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It is my pleasure to present this report sum-
marizing the activities of the Institute for Bio-
medical Research Sols-Morreale (IIBM) during
the year 2025. Now, after more than two years
in the role of Director, | am grateful to witness
the continued progress and consolidation of
our Institute. The strong foundations built in
previous years, together with the collective
commitment of our community, have allowed
us to maintain a positive trajectory, reflected
in both the quality of our scientific output and
our success in securing competitive funding.
A defining milestone of 2025 has been the
formal launch and implementation of the
CSIC's MaX Program at our Institute. Follow-
ing the successful evaluation completed last
year, we have focused on executing the ob-
jectives and actions outlined in our Excellence
Plan. Throughout the year, we have advanced
according to the established roadmap, taking
concrete steps to strengthen our research
environment, organizational structure, and
long-term strategic vision.

Welcome from
the director

In this context, one of the most important ac-
tivities has been the renewal of our Scientific
Advisory Board (SAB), ensuring a panel of in-
ternationally recognized experts aligned with
our scientific priorities. We were also pleased
to host the SAB during their visit to the IIBM,
where they conducted a comprehensive eval-
uation of both the center as a whole and each
individual research group. The feedback pro-
vided has been thoughtful, constructive, and
highly valuable, offering clear guidance to
further enhance our scientific performance
and institutional development in the coming
years.

Beyond these strategic actions, 2025 has
been another year of solid scientific achieve-
ment. Our researchers have continued to
make significant contributions across a wide
range of biomedical fields, maintaining a
high level of productivity and reinforcing our
commitment to addressing major challenges
in human health. At the same time, our suc-
cess in attracting competitive funding at na-

tional and international levels reflects both
the relevance and the excellence of the work
carried out at the [IBM. We are also pleased
to have strengthened our scientific commu-
nity through the incorporation of new talent,
including two Ramon y Cajal researchers, as
well as by hosting students at different stag-
es of their academic training, from vocational
education and undergraduate to Master's lev-
el. In parallel, our commitment to advanced
training is reflected in the successful defense
of 11 doctoral theses during the year, contrib-
uting to the development of the next genera-
tion of scientists.

We have also continued to strengthen
our collaborative networks and to promote
knowledge transfer, fostering interactions
with both academic and industrial partners.
These efforts are essential to ensure that our
research not only advances fundamental un-
derstanding but also contributes to tangible
societal impact.
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As we move forward, our priorities remain
clear: to consolidate the progress achieved,
to fully implement the MaX Program, and to
continue fostering a stimulating and support-
ive environment for scientific innovation. The
recommendations of the SAB, together with
the dedication of our researchers, technical
staff, and administrative teams, will be instru-
mental in guiding this next phase.

| would like to express my sincere appre-
ciation to all members of the 1IBM for their
professionalism, commitment, and enthusi-
asm. Their work is the driving force behind
our achievements and the foundation of our
future success.

With confidence in the path ahead, | look
forward to another year of progress and dis-
covery at the IIBM.

Pilar Lépez Larrubia. Director, IIBM
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(Cientifica Titular, CSIC)

Gonzalez Sancho, José Manuel
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KEYWORDS

Cancer-associated fibroblasts, Colon
cancer, Organoids, Personalized medici-
ne, Tumor microenvironment, Vitamin D

Mechanisms for the antitumoral action
of vitamin D/calcitriol in colorectal cancer
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RESEARCH LINES:

Overview

Colon/colorectal cancer is the most frequent
malignancy in Spain and a major neoplasia in
terms of incidence and mortality worldwide.
Our group uses primary cultures of fibroblasts
and stem cell-derived organoids established
from healthy and tumor tissue of colorectal
cancer patients to investigate the genetic ba-
sis and the role of the tumor microenviron-
ment in this neoplasia, and to characterize
the antitumor action of vitamin D.

The concept of precision/personalized
medicine is a hot topic today. At this respect,
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 their response to available
treatments.

The incidence of colorectal cancer in in-
dividuals under 50 years of age (early-onset
colorectal cancer) is increasing worldwide.
The reasons for this rise remain unknown and
studies conducted so far are limited, failing
to identify differences between these tum-
ors and those developed in older individuals
(late-onset colorectal cancer). We are estab-
lishing organoids and fibroblast cultures from
these two groups of patients to perform com-
parative analyses (gene expression patterns,
pro-tumor properties, drug and vitamin D

response) aiming to improve the comprehen-
sion of this clinical situation.

Our group is affiliated to the Instituto de
Investigacion Sanitaria del Hospital Universi-
tario La Paz (IdiPAZ), CIBER de Cancer (CIBER-
ONC, ISCIll), Conexion Cancer CSIC and RST
Biomed CSIC.

Patient-derived colon organoids:

Gene expression and response

to drugs and vitamin D

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
the main differentiated colon epithelial cell




lineages (absorptive and mucosecretory). In
these conditions, our data indicate that calci-
triol favors the maintenance of the stem phe-
notype by attenuating the induction of cell
differentiation.

With the aim of contributing to the pro-
gress of precision/personalized medicine and
to highlight the potential of organoids for an-
ticancer drug testing, we study the response
of organoids to several antitumor drugs cur-
rently used for the treatment of colon cancer
patients and to other drugs in development.

Tumor microenvironment in colorectal
cancer: Role of cancer-associated
fibroblasts and macrophages

and modulation by vitamin D

The tumor microenvironment is crucial for
cancer initiation and progression and is in-
volved in tumor relapse and therapeutic
resistance. Accordingly, the worst progno-
sis colorectal cancer consensus molecular
subtype is characterized by high stromal in-
filtration. Cancer-associated fibroblasts are
the main cellular component of the tumor
microenvironment and play a crucial role in
tumorigenesis.

Our work in this area is focused on (i)
the role of colon fibroblasts on the mecha-
nisms of resistance to antitumor drugs that
carcinoma cells frequently develop; (ii) the
paracrine communication among fibroblasts,
carcinoma cells and macrophages in the tu-
mor microenvironment, (iii) the metabolism

of normal and cancer-associated fibroblasts,
and (iv) the regulation of these processes by
vitamin D.

We are also carrying out a comparative
study of cancer-associated fibroblasts of ear-
ly- and late-onset colorectal cancer patients
in terms of gene expression and vitamin D
responsiveness.

Collaborations

We actively collaborate with numerous col-
leagues from different national and inter-
national scientific institutions. As experts in
colorectal cancer, we have contributed to the
characterization of the protumoral role of
cadherin-17 in metastatic colorectal cancer
(collaboration with Dr. JI. Casal, CIB-CSIC, Ma-
drid). Likely, as experts in vitamin D, we have
participated in a study on the effect of vita-
min D deficiency on erectile dysfunction (col-
laboration with Dr. F. Pérez-Vizcaino, UCM,
Madrid).

PUBLICATIONS:

Bartolomé, RA.; Pintado-Berninches, L.; Robles, J.; Calvo-Lépez, T.; Bou-
kich, |.; Otero-NuUfez, P.; Gonzalez-Sancho, JM.; Casal, JI. Loss of cadher-
in 17 downregulates LGR5 expression, stem cell properties and drug
resistance in metastatic colorectal cancer cells. Cell Death Dis. 2025, 16,
475. DOI: 10.1038/s41419-025-07811-w.

Olivencia, MA.; Climent, B.; Barreira, B.; Morales-Cano, D.; Sanchez,
A.; Fernandez, A.; Garcia-Gomez, B.; Romero-Otero, J.; Rodriguez, C.;
Moreno, L.; Prieto, D.; Larriba, MJ.; Cogolludo, A.; Angulo, J.; Pérez-Viz-
caino, F. Vitamin D deficiency induces erectile dysfunction: Role of su-
peroxide and Slpi. Br J Pharmacol. 2025, 182, 3669-3687. DOI: 10.1111/
bph.70034.

FUNDING:

Consorcio CIBER Area Temética de Cancer (CIBERONC). CB16/12/00273.
ISCIII. 2017-2026. Pl: Alberto Mufioz Terol.

Cancer colorrectal en poblacion joven. Estudio farmacogendmico
en organoides y efectos del microambiente tumoral. ICI20/00057.
ISCIII. 2021-2026. PI: Nuria Rodriguez Salas and Alberto Mufioz Terol.

Vitamin D effects on colon cancer stem cells and microenvironment:
differentiation, metabolism and intercellular communication. PID2022-
1367290B-100. AEI-MICINN. 2023-2026. PI: Alberto Mufioz Terol

and Maria Jesus Larriba Mufioz.




Hacia la medicina de precisién en cancer de colon: biomarcadores, mi-
croambiente tumoral y microbiota. S2022/BMD-7212. Comunidad de
Madrid. 2023-2026. PI: José Manuel Gonzalez Sancho.

Unidad CIBER de la Plataforma ISClll de Biomodelos y Biobancos.
PT23/00102. ISCIII. 2024-2026. PI: Cristina Villena Portella.

Setting up and validating new strategies for the identification and erad-
ication of the poor prognosis fetal-type colorectal tumors. EP PerMed
2024-149. EU. 2025-2027. PI: Lluis Espinosa Blay.

High-throughput screening platform for precision nutrition in non-re-
sponsive celiac disease through 3D organ models and systems biolo-
gy. TEC-2024/BI0O-167. Comunidad de Madrid. 2025-2028. PI: Antonio
Barbachano Becerril.

OUTREACH ACTIVITIES
Interview in the radio program Entre Probetas from Radio 5 (Radio
Nacional de Espafia). Organoides: pequefios cuerpecitos de investi-

gacion. 07/01/2025.

Public lecture organized by Fundacién PharmaMar. ;Qué es el cancer?.
03/03/2025.

Public lecture organized by Fundacion PharmaMar. Vitamina D y Canc-
er. 12/05/2025.

Science Outreach Workshop “Juegos de Ciencia” in the Science Out-
reach Fair Ventu-Ciencia. 30/05/2025.

Scientific Board Games Event “Juegos de Ciencia” in the game club Me-
catol Rex. 22/11/2025.
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RESEARCH LINES:

Overview

Our laboratory is interested in studying

the factors associated with the development
of hepatocellular carcinoma..

Molecular mechanism of SNPs os AURKB
in cirrhosis and HCC development.

Researchers involved: Camblor Murube, Marina.

Cirrhosis constitutes the common final path-
way of chronic liver diseases, being an impor-
tant cause of morbidity and mortality due to
the risk of developing end-stage liver disease
and hepatocellular carcinoma (HCC). In this
regard, the relationship between the overex-
pression of Aurora Kinase B (AURKB), an ac-
tivity involved in the regulation of mitosis and
cytokinesis, and the development of HCC in
patients with chronic liver disease secondary
to hepatitis C virus (HCV) infection and stea-
tohepatitis has been described. We are stud-
ying the role of SNPs of the AurkB gene.

To this end, we are using CRISPR-Cas9
knock-in techniques to develop stable hepat-
ic cell lines that express the allelic variant of
the selected AURKB SNP. The aim is to eval-
uate by RNAseq techniques the different ge-
netic pathways associated with the molecu-
lar mechanism by which genetic variants of
AURKB regulate several cellular processes
involved in tumor development, such as ab-
scission during cytokinesis, proliferation, cell
viability, and gene expression.

These differences could be reflected in a dis-
tinct prevalence of these AURKB allelic vari-
ants in patients who develop HCC, as we had
observed through a clinical pilot study in pa-
tients with HCC by HCV infection after

DAA treatment.

Genetic factors associated with HCC
development induced by steatosis.

Researchers involved: Ricote Cardenal, Carolina
A second research line, recently initiated in
our laboratory, is a collaborative project with
a food supplements company together with
the Oncology and Gastroenterology Depart-
ments of La Paz University Hospital-Biomed-
ical Research Foundation of La Paz University
Hospital (IdiPAZ), and the Gastroenterology
Department of Infanta Sofia University Hospi-
tal. The project focuses on evaluating the ef-
ficacy and feasibility of a new formulation as
a therapeutic option for the prevention and
treatment of metabolic dysfunction-associat-
ed fatty liver disease (MASLD) and/or meta-
bolic dysfunction-associated steatohepatitis
(MASH).
Metabolically-dysfunction-associated
steatotic liver disease (MASLD) is the most
common chronic liver condition and the lead-
ing cause of liver-related mortality in devel-
oped countries. It is estimated that 30% of
the adult population is affected by MASLD,

Prognostic Factors for Hepatocellu- ¢

lar Carcinoma Progression.
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and this percentage is increasing, partly due
to rising obesity rates, excess visceral adipos-
ity, and associated conditions such as type 2
diabetes, insulin resistance, hypercholester-
olemia, and elevated triglyceride levels. The
condition has also been observed in up to
15% of the pediatric population.

The accumulation of lipid deposits within
hepatocytes produces significant histological
changes that lead to the more severe form
of MASLD, metabolic dysfunction-associated
steatohepatitis (MASH). MASH is character-
ized by lobular inflammation and hepatocyte
ballooning and is associated with a high risk
of liver tissue degeneration and progression
to fibrosis. A high percentage of patients
with MASLD (20-35%) develop fibrosis and
cirrhosis within 10-20 years after diagnosis.
Approximately 2% of MASH cases may even
progress to hepatocellular carcinoma
(MASH-HCC).

To date, clinical interventions for fatty
liver disease focus on preventing the devel-
opment of steatosis and minimizing the risk
of hepatic fibrosis by recommending lifestyle
modifications, including regular physical ex-
ercise (2-3 times per week) and a calorie-re-
stricted Mediterranean diet with low-glyce-
mic index carbohydrates (free of processed
foods, sugars, and refined flours), reducing
alcohol and saturated fat intake, in accord-
ance with the “Harvard Plate” recommenda-
tions. We are collaborating with an enterprise
that has developed a new formulation aimed

at treating the metabolic factors that trigger
MASLD, as well as controlling the disease
once established and preventing its progres-
sion to MASH.

First, we are analyzing the molecular
mechanism associated with the administra-
tion of the new formulation in human hepat-
ocyte culture systems (Huh7), macrophages
from healthy donors, and human hepatic
stellate cells (LX-2), to reproduce scenarios
similar to MASLD and MASH. Markers of in-
flammation, apoptosis, autophagy, oxidative
stress, endoplasmic reticulum stress, prolif-
eration, and cell viability will be evaluated in
the presence and absence of fatty acid treat-
ment, before and after the addition of the for-
mula.

The second aim is to analyze the effi-
cacy of the formulation in patients with
MASLD, MASH, and HCC. A pilot study will
be conducted, including five patient groups
with liver fat accumulation-related patholo-
gy. Blood samples will be collected from each
patient before and after administration of the
formulation or placebo over 12months, with
monitoring and sample collection every three
months. Usual analytical data, genetic mark-
ers (Aurora kinase B and alpha-fetoprotein),
and dietary and exercise habits will also be
monitored throughout the study. The third
aim is to analyze the liver-gut axis in hu-
man samples from patients with MASLD and
MASH. Stool samples will be collected before
and after three months of formula adminis-

tration to evaluate the liver-gut axis. Using
third-generation nanopore massive sequenc-
ing technology, previously implemented in
our laboratory, we aim to establish differ-
ences between baseline composition and
the evolution of intestinal microbial species
associated with the intervention. A statistical
correlation study will be conducted to analyze
genetic parameters and intestinal microbiota
composition in conjunction with biochemi-
cal and inflammatory patterns, to determine
whether improved disease progression

is observed.

DOCTORAL THESES AND OTHER ACADEMIC WORK:

Claudia Fernandéz Folgueira.

Final degree's project. New drugs for obesity treatment. Universidad
Autonoma de Madrid. 2025. Supervisor: Aurora Sanchez Pacheco.

Grade: 8,5.

FUNDING:

Evaluacion de la eficacia y viabilidad de un nuevo nutracéutico como
opcion terapéutica en la prevencion y tratamiento de higado graso
(MASLD) y esteatohepatitis (MASH) asociadas a disfuncion metabdli-
ca. References. Convocatoria 2024 desarrollo de procesos industri-
ales.IND2024/BMD-33899. CAM. 17/09/2025-16/08/2028.. IP: Aurora

Sanchez Pacheco
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Disefio de algoritmo predictivo de riesgo de desarrollo de CHC en pa-
cientes cirréticos considerando patrones genéticos de polimorfismos
de Aurora Quinasa B. Sociedad Espafiola de Oncologia Médica SEOM.
11/2025-10/2027 IP.Nuria Rodriguez Sala (Hospital Universitario La Paz).

Desarrollo de sistemas de cribado para deteccidn precoz de cancery
prevencion de efectos secundarios asociados a los tratamientos con
inmunoterapia. Genesis Biomed-Universidad Auténoma de Madrid.
03/2024-03/2026. IP: Aurora Sanchez Pacheco.

PATENTS:

A stem-loop primer and a method for short length RNA detection. A.
Sanchez-Pacheco; A Lopez-Lopez; M. Camblor Murube. International
Patent. EP22383065.03/09/2025.

Prognostic Factors for Hepatocellular
Carcinoma Progression.
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KEYWORDS
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Patient-derived xenografts

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 Cancer Stem Cells and Fibroin-
flammatory Microenvironment Group, we
study CSCs in the context of pancreatic duct-
al adenocarcinoma (PDAC), the 4th leading
cause of cancer related deaths in developed
countries. We are running a combined basic
and translation research program, which syn-
ergistically combines studies on the biology
of mouse and human CSCs, including their in
vivo microenvironment, in order to enhance
our understanding of the regulatory machin-
ery of CSCs.

Cancer Stem Cell Biomarkers

Researchers involved: Alcald, S; Navarro, D,
Maseda, P

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; Navarro, D;

Ruiz, L; Batres, S; Vigiano, V; Maseda, P

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 respi-
ration) 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-derived xenografts). We have discov-
ered that the Interferon Stimulated Gene 15




(ISG15) is not only up-regulated in CSCs, but
its function as a Ubiquitin-like modifier is nec-
essary for many CSCs biological processes,
such as metabolic plasticity. In addition, we
can enrich for CSCs by changing their carbon
source (galactose versus glucose), allowing us
to study key features such as immune eva-
sion. Using a ruthenium-based compound,
we can target CSC mitochondrial respiration,
reducing tumor growth in vivo. Lastly, we are
studying how polyploidy giant cancer cells
(PGCCs), CSCs and senescent cells overlap,
share similar properties, and can be targeted
in a sequential and orchestrated manner to
reduce tumor growth.

The Tumor Microenvironment

Researchers involved: Alcald, S; Navarro, D;

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-

PUBLICATIONS:

ly the role of tumor-associated macrophag-
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 expression of im-
mune evasion proteins such as PGLYRP1.

Patient-derived Xenografts

Researchers involved: Ruiz, L; Batres, S, Alcald, S;
Fra, S; Contreras, C; Hormigos, MA

As our fourth mainresearch line, we want to es-
tablish of one of the largest Biobanks in Spain
of Patient-derived PDAC xenografts for in vivo
pre-clinical studes and CSC-specific analyses.
This tremendous effort is being achieved with
collaborations with across Spanish hospitals
and their respective biobanks.

LiakiV.;Barrambanas.; Kostopoulou M.; Lechuga C.G.; Zamorano-Dominguez
E.; Acosta D.; Morales-Cacho L.; Alvarez R.; Sun P.; Rosas-Perez B.; BarreroR.;
Jiménez-Parrado S.; Lopez-Garcia A.; San Roman M.; Lopez-Gil J.C.; Drosten
M.; Sainz B. Jr.; Musteanu M.; Caleiras E.; Dusetti N.; Poli V.; Sdnchez-Bueno
F., Guerra C.; Barbacid M. A targeted combination therapy achieves effective
pancreatic cancer regression and prevents tumor resistance. PNAS. 2025,

€2523039122. DOI:10.1073/pnas.2523039122

Bakirdégen D.; Gorgulu K. Xin J.; Alcald S.; Ruiz-Cafas L.; Frank K.; Wu
N; Diakopoulos K.N.; Dai C,; Ozturk H.; Demircioglu D.; Peschke K.; Ran-
jan R,; Fusco F.; Martinez-Useros |.; Fernandez-Acefiero M,.; Chhabra
N.F.; Lopez-Gil J.C.; Ai J.; Ruess D.A.; Kaya-Aksoy E.; Steiger K.; Schmidt
F.; Kohlmann L. Berninger A.; Schmid R.M.; Reichert M.; Adli M.; Lesina
M.; Sainz B. Jr.; Algul H. c-Rel drives pancreatic cancer metastasis through
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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
communication with tumor cells and other
components of the microenvironment, CAFs
actively contribute to tumor progression. A

Exosomes, Precision Medicine.

key element in this intercellular cross-talk
is exosomes, extracellular vesicles that me-
diate communication between tumor-asso-
ciated cells and distant organs where met-
astatic niches develop. Notably, exosomes
are present in physiological fluids, such as
peripheral blood, providing a valuable op-
portunity for disease-specific biomarker
identification through liquid biopsies.

Our research group is primarily focused on
identifying novel biomarkers associated
with the tumor microenvironment, particu-
larly CAF-derived biomarkers, that have di-
agnostic, prognostic, or predictive value in
colon cancer patients. Colon cancer remains
one of the most prevalent and lethal malig-
nancies internationally. Therefore, identify-
ing biomarkers with clinical applicability to
support decision-making and patient man-
agement represents a crucial step toward
the advancement of personalized medicine.

Specifically, we focus on:

Establishment of primary cultures of CAFs
and normal colonic fibroblasts (NFs) from pa-
tient samples to investigate their tumorigenic
potential.

DOCTORAL THESES AND OTHER ACADEMIC WORK:

Valeria del Blanco Calle

Characterization and validation of pro-tu-
morigenic mediators involved in the inter-
action between primary CAF/NF cultures, ex-
tracellular matrices, and colon tumor cells or
other tumor microenvironment components.

Analysis of the nucleic acid content of ex-
osomes derived from CAF/NF primary cul-
tures and their functional effects on colon
cancer progression.

Identification of exosomal biomarkers in
liquid biopsies (peripheral blood) derived
from CAFs, correlating their expression with
tumorigenic properties, pathological fea-
tures, and patient survival outcomes.

Development of computational models
based on different biomarkers for accurate
patient stratification according to relapse risk.
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Overview

The main interest of our group is understand-
ing how genomic alterations modify drug
treatment response, with the ultimate goal of
using this knowledge to design more specific
drug treatments. Cancer is our priority be-
cause therapy failure in oncology is a major
clinical problem, and developing safer and
more effective anticancer drug strategies is
urgently needed. We do this by discovering
new mechanisms of anticancer drug sensi-
tivity/resistance, identifying biomarkers pre-
dictive of treatment response, and propos-
ing novel cancer therapeutic vulnerabilities.
Identifying germline genetic variants that in-
crease drug toxicity risk is also a fundamen-
tal part of our objectives. To achieve these
goals, we perform translational research that
combines multi-omic analyses, cellular and
animal models, and clinical knowledge from
oncology departments.

Research Lines:

1. Personalization of kidney

cancer treatments

In Spain, approximately 9,200 new cases of
renal cancer are diagnosed each year, re-
sulting in more than 2,200 deaths. Renal cell
carcinoma (RCC) comprises a heterogeneous
group of tumors classified into distinct histo-

logical subtypes, including clear cell (ccRCC),
papillary (pRCC), and chromophobe (chRCC),
as well as rarer entities such as FH-deficient
and SDH-deficient RCC. These subtypes differ
not only morphologically but also molecularly;
for example, VHL mutations are characteristic
of ccRCC and absent in other subtypes.

Our goal is to define therapeutically rele-
vant molecular subgroups of RCC by identify-
ing molecular drivers and mechanisms of drug
response and resistance. We hypothesize that
the limited efficacy of current treatments—
particularly immune checkpoint inhibitors and
antiangiogenic agents—results from broadly
applying ccRCC-centered strategies to bio-
logically diverse tumors. Even within ccRCC,
substantial heterogeneity driven by second-
ary alterations influences tumor behavior and
treatment response. In non-clear cell sub-
types, which lack the genomic drivers charac-
teristic of ccRCC, extrapolating these therapies
often lacks a clear molecular rationale and
may contribute to poor outcomes. According-
ly, we study subtype-specific mechanisms: in
ccRCC, how chromatin remodeler mutations
shape the transcriptome and influence drug
response, including sex-specific effects; in
pRCC, the impact of L-2-HG accumulation on
therapy response; and in chRCC, metabolic re-
programming beyond the mTOR pathway.
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During this year, we provided novel results  reinforcing the pivotal role of L-2-HG in can-
for pRCC histology by defining a novel molec-  cer metabolism.

ular subgroup of tumors with high HIF-activ- HIF-high tumors exhibited an angiogene-
ity linked to a unique tumor microenviron-  sis-rich and immune-enriched microenviron-
ment with potential impact on drug response ~ ment with elevated immunomodulators and
(de Nicolas et al. 2025; Figure 1). Specifically,  increased effector T cell infiltration. Integra-
the transcriptomic analysis of a large series of ~ tion of gene expression signatures associated
PRCC cases revealed a clinically distinct HIF-  with therapy response and real-world patient
high subgroup (~30% of cases) characterized  treatment outcomes suggests that immuno-
by high HIF activity, altered mitochondrial  therapy combinations may provide enhanced
metabolism, increased epithelial-mesenchy-  benefit in HIF-high pRCC patients. In conclu-
mal transition, and poor prognosis. Mecha-  sion, this work establishes a molecular strati-
nistically, we identified L-2-hydroxyglutarate  fication framework for pRCC, revealing a nov-
(L-2-HG) accumulation—caused by L2HGDH el tumorigenic mechanism that can explain
downregulation—as a novel oncometabolic  the variable therapy response of patients to
driver of impaired HIF degradation in pRCC,  targeted therapies and provides a founda-
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Figure 1. Molecular features of HIF-high versus HIF-low pRCC tumors. Unsupervised clustering of 303 pRCC using 461 HIF-target genes identifies: HIF-low (blug) and HIF-high clusters
(green), (A) “HIF-high” cluster has increased hypoxia score, Pseudohypoxic RCC with FH and SDHB mutations (black) are used as conirols, (B) Kaplan-Meier curves showing patient overall
survival according to the pRCC clusters. (C) HIF-high umors (green) exhibil a highly angiogenic and immune-infillrated Wwmor microenvironment. Conversely, HIF-low are low-angiogenic
‘immune deserl’ tumors, (D) HIF-high pRCC are characterized by high LUD-2-HG ratio and low L2HGDH mRNA expression. (E) Proposed model illustrating the mechanism of L-2-HG
accumulation in pRCC and the subsequent effects that define HIF-active pRCC characteristics.

tion for personalized precision medicine ap-
proaches to improve outcomes in this under-
studied cancer.

This discovery was the foundation for our
recently funded pRCC-TREAT European Pro-
ject, which aims to personalize pRCC treatment
through molecular and metabolic stratification.

Also, this year, we contributed to a study
demonstrating that autoencoders—neural
networks that compress high-dimensional
gene expression data into meaningful latent
features—can be applied to ccRCC transcrip-
tomic data to enable effective survival mode-
ling in patients treated with immunotherapy
and antiangiogenic therapies (Sanz llundain
et al., 2025). In addition, we identified a ccRCC
gene signature linked to AR overexpression
that was associated with better prognosis,
longer progression-free survival, and favora-
ble MSKCC risk scores (Osorio et al., 2025).

2. Discovery of cancer susceptibility

and prognostic biomarkers

The identification of novel cancer susceptibili-
ty and prognostic biomarkers in RCC and oth-
er tumor types through “omic” technologies
is another long-lasting objective of our group.
This year, we contributed to:

+ The molecular analysis of a phase Il trial
of neoadjuvant durvalumab plus olaparib
in bladder cancer, showing that genom-
ic features did not predict response. In-
stead, resistance was linked to transcrip-

tional changes—particularly stromal and
epithelial-mesenchymal transition signa-
tures—while responder patients exhibited
increased circulating CD4+ CD27- CD28- T
cells, indicating that adaptive transcrip-
tional reprogramming drives resistance
(Rodriguez-Moreno et al. 2025).

* A genomic and transcriptomic profiling
analysis of head and neck paraganglio-
mas that revealed novel candidate driv-
er genes and pathways beyond the well-
known SDHx mutations, highlighting new
mechanisms involved in tumor develop-
ment (Mellid et al. 2025).

+ By being part of the International Consor-
tia OCAC-OTTA we contributed to ovari-
an cancer research in large multinational
collaborative studies (Fu et al. 2025 and
Garsed et al. 2025).

3. Germline variation leading to

increased risk of adverse drug reactions
An intrinsic part of our pharmacogenomic
research is the definition and discovery of
germline variation leading to an increased
risk of adverse drug reactions. Currently, we
are responsible for the design and genomic
analysis of the PROCURE Project, a transla-
tional research study comprising 26 Spanish
institutions that aims to discover genetic var-
iants associated with the risk of pneumoni-
tis in breast cancer patients treated with the
novel antibody-drug conjugate trastuzum-
ab-deruxtecan.




This year, our initial results from a Genome
Wide Association Study (GWAS) have been
presented at ESMO, SEOM, and ASEICA con-
ferences (Sanchez-Bayona et al. In May 2025;
Sanchez-Bayona et al. in November 2025;
Arenas et al. 2025 in November 2025, re-
spectively).
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Overview

Our laboratory is dedicated to elucidating the
complex mechanisms underlying cancer me-
tastasis, with a particular focus on Melano-
ma and Breast Cancer. Our research aims to
identify the molecular drivers and biomark-
ers associated with metastatic progression,
as well as to understand the role of the lym-
phatic system and the intratumoral microbi-
ome in this process.

Molecular Drivers and Biomarkers

of Metastasis

We investigate the specific genes, proteins,
and metabolic pathways that facilitate the
dissemination of cancer cells. By identifying
these molecular drivers, we aim to discover
biomarkers that can predict metastatic po-
tential and patient prognosis.

Role of the Lymphatic System

in Tumor Dissemination

Our research explores how the lymphatic sys-
tem contributes to tumor cell spread and the
establishment of pre-metastatic niches.

FUNDING:

We study the interactions between tumor
cells and the lymphatic vasculature to under-
stand the mechanisms promoting metastasis.

Influence of the Intratumoral

Microbiome on Metastasis

We examine the impact of the intratumoral
microbiome on cancer progression and me-
tastasis. Our studies aim to determine how
microbial communities within tumors affect
tumor behavior and response to therapies.

Mechanisms of Therapy Resistance

in Metastatic Cancer

We investigate the mechanisms by which met-
astatic cancer cells develop resistance to cur-
rent therapies. Our goal is to identify strate-
gies to overcome this resistance and improve
treatment efficacy.

Through these research lines, we aim to
advance the understanding of metastatic pro-
cesses and contribute to the development of
novel therapeutic strategies to combat can-
cer metastasis.

“Antibacterial Stress Responses in Metastasis and Melanoma Therapy

Response. P121/00641”. MICINN. 2022-2024 ® |
[
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Overview

Melanoma is the leading cause of skin-can-
cer mortality due to its high risk of metastasis
and the scarcity of therapeutic options. This
aggressiveness is caused by melanoma in-
herent plasticity that confers adaptability to
dynamic tumor microenvironment (TME) con-
ditions. Despite the advances of immunother-
apy, 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 under-
standing the molecular mechanisms driving
metastasis and immunotherapy resistance
with the ultimate goal of discovering robust
biomarkers and developing preventive and
therapeutic strategies to improve melanoma
patient outcomes.

Our research focus on three aspects:

1. Intratumoral heterogeneity (ITH), with espe-
cial 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 stromal
and immune cells leading to TME remodeling
and determining the response to immuno-
therapy.

3. Discover targetable drivers of immune eva-
sion to develop strategies that prevent brain
metastasis and overcome immunotherapy
resistance.

Our multidisciplinary approach includes
the generation of single-cell multi-omics
mouse data sets, development of computa-
tion tools and comparative analysis of patient
cohorts, gene inactivation and drug screensiin
co-culture systems and preclinical therapeu-
tic 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.

Role of melanoma plasticity in
immunotherapy resistance

Melanoma plasticity is considered a mayor
driver of ITH, which has been demonstrated
to be a main cause of chemo- and targeted
therapy failure. We aim to understand how
melanoma plasticity is modulated by activat-
ed TME cells and to identify the specific pro-
grams involved in immune evasion in resist-
ant tumors. To determine how the dialogue
between melanoma cells and the tumor mi-
croenvironment takes place, we employed a




series of clonal cell lines exhibiting distinct
molecular and phenotypic characteristics, in-
cluding various differentiation states, tumor
growth kinetics, and responses to immuno-
therapy. Our work generated multi-omics
data sets, emerging as a benchmarking tool
to develop computational methods and sys-
tem biology models by our collaborators. We
will perform functional and mechanistic as-
says both in vitro and in vivo to identify ge-
netic and non-genetic factors involved in the
response to immunotherapy.

In addition, we conducted a multilevel
study consisting of a longitudinal analysis of
immunotherapy-treated melanomas by spa-
tial transcriptomics (ST). Complementing this,
we evaluated changes in pro- and anti-inflam-
matory cytokines in the peripheral blood of
mice in the same study. This will allow us to
determine the correlation between melano-
ma phenotypic states and the specific TME
compartments that determine immunother-
apy efficacy.

Intrinsic melanoma programs driving

immune evasion and brain metastasis

Despite the promising advances of immuno-
therapy to treat brain metastasis, response
rates and durability do not reach those ob-
tained systemically. To address current defi-
ciency of brain-metastatic melanoma mod-
els, we generated two syngeneic cell lines

(M4-BR1 and M4-BR3) by in vivo cycling via
intracardiac injection. These models demon-
strated high penetrance to the brain, forming
numerous pigmented macroscopic metasta-
ses in over 90% of injected animals, but dis-
played diverse histopathology and metastatic
potential. Notably, mice implanted with M4-
BR1 or M4-BR3 cells responded differently to
immune checkpoint blockade (ICB) as mono-
therapy and in combination. Our molecular
and immune analysis uncovered the com-
plexity and heterogeneity of melanoma, im-
mune and stromal cells from each model.

To unravel the mechanisms of brain TME
modulation, we focused on the study of sol-
uble factors secreted by melanoma cells.
Through proteomic analysis, we have identi-
fied a panel of differentially secreted cytokines
and chemokines by the two models that could
partly explain the observed phenotypes in
vivo. Furthermore, a computational analysis of
ligand-receptor pair prediction has evidenced
distinctive interactions in each model. To carry
out the mechanistic assays, we have optimized
the isolation of the most relevant brain-stro-
mal populations, microglia and astrocytes, and
have established 2D and 3D co-culture condi-
tions. We will functionally validate the solu-
ble factors and ligand-receptor candidates by
loss-of-function and gain-of-function assays in
vitro and in vivo, utilizing CRISPR/Cas9-based
gene editing and blocking antibodies.
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Overview

Our laboratory is interested in understanding
the molecular basis of the initiation and pro-
gression of colorectal cancer with the aim to
identify early diagnosis, prognosis and ther-
apeutical decision-making markers. Our spe-
cific objectives are:

Molecular basis of peritoneal metastasis
Characterize, using “omics” approaches, the
molecular mechanisms of peritoneal metas-
tasis in order to identify potential therapeu-
tic targets that can be tested in preclinical
models. We use in vitro and orthotopic in vivo
models and human simples.

MASTER THESIS STUDENT
San Martin Doblado, Ana
Giribaldi Bello, Fiorella

ANp73 and tumoral progression

ANp73 has been described overexpressed
in colorectal cancer patients and associated
with poor prognosis. We investigate the role
of the oncogene ANp73 in the different stages
of colorectal cancer carcinogenesis and in the
response to treatments. We are also focused
in the identification of compounds that can
downregulate its expression.

Biomarkers for early diagnosis

We are interested in identifying biomarkers
for the early diagnosis of the disease through
a minimally invasive liquid biopsy. To this
end, we explore extracellular vesicles cargo,
proteins and metabolites in different fluids in
healthy subject, individuals with premalignant
colonic lesions and colorectal cancer patients.

Response to neoadjuvant therapy

This line of research started in 2021 and is fo-
cused on the identification through “omic” tech-
niques (including radiomics) of molecular bio-
markers that can predict the response to the
neoadjuvant treatments in patients with locally
advanced rectal cancer. Our aim is to provide
personalized treatment to these patients.

DOCTORAL THESES AND OTHER ACADEMIC WORKS

Ana San Martin Doblado
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Overview

Our group is focused on the molecular pa-
thology and translational research of
cancer, mainly (but not limited to) breast,
gynecological and colorrectal tumors. One
of the most important aims in molecular on-
cology is to increase the survival of cancer
patients through the development of more
specific therapies that could also be also ef-
fective on metastatic settings. To this end, it
is essential the identification and validation

of novel prognostic and predictive biomark-
ers, as well as cancer-specific molecular tar-
gets that could be attacked through modern
technological approaches. In this sense, our
research lines cover from basic investigation
on cancer biology and tumor behavior all the
way to the pre-clinical validation and thera-
peutic application of our findings, being our
main objectives:

1. ldentification of key molecular altera-
tions and characterization of intratumor
heterogeneity (ITH) and tumor evolution in
large series of cancer samples using state-
of the-art high throughput genomic analysis
technologies.

2. Discovery and validation of prognostic
and predictive markers using molecular pa-
thology techniques (e.g. immunohistochemis-
try, mutation analysis) in cancer cohorts (can-
cer biopsies, patient-derived-xenografts) with
clinical information.

3. Definition of the precise biological and bio-
chemical mechanisms of key molecular alter-
ations and their impact in the clinical behavior
of cancers with the aim of subsequently devel-
oping novel targeted treatments using innova-
tive methods (including nanotechnology).

Covering all these three purposes, in
the last 10 years our group has pioneered
the identification of Gasdermin-B (GSDMB)
over-expression as key mediator of tumor ag-
gressiveness, metastasis, poor prognosis and
unfavorable clinical response to treatment in
HER2-positive breast cancers.

GSDMB, like other Gasdermin family pro-
teins, can mediate either pro-tumor (inva-
sion, metastasis, resistance to therapy) or an-
ti-tumor (including the lytic and inflammatory
cell death mechanisms termed pyroptosis)
functions depending on the biological con-
text. In this sense, as continuation of this line

of research we have generated multiple in vit-
ro and in vivo pre-clinical models that will be
used to investigate the following key aspects:

1. Detailed functional characterization of
the molecular and cellular mechanisms
regulating the diverse GSDMB (pro-tumor
and antitumor) activities on healthy and
cancer cells.

2. Application of GSDMB over-expression as
an innovative therapeutic target in HER2
positive tumors. Further development of
improved anti-GSDMB nanotherapies.

3. Validation of the GSDMB biological ef-
fects (such as response to treatment) ob-
served in vitro and in vivo in diverse co-
horts of human tumors (including PDX).
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breast cancer: new clinical data and implications for practice. Front On-
col. 2025, 15, 1579876. DOI: 10.3389/fonc.2025.1579876.
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notherapy response in melanoma brain metastases. Cancer Cell. 2025,
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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 in-
stability. Indeed, aberrant expression of cell
cycle and cell division genes often correlates
with tumoral poor prognosis.

Paradoxically, in certain animal tumor
models, elevated CIN negatively influences
organism fitness, and is poorly 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 therapeutic
opportunities. Concomitantly, this will provide
us the possibility to understand the mecha-
nisms by which those cell cycle regulators mod-
ulate the oncogenic status of tumoral cells.

Identification of Resistance Mechanisms
associated with Cell Cycle Drugs.
Researchers Involved: Sanz, Natalia; Montes,
Ange/a,‘ Escribano, Maria, Rubio, Diego

A recurring problem with kinase inhibitor
therapies is the emergence of drug resistance
mechanisms and the resulting loss of effica-
cy over time. With the recent emergence of a
new generation of anticancer drugs, the need
to identify novel resistance mechanisms has
increased significantly.

To this end, we have established a plat-
form for genome-wide genetic screens using
CRISPR-Cas9 technology in breast cancer cell
lines and tested a collection of cell cycle and
mitotic drugs. We discovered a new molecu-
lar mechanism of resistance for the drug rigo-
sertib. This mitotic inhibitor is highly contro-
versial due to the lack of a clear mechanism
of action. Rigosertib was once a promising
drug, but unfortunately did not reach the clin-
ic due to poor performance in clinical trials.
We have found that changes in osmotic stress
lead to changes in the response to rigosertib.
Interestingly, in recent years it has become




clear that rigosertib is primarily a microtu-
bule-destabilizing agent. We have also found
that changes in osmotic balance also result in
differential responses to microtubule-associ-
ated drugs. More importantly, we described
that the kinase WNK1, a master regulator of
ion homeostasis, is critical for modulating the
response to microtubule-associated drugs,
some of them being classical chemotherapeu-
tic agents for the treatment of many tumors.

Analysis of novel molecular mechanisms
for whole-genome duplication

tolerance in cancer.

Researchers involved: Sanz, Natalia; Escribano,
Marfa; Montes, Angela, Juan, Carla, Jaramillo,
Inés,; Fuentetaja Marina Victoria; Rubio, Diego
Chromosomal instability (CIN) is a hallmark of
cancer that correlates with tumor aggressive-
ness and poor prognosis. One of the most
important sources of CIN is whole genome
duplication (WGD), which occurs when cells
undergo polyploidization due to severe al-
terations in cell cycle progression. WGD can
have two very different outcomes. On the one

PUBLICATIONS:

hand, it can regulate tissue homeostasis in
organs such as the liver, heart, and stratified
epithelia, leading to a non-proliferative differ-
entiation program. In other words, WGD hin-
ders cell proliferation and may act as a tumor
suppressor. Conversely, WGD has also been
described as an early event in tumorigenesis,
leading to cancer aggressiveness and poor
prognosis.

Therefore, tumor cells that have under-
gone an early WGD event must overcome
its detrimental effects to proliferate. Despite
efforts by different research groups in re-
cent years, the question of how cells adapt
to WGD in the context of cancer remains un-
answered. Using an elegant genetic trick to
induce WGD in mouse cells, we identified a
genetic signature that may explain this par-
adoxical shift. We are exploring the possible
molecular mechanisms behind it. We found
that this genetic signature is particularly im-
portant in head and neck squamous cell car-
cinoma (HNSCC). We are therefore evaluating
this tumor context using preclinical models
and collaborating with HNSCC clinicians.

Monfort-Vengut A; Sanz-Gomez N; Ballesteros-Sanchez S; Ortigosa B;
Cambén A; Ramos M; Lorenzo AM; Escribano-Cebridn M; Rosa-Rosa JM;
Martinez-Lopez J; Sanchez-Prieto R; Sotillo R; de Carcer G. Osmotic stress
influences microtubule drug response via WNK?1 kinase signaling. Drug
Resist Updat. 2025 Mar;79:101203. DOI: 10.1016/j.drup.2025.101203.
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Jiménez-Suérez |; Sabater S; Fernandez-Aroca P; Andrés |; Cimas FJ; de
Carcer G; Belandia B; Palmero |; Huertas P; Ruiz-Hidalgo MJ; Sanchez-Pri-
eto R. The CDK12-BRCAT1 signaling axis mediates dinaciclib-associated ra-
diosensitivity through p53-mediated cellular senescence. Mol Oncol. 2025
Apr;19(4):1265-1280. DOI: 10.1002/1878-0261.13773.

Lépez-Sainz, R.; Ayala-Jimenez, E.; Sanchez-Belmonte, A: Ortega, S; Calei-
ras, E; Zarzuela, E; Isasa, M; Santiveri, CM; Campos-Olivas, R.; de Carcer,
G; Malumbres, M. Cyclin Y Overexpression Drives a Fatal Metabol-
ic Syndrome via Defective Glucose Homeostasis bioRxiv, 2025. DOI:
10.64898/2025.12.15.694124
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Overview

Cellular senescence is a complex biological
program characterized by a stable cell cycle
arrest and an exacerbated secretory pheno-
type, which plays a key role in diverse phys-
iological and pathological settings. Senes-
cence 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, senescence can also participate in
the control of cell balance and tissue homeo-
stasis in the context of normal 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
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 tumour suppressor barrier
that prevents tumour initiation, by blocking
the proliferation of cells with potentially on-
cogenic alterations. Conversely, the accumu-
lation of senescent cells in tumours, due to
therapeutical interventions or other factors,
is usually detrimental, being associated to in-
creased tumour growth, aggressiveness and
dissemination.

In our lab, we are interested in understanding
the mechanisms that control cell senescence,
its crosstalk with other essential cell process-
es, and how the disruption of the physiolog-
ical program of senescence may contribute
to cancer and other adult and developmental
diseases. To address these questions, we use
a combination of experimental approaches
that include cell biology, transcriptomics and
mouse models.

Senescence in physiological

and pathological development

We are interested in understanding the role
of cellular senescence in embryonic develop-
ment and developmental disorders. Our work
has focused on the human Branchio-Oto-Re-
nal (BOR) syndrome, a rare developmental
disorder (OMIM 113650, ORPHA 107) charac-
terized by hearing loss, renal anomalies and
defects in branchial arches closure, which is
linked to mutations in the SIX/EYA regulatory
pathway. Notably, we have previously shown
the keyrole of SIX1inadult cellular senescence
(Adrados, Oncogene, 2016, PMID 26500063,
De Lope, SciRep, 2019, PMID 30723235). With
this background, we have used Six1-deficient
mice, an animal model of the BOR syndrome,
to show that inner ear defects linked to this
syndrome are connected to the disruption
of the physiological senescence program




in this organ (De Lope, Development, 2023,
PMID 37017267). During this period, we have
continued the study of normal and aberrant
developmental senescence, using a combina-
tion of histological and advanced transcrip-
tomics approaches.

Senescence in cancer: Heterogeneity,
SASP and cell communication

A defining feature of senescent cells is the pro-
duction and release of a complex secretome,
known as the Senescence-Associated Se-
cretory Phenotype (SASP). The SASP plays a
central role in the communication of senes-
cent cells with neighbouring cells and tissue
microenvironment, mediating local and sys-
temic cell-extrinsic effects of senescence. Ac-
cumulating evidence indicates that the SASP,

PUBLICATIONS:

along with other core features of senescence,
is highly heterogeneous, due to the combina-
torial effect of multiple factors, including cell
type, senescence trigger, and spatiotemporal
context. Importantly, substantial cell-to-cell
variability is observed even within a single se-
nescence setting. We have previously shown
that dynamic changes in the SASP mediate
critical effects of senescence on fibroblast
cell plasticity (Lopez-Antona, Aging Cell, 2022,
PMID 35266275). Building on this, our work
during this period has focused on studying se-
nescence heterogeneity and its impact on cell
communication in the context of cancer, with
particular attention to time-resolved changes
and single-cell variability, aiming to deepen
our understanding of senescence heteroge-
neity and its functional consequences.

El Motiam, A.; Bouzaher, Y. H.; Chen, H.; Seoane, R.; Vidal, S.; Blan-
quer, M.; Tolosa, R. M.; Rodriguez-Lemus, B.; Herrera-Gavilan, J. A,;
Vidal, A.; Palmero, I.; Rodriguez, M. S.; Sutherland, J. D.; Barrio, R,;
Xirodimas, D.; Collado, M.; Bremner, R.; Rivas, C., SUMOylation of the
lysine-less tumor suppressor p14ARF counters ubiquitylation-depend-
ent degradation. Cell Death Dis 2025, 16 (1), 519. DOI: 10.1038/s41419-
025-07854-z
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Overview
Our research focuses on the development and
translational application of radiopharmaceuti-
cals for molecular diagnosis and targeted ther-
apy in oncology. Nuclear medicine provides a
unique platform for the non-invasive visualiza-
tion and quantitative assessment of biological
processes in vivo, enabling the characteriza-
tion of disease at the molecular level across
the entire body. By administering radiolabeled
compounds at sub-pharmacological doses,
nuclear imaging allows real-time evaluation of
tumor-associated biomarkers and pathways,
thereby complementing and extending con-
ventional anatomical imaging with functional
and molecular information. Radiopharmaceu-
ticals are uniquely positioned at the interface
of diagnosis and therapy. In oncology, they not
only support early tumor detection but also en-
able disease phenotyping, patient stratification,
therapy selection, and treatment response
monitoring. Moreover, the same molecular tar-
geting principles can be leveraged for targeted
radionuclide therapy, delivering cytotoxic radi-
ation selectively to cancer cells while sparing
healthy tissues. This theragnostic paradigm, in-
tegrating diagnostic imaging and therapy with-
in a single molecular framework, represents a
central pillar of precision oncology.

The Radiopharmaceuticals for Molecular
Diagnosis and Therapy group (RMDT) is ded-

icated to the design, synthesis and biological
evaluation of novel radiotracers and radio-
therapeutic probes, with particular emphasis
on malignancies of the gastrointestinal tract.
Our compounds are engineered to selectively
recognize cancer-specific biomarkers, ena-
bling imaging readouts that approximate his-
topathological characterization without the
need for invasive biopsies. Through quantita-
tive in vivo mapping of radiopharmaceutical
biodistribution, we aim to capture the spatial
and temporal heterogeneity of tumor biology
while preserving the integrity of underlying
biological systems.

Our research is inherently interdiscipli-
nary, integrating radiochemistry, molecular
and cell biology, medical physics, pharmacol-
ogy and translational oncology. We combine
advanced radiolabeling strategies, in vitro
mechanistic studies, nuclear imaging, dosim-
etry and quantitative image analysis to estab-
lish robust pipelines from target identifica-
tion to preclinical validation to ensure direct
clinical applicability. Ultimately, our goal is to
contribute to more precise, personalized, and
effective cancer management strategies by
expanding the repertoire of clinically relevant
radiopharmaceuticals and advancing the im-
plementation of theranostic approaches in
gastrointestinal and other solid tumors.




Identification and validation of imaging
biomarkers for the early diagnosis and
prognosis of gastrointestinal cancers
Researchers involved: Bagufia Torres, Julia
Gastrointestinal cancers, and especially pan-
creatic ductal adenocarcinoma (PDAC), remain
among the most lethal cancers due to late diag-
nosis, rapid progression and limited therapeu-
tic options. Conventional imaging techniques
primarily provide anatomical information and
often fail to detect early-stage disease or to ac-
curately capture tumour heterogeneity. Molec-
ular imaging offers the opportunity to non-in-
vasively visualize specific biological processes
associated with tumour initiation, progression
and therapeutic resistance.

This research line focuses on the identifi-
cation, biological validation and translational
evaluation of novel imaging biomarkers rele-
vant to gastrointestinal cancers. We investi-
gate tumour-associated receptors, metabolic
pathways, stromal components and microen-
vironmental features that can serve as selec-
tive molecular targets for radiopharmaceuti-
cal development. Special emphasis is placed
on pancreatic cancer, where early detection
and improved patient stratification are ur-
gent unmet clinical needs.

To achieve these goals, we integrate target
discovery approaches (immunohistochem-
ical analysis of patient samples), in vitro vali-
dation in relevant cellular models and in vivo
assessment using relevant preclinical imaging
systems. Quantitative imaging, biodistribution

studies and correlation with histopathology
are used to determine the diagnostic perfor-
mance and prognostic value of candidate ra-
diotracers. Ultimately, this line aims to ena-
ble earlier detection, refine risk stratification
and support personalized therapeutic deci-
sion-making in gastrointestinal oncology.

Development of innovative radiolabeling
strategies for biomolecules

and nanoconstructs

Researchers involved: Bagufia Torres, Julia,
Glynn, Thomas

This research line is dedicated to the design
and implementation of innovative radiochem-
istry approaches for the labelling of complex
biomolecules and nanoscale platforms with
diagnostic and therapeutic radionuclides. We
explore novel chelators, prosthetic groups,
click-chemistry strategies and site-specific
conjugation techniques to improve labelling
efficiency and in vivo stability. Attention is giv-
en to maintaining the functional integrity of
the targeting moiety and minimizing off-tar-
get accumulation.

In parallel, we investigate multifunction-
al nanoconstructs that enable multivalent
targeting, controlled pharmacokinetics and
potentially combined therapeutic payload
delivery. Radiochemical optimization is cou-
pled with physicochemical characterization,
stability testing, and biological evaluation to
establish standardized synthesis protocols
compatible with clinical translation.

Nuclear imaging-based tracking of
specificimmune cell subpopulations

for immunotherapy monitoring
Researchers involved: Bagufia Torres, Julia
Immunotherapy has transformed the treat-
ment landscape of several cancers. However,
therapeutic response remains highly variable
and difficult to predict. The dynamic behav-
iour, spatial distribution and functional state
of immune cell subpopulations within the
tumor microenvironment are critical deter-
minants of treatment efficacy. Non-invasive
tools capable of monitoring immune respons-
es in real time in vivo are therefore essential
for response monitoring, patient stratifica-
tion and immunotherapy development

and optimization.

This research line aims to develop nuclear
imaging strategies to track specific immune
cell subsets involved in anti-tumour immuni-
ty, such as cytotoxic T lymphocytes, T helper
cells, macrophages and natural killer cells.
We design and validate radiotracers that se-
lectively bind to immune-related markers or
directly label immune cells ex vivo for in vivo
tracking. Quantitative imaging is used to as-
sess immune cell infiltration and activation
status during immunotherapy, or trafficking
patterns of adoptive cell therapies.

By correlating imaging findings with ther-
apeutic outcomes and immunological pro-
filing, this work seeks to identify predictive
imaging biomarkers of response and resist-
ance. Ultimately, this approach will support

treatment monitoring, early response as-
sessment, drug development and optimiza-
tion of combination therapies in the context
of precision immuno-oncology.

Design of radiotheranostic agents
integrating diagnostic imaging

and targeted radiotherapy

Researchers involved: Bagufia Torres, Julia;
Glynn, Thomas

Radiotheranostic agents enable the use of
the same molecular target for both diagnostic
imaging and therapeutic intervention, facil-
itating patient selection, treatment planning
and response monitoring within a coherent
framework. Our work focuses on the design
and preclinical validation of radiotheranostic
agents directed against clinically relevant can-
cer biomarkers, with particular emphasis on
gastrointestinal tumours. We develop radio-
conjugates using peptide ligands, antibody
fragments or tumour-derived extracellular
vesicles as targeting vectors. These platforms
are engineered and structurally optimized
to achieve favorable pharmacokinetics, en-
hanced in vivo stability and maximal tumour
accumulation, thereby increasing radiation
dose deposition at the tumour site while min-
imizing off-target exposure.

Our approach includes systematic modifica-
tion of linker chemistry, chelator selection,
molecular size, charge, and hydrophilicity
to fine-tune biodistribution profiles and tu-
mour-to-background ratios. Diagnostic radio-




nuclides are used to quantify target expres-  Comprehensive in vivo evaluation encom-
sion and perform dosimetric calculations,  passes pharmacokinetic studies, quantitative
which guide the selection and optimization  imaging, radiation dosimetry and assessment
of corresponding therapeutic radionuclides.  of therapeutic efficacy and toxicity.

FUNDING:

New immuno-PET tools for personalised cancer diagnosis and immu-
notherapy management. RYC2023-043944-|. Agencia Espafiola de In-
vestigacion. 01/09/2025-01/09/2030. PI: Julia Bagufia Torres.

RadioSomes: Leveraging Cancer Communication for High-Precision Ra-
diotherapeutic Intervention in Pancreatic Cancer. PRDMA258696GLYN.
Asociacién Espafiola Contra el Cancer. 01/12/2025-01/12/2029. PI: Julia
Bagufia Torres.

AWARDS:

“RadioSomes: Leverging Cancer Communication for High Precision
Radiotherapeutic Intervention in Pancreatic Ductal Adenocarcinoma”.
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d’Hebron. Barcelona. 04/12/2025.
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Overview
Cell migration and invasion are essential pro-
cesses in physiology (development, immune
system function, wound healing, angiogene-
sis) and also in pathologies such as cancer.
Some tumour cells are able to move away
from the primary tumour mass, invade into
surrounding tissue, intravasate into the vas-
culature and eventually colonize other or-
gan(s), developing new tumours (metastases).
Rho GTPase signalling controls the cell
cytoskeleton through regulation of actin
polymerization and actomyosin contractil-
ity; both machineries are essential for cell
movement to take place. Non-muscle Myo-
sin Il (NMII hereafter) is a holoenzyme with
actin cross-linking and contractile proper-

Myosin, Therapy Resistance

ties. NMII activity is controlled by several ki-
nases. In particular, Rho-kinase (ROCK) pro-
motes phosphorylation of myosin light chain
(p-MLC2) that activates the NMII complex,
which drives contractile forces required for
migration, invasion and metastasis. Impor-
tantly, high NMII activity (p-MLC2) is found in
the invasive edge of cutaneous melanomas,
suggesting that these cells with high NMII ac-
tivity are the ones that will most likely dissem-
inate and eventually metastasise. Therefore,
efforts should be focused on targeting them
by blocking NMII activity.

Cutaneous melanoma is a highly aggres-
sive and metastatic skin cancer with poor
prognosis if diagnosed late. Cutaneous mel-

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 (BRAF®% being the most
common, 50% patients) and RAS (20% pa-
tients). Mutant BRAF constitutively activates
ERK signalling that drives cancer cell prolif-
eration and tumour progression. Targeted
therapies using BRAFY®t inhibitors (BRAFi)
and also in combination with MEK inhibitors
increase survival of BRAFV600E melanoma
patients. Unfortunately, responses are tem-
porary 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
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: Durdn,M.; Sdnchez, L.,
Orgaz, .

This research line is focused on studying how
NMIl 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: Garcia, A, Delgado, A,
Orgaz, J.

In this research line we are investigating how
NMIl is regulated during adaptation and re-
sistance to MAPK-targeted therapy.

Identifying vulnerabilities

to eradicate cutaneous melanomas
Researchers involved: Sdnchez, L.; Orgaz, J.

This research line is focused on studying the
different outcomes and vulnerabilities after
perturbation of the cytoskeleton in cutane-
ous melanoma, and how this could be used
to implement second-line and/or combina-
tion therapies to eradicate melanomas.




PUBLICATIONS:

Maiques, O.; Sallan, M.C,; Laddach, R.; Pandya, P.; Varela, A.; Cro-
sas-Molist, E.; Barcelo, J.; Courbot, O.; Liu, Y.; Graziani, V.; Arafat, Y.;
Sewell, J.; Rodriguez-Hernandez, I.; Fanshawe, B.; Jung-Garcia, Y.; Im-
bert, P.R.C,; Grasset, E.M.; Albrengues, J.; Santacana, M.; Macia, A.; Tar-
ragona, J.; Matias-Guiu, X.; Marti, R.M.; Tsoka, S.; Gaggioli, C.; Orgaz,
J.L,; Fruhwirth, G.O.; Wallberg, F.; Betteridge, K.; Reyes-Aldasoro, C.C,;
Haider, S.; Braun, A.; Karagiannis, S.N.; Elosegui-Artola, A.; Sanz-More-
no, V. Matrix mechano-sensing at the invasive front induces a cytoskel-
etal and transcriptional memory supporting metastasis. Nat Commun.
2025, 76:1394, 1-23. DOI: 10.1038/s41467-025-56299-7.
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Angel Delgado Lépez

Final degree’s project. Regulacion del citoesqueleto de miosina durante
la adaptacion a terapias dirigidas en melanoma. Universidad Autonoma
de Madrid. 2025. Supervisor: Jose Luis Orgaz Bueno. Grade: 7,8
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“Identifying strategies after targeting the cytoskeleton to eradicate cu-
taneous melanomas. CNS2023-143636". Ministerio de Ciencia, Inno-
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Overview

The Genomic Biomarkers and Precision On-
cology group focuses on the identification and
functional characterization of prognostic and
predictive biomarkers, as well as the discovery
of cancer susceptibility genes, with a primary
emphasis on ovarian cancer (OC). The group
maintains a strong translational approach,
bridging large-scale genomic data and clinical
decision-making. Key strengths include access
to unique, well-curated ovarian cancer co-
horts—encompassing familial cases and rare
histological subtypes—combined with strong
expertise in advanced genomic technologies.
Participation in major international consortia
such as OTTA and OCAC also provides access
to unique resources and datasets and inter-
national visibility. Epithelial ovarian cancer
remains the leading cause of gynecological
cancer-related death in developed countries,
with a five-year survival rate of approximately
45%. Identifying biomarkers that predict dis-
ease evolution and treatment response is cru-
cial. As for familial ovarian cancer, although
several risk genes have been identified, over
half of hereditary susceptibility remains unex-
plained. Defining the causal gene in each fam-
ily is essential for prevention, early detection,
and personalized therapy, including the use
of PARP inhibitors in BRCA-mutated patients.
With these challenges in mind, our main re-
search lines include:

Definition of prognostic and predictive
biomarkers in endometrioid

and clear cell ovarian cancer

Current molecular prognostic classifiers do
not accurately stratify outcomes for most
endometrioid (EOC) and clear cell (CCOCQ)
ovarian cancer patients, and chemotherapy
resistance greatly limits treatment options in
advanced disease. Given the prevailing “one-
size-fits-all” approach for these subtypes,
our research aims to: i) develop an improved
molecular prognostic classifier with sufficient
resolution for effective clinical implementa-
tion, and ii) identify actionable molecular vul-
nerabilities to guide targeted therapies. Our
recent results indicate that EOC and CCOC
tumors previously categorized as having a
Non-Specific Molecular Profile (NSMP) can
be further stratified into clinically distinct
subgroups based on levels of chromosomal
instability (CIN). By using CIN signatures (Fig.
1) we are currently dissecting the biological
mechanisms underlying CIN-driven differen-
tial prognosis, which may also reveal actiona-
ble predictive biomarkers.

Identification of novel ovarian cancer
susceptibility genes

TIn this second line of research, we aim to iden-
tify novel moderate-risk genes in non-BRCA
(BRCAX) ovarian cancer families to reduce the
unresolved inherited OC risk and improve ge-




netic counselling, early detection, prevention,
and precision treatment strategies. We are ap-
plying an innovative, agnostic approach based
on CIN signatures, which are closely linked to
tumour biology and may reveal novel driving
mechanisms in BRCAX tumours. Unlike tradi-
tional homologous recombination-focused
strategies, we propose that this pathway-inde-
pendent framework will enable unbiased dis-
covery of moderate-risk variants.

Prediction of mismatch repair deficiency
in ovarian cancer

Mismatch repair deficiency (MMRd) occurs in
~15% of EOC and CCOC and identifies patients
eligible for immune checkpoint inhibitors, yet
current diagnostic assays, originally designed
for colorectal cancer, have lower sensitivity
and specificity in OC. We have identified the
combined activity of two specific indel muta-
tional signatures as the most robust genomic
marker of MMRd across ovarian, colorectal,
and endometrial cancers. With our CNIO col-
laborators, we have subsequently developed

PUBLICATIONS:

a machine-learning-based predictor that
outperforms gold-standard assays and most
existing NGS methods, while remaining com-
patible with small routine clinical gene pan-
els, thereby improving immunotherapy strat-
ification and Lynch syndrome detection.

Identification of KMT2C- and PTEN-driven
vulnerabilities in clear cell ovarian cancer
This line of research aims to establish a molec-
ular rationale for the use of PARP inhibitors in
CCOC, where clinical evidence remains limited.
Using CRISPR-Cas-based functional assays in
CCOC cell lines, we are assessing the predic-
tive value of KMT2C and/or PTEN loss—alone
and in combination—and examine the modu-
latory role of co-altered ARID1A. In parallel, we
are investigating how genomic and clinical fea-
tures relate to antibody-drug conjugate (ADC)
target expression. Altogether, we propose that
this research line will allow the identification
actionable vulnerabilities and enable biomark-
er-driven personalized therapies for this ag-
gressive ovarian cancer subtype.

Fu, Z,; Borho L.; Taylor, S.E.; Kelemen, L.E.; DeFazio, A.; Webb, P.M.; Ko-
bel, M.; Meagher, N.S.; Na, R.; Antoniou, A.C.; Brand, A.H.; Kennedy, CJ.;
Nevins, N.; Pharoah, P.D.P.; Shvetsov, Y.B.; Winham, SJ.; Alsop, J.; Beck-
mann, M.W.; Bolithon, A.; Boros, J.; Bowtell, D.D.L.; Brenton, J.D.; Carney,
M.E.; Chudecka-Gfaz, A.; Cook, L.S.; Cybulski, C.; Fasching, P.A.; Fereday, S.;
Fortner, R.T.; Garcia, M ).; Goode, E.L.; Goodman, M.T.; Gronwald, J.; Hart-

mann, A.; Hernandez, B.Y.; Hagdall, E.; Huntsman, D.G.; Jensen, A.; Jimen-
ez-Linan, M.; Joseph, J.M.; Karlan, B.Y.; Kaznowska, E.; Kjaer, S.K,; Kluz, T.;
Koziak, J.M.; Lester, J.; Longacre, T.A,; Lycke, M.; McGuire, V.; Moysich, K.B.;
Murphy, R.A,; Orsulic, S.; Ramus, S.J.; Rodriguez-Antona, C.; Rothstein, JH.;
Samra, S.; Sieh, W.; Steed, H.; Sundfeldt, K.; Talhouk, A.; Ucinski, J.; Wang,
C., Wentzensen, N.; Whittemore, A.S.; Wilkens, L.R.; Songer, T.; Brooks,
M.M.; Tang, L.; Modugno, F. Ovarian cancer risk and survival according to
tumor sex hormone receptor expression: An ovarian Cancer association
consortium and ovarian tumor tissue analysis consortium pooled analy-
sis. Gynecol Oncol. 2025, 798:112-129. DOI: 10.1016/j.ygyno.2025.05.013.
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Master’s thesis. Characterization of pathogenic mutations in tumor samples
from high-risk ovarian cancer patients using a targeted next- generation se-
quencing multigene panel. Universidad Autbnoma de Madrid. 2025. Super-
visor/s: Maria J. Garcia Pérez.
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ClU. 2024-2027
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The METCAN research group at the Instituto de Investigaciones Biomédicas Sols-Morreale focuses on the molecular mechanisms of tumor
aggressiveness, bridging basic cancer biology and preclinical modeling to develop safer, more effective treatments for aggressive digestive tumors.

Decoding Tumor Aggressiveness

=,
Chromosomal Instability

2 %\‘\ (CIN) as a Driver

% —g Mitotic checkpoint deregulation,
specifically proteins MAD2 and

BUBR1, triggers tumor hetero-

genelty and malignancy.

/@4 Focus on Cancer Stem
Cells (CSCs)

fr
.
Ei — @ Research targets the balance of

- k;i.,: CSC self-renewal to prevent

Translational
Preclinical Models
Use of patient-derived
organoids and xenografts to
evaluate treatment efficacy
and toxicity.

< Return to index

therapy failure and turnor progression.

Innovative Metal-Based Therapeutics

Overcoming Cisplatin
Resistance

New Trans-Platinum(ll)
complexes show high activity
in tumors where conventional
p53-dependent therapies fail.

Synergistic Metal-Ligand
Conjugates

Combining metal centers (Cu,
Pd, Pt) with biospecific ligands
increases drug uptake and
effectiveness.

Toxicity {
Innovative compounds are de- [
signed to minimize hematopoietic 1/ }
and vascular side effects |
common in chemotherapy.

|

LY

& \ Reducing Systemic /(_L

|

- /A
! L) ",:'1 |-|| \}

' ;Jif

] JU

RESEARCH LINES:

Overview

Our group focuses on understanding the
molecular mechanisms underlying tumor ag-
gressiveness and therapy resistance in diges-
tive cancers, with a particular emphasis on
gastric cancer and pancreatic ductal adeno-
carcinoma. Our research is centered on the
role of chromosomal instability as a major
driver of tumor heterogeneity, cancer stem
cell maintenance and treatment failure.

A central objective of the group is to iden-
tify vulnerabilities associated with chromo-
somal instability and cancer stem cell biology
that can be exploited for therapeutic inter-
vention. To achieve this goal, we combine
mechanistic studies with the development
and preclinical evaluation of innovative met-
al-based anticancer compounds, including
copper- and platinum-derived complexes,
aimed at overcoming chemoresistance and
eliminating cancer stem cell populations.

Our approach integrates advanced cel-
lular and patient-derived models, such as
organoids and xenograft-based systems,
with multi-omics analyses and functional as-
says to assess therapeutic efficacy as well as
treatment-associated side effects. In particu-
lar, the group places strong emphasis on the
evaluation of endothelial dysfunction and
hematopoietic toxicity, contributing to the
development of safer and more effective an-
ticancer strategies.

Through national and international collab-
orations, the group adopts a translational
perspective that bridges basic cancer biology,
preclinical modeling and biomarker discov-
ery, with the ultimate goal of supporting per-
sonalized therapeutic approaches in aggres-
sive digestive tumors.

Research Lines

Building on the integrative approach de-
scribed above, the group develops its research
through the following interconnected lines:

1. Chromosomal Instability and Cancer
Stem Cell Biology in Digestive Tumors

This research line focuses on dissecting the
molecular mechanisms by which chromo-
somal instability promotes cancer stem cell
maintenance, tumor heterogeneity and ther-
apeutic resistance in aggressive digestive
cancers, particularly gastric cancer and pan-
creatic ductal adenocarcinoma. The group
investigates alterations in mitotic control,
stress-response pathways and metabolic ad-
aptations that sustain stemness and tumor
progression.

Researchers involved: M. 1.

Sdnchez-Pérez, C. Calés,

P. Delgado, MP. Rivera
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2. Development of Metal-Based Therapeu-
tic Strategies Targeting Cancer Stem Cells
This line is dedicated to the design, characteri-
zation and preclinical evaluation of innovative
metal-based anticancer compounds, includ-
ing copper-, palladium- and platinum-derived
complexes. The aim is to develop therapeu-
tic strategies capable of selectively targeting
cancer stem cell populations, overcoming re-
sistance to conventional chemotherapy and
inducing tumor cell death while minimizing
systemic toxicity.

Researchers involved.: M. |.

Sanchez-Pérez, C. Calés,

P. Delgado, MP. Rivera

PUBLICATIONS:

3. Translational Preclinical Models,
Biomarkers and Treatment Safety

This research line integrates advanced pre-
clinical models with multi-omics and func-
tional analyses to evaluate therapeutic effi-
cacy and identify predictive biomarkers of
response. A key component of this line is the
assessment of treatment-related side effects,
with particular emphasis on endothelial dys-
function and hematopoietic toxicity, in order
to support the development of safer and
more personalized therapeutic approaches.
Researchers involved: M. |. Sanchez-

Pérez, C. Calés, |. Melones, S. Prie-

go, F. Gonzdlez, S. Spagnoli.

DOCTORAL THESES AND OTHER WORKS:

Jorge Melones Herrero

Ph.D. thesis. Caracterizacion Biomolecular y Evaluacion del Efecto Anti-
tumoral de los Yodocomplejos de Platino (ll): trans y cis-[PtI2(isopropil-
amina)2]. Universidad Auténoma de Madrid.2025 Supervisor/s: Ado-
racion. Gomez Quiroga e Isabel Sanchez Pérez. Grade: Sobresaliente
Cum Laude. International Doctoral Mention.

Susana Priego Gutierrez

Master’s thesis: In vitro study of the Unfolded Protein Response triggered
by cis-[Ptl (isopropylamine),] and its correlation with cell death in gastro-
intestinal tumor cell cultures Universidad Auténoma de Madrid. 2025.
Supervisor/s: Isabel Sdnchez Pérez. Grade: Sobresaliente

M? del Pilar Rivera Cabrera

Master’s thesis: Efecto de nuevos compuestos metdlicos con Pt in vitro.
Universidad Auténoma de Madrid. 2025. Supervisor/s: Isabel Sanchez
Pérez. Grade: Notable

Melones-Herrero, Jorge, Aguilar-Rico Francisco,. Matesanz Ana |, Calés FUNDING:
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bi0.2025.112923.

New metal complexes as molecular targets and preclinical cancer mod-
els. 2023-2026 PID2022-1373730B-100. Ministry of Science and Innovation
(MICINN). PI: A. Gdmez Quiroga and M Isabel Sanchez Pérez
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Toldos-Torres, M, Garcia-Castro, L, Sanchez-Dominguez, R, Alberquilla, O,
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, Sastre, L . Premature ageing of lung alveoli and bone marrow cells from
Terc deficient mice with different telomere lengths. Sci Rep. 2025, V-15 (1):
6102. DOI :10.1038/s41598-025-90246-2
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Overview

Over the years, our laboratory has been in-
terested in understanding the molecular
mechanisms that regulate thyroid function
and how these are altered in thyroid can-

cer. We have identified the main molecular
mechanisms that lead to the transformation
of normal thyroid follicular cells into invasive
thyroid carcinoma.

Thyroid differentiation depends on the
expression of genes involved in iodine me-
tabolism, which are essential for the biosyn-
thesis of thyroid hormones and constitute
the basis for radioactive iodine treatment in
thyroid tumors. However, some tumors pro-
gress to a metastatic disease that is refracto-
ry to radioactive iodine therapy due to loss of
differentiation. Understanding the molecu-
lar basis underlying this progression toward
more aggressive and metastatic forms of the
disease has been the focus of our research in
recent years.

One of the most important genes involved
in iodine metabolism is the Sodium/lodide
Symporter, known as NIS. Our most recent
work on NIS has been conducted in collabo-
ration with Dr. Antonio de la Vieja from Endo-
crine Tumors Unit (UFIEC), Instituto de Salud
Carlos Ill.

1. Radioiodine therapy for the treatment
of ovarian cancer

Researchers involved: Santisteban, Pilar

This study provides new preclinical evidence
suggesting that radioiodine (I-131) therapy—
commonly used for thyroid cancers—could be
a promising alternative treatment for ovarian
cancer by targeting a novel molecular marker:
the NIS protein. Using animal models, the re-
search explores exploiting the tumor’s expres-
sion of NIS (sodium/iodide symporter), which
can transport and accumulate iodine in cells,

to selectively direct the effects of radioiodine
to the cancer cells.

Ovarian cancer is the gynecological malig-
nancy with the highest mortality rate. Despite
the availability of several therapeutic options,
overall survival remains low, and recurrence
rates are high, with no significant improve-
ments in treatment outcomes. In this context,
a targeted therapeutic strategy based on the
NIS protein has been explored. This approach
has the potential not only to treat ovarian
cancer but also to monitor disease progres-
sion using non-invasive imaging techniques.

The most relevant finding of the study
is that, in murine models of ovarian cancer,
the administration of a therapeutic dose of
radioiodine 1-131 resulted in a significant re-
duction in tumor volume and, in some cas-
es, complete tumor disappearance after the
follow-up period. Furthermore, when com-
pared with commonly used chemotherapeu-
tic agents such as cisplatin and paclitaxel,
radioiodine demonstrated greater antitumor
efficacy and fewer adverse effects in treated
animals. Since NIS expression was not com-
pletely lost after chemotherapy, these find-
ings open the possibility of investigating com-
bined or sequential therapeutic approaches
in the future.




PUBLICATIONS:

Mielu, L.M., Rodal-Bravo L.; Diego-Hernandez, C.; Varona, S.; Fajardo-Del-
gado, D.; Hortiguela, R.; Torres-Ruiz, M.; Cuesta, I.; Pallares, P.; Santiste-
ban, P.; Garcia-Jiménez, C.; Martin-Duque, P.; De la Vieja, A.Targeted ra-
dioiodine therapy of ovarian cancer via the sodium/iodide symporter
(NIS). Biomed Pharmacother. 2025 Dec;193: 118873. DOI: 10.1016/j.bio-
pha.2025.118873. Epub 2025 Dec 10.

FUNDING:

“Estudio de la heterogeneidad celular y del entorno inmunoldégico en
las patologias tiroideas: cancer y enfermedad autoinmune. Entidad
Financiadora: Programa de Biomedicina Comunidad de Madrid 2023-
2022 IP coordinator: Mercedes Robledo (CNIO), Pilar Santisteban, As-
sociated Researcher.

“Efectos de la Vitamina D sobre las células troncales y el microambi-
ente tumoral en cancer de colon: diferenciacion, metabolismo y comu-
nicaciéon intercelular” Financiado por MICIN, 2023-2026. IPs, Alberto
Mufioz, Maria Jesus Larriba. Pilar Santisteban. Team researcher.



Bioinformatics and
Computational Biology
of Cancer Evolution

TENURED SCIENTIST

Diaz Uriarte, Ramoén
(Catedréatico de Universidad, UAM).
Group Coordinator

CONTRACT RESEARCHER
Idmbarek, Asmaa

UNDERGRADUATE STUDENT
Barreiro Fernandez, Marco

KEYWORDS

Cancer progression models,
Computer simulation,
Evolution, Evolutionary

accumulation models, Statistics

(e) Hypercubes

(stochastlc dependencaes)

110

S %
o

\./\l/

(a)oT
Trea of gane {vant) resiricions Mutaticnal path
Root WT
1Al 18}
B ¥
l., (AB) {AC)
c {ABC)
Pi{A}) =aoa (1 - mog) (1 —@ac)
PUACYH =mpa (1 = mop) Tac
(c)CBN
Mutational path
DAG of gane (event) restrictions WT
Root AN
fa f.g
/A \‘ " @
Y
A B {AB) (8.0}
X ,‘/ N / \J /\
{AB.C) {A.B.0}
C D \.’ /_:\_
{ABCD}
JWTY AT (8F JAEF_(BEDT (ABLT (A0 (AECDT
TwWTy L ha
1A} A
{8} [
148} A A
{B.0} A

E(bn‘? IoncIOBN Mutational path
: Root . s
[A] 18}
/ +
1A.B] B0}
/ \, + \ ¥
[ABC) (A.8,0}
tHI- B il - | \ /
3 ([A.CH =D AB.C.D)
POPUABY = 0 fg (1= 8h (1l = fip)
{ Root el
i ; AN
AC) (L] {B.C) 8.0}
RN
c o ABCH ABD]
PUAD =4 (1= 0g) (1-6¢) \ ‘K

PULALCY) =t (1 i) i (AB.CO}
PU{ABY) = a4 iy () — r.r( IR )

TR ESBCN MTIM

DG e e et
Root / \
= Sngs ]

DE [ABCHABD) [BDE)

_.f" i
) 1 E

TWTT (AT (0F [ADOF (ADY T{AKEF {BOT
A [

[ABCD)

AREY (ABCY (A E0F  (ADE] {80 {ABCOT

Ag L Re
Ax Ap

| ommohmomDEE> =

T
Loty

RESEARCH LINES:

Overview

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 estimzate tumor
predictability and to make predictions about
tumor evolution (both overall evolutionary
paths and conditional predictions of next
stages conditioned on the current observa-

tion); ¢) whether these methods could guide
the choice of therapeutic targets and the ap-
plication of adaptive therapy; d) addressing
the above problems using simulation-based
inference. As part of this work, we devote
considerable effort to software implementa-
tion; in particular, forward genetic simulation
of clonal evolution (which is crucial for the as-
sessment of the statistical performance of the
methods studies and for simulation-based
inference), and the development of unified
interfaces for the analysis of cross-sectional
data with cancer progression models (essen-
tial to compare different methods and to al-
low other researchers 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.
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Overview

This laboratory investigates the molecular
mechanisms of cellular transformation and
their impact on therapeutic efficacy in cancer.
Our research integrates cell culture models,
genetically engineered animal studies, and
clinical tumor sample analysis. Methodolog-
ically, we employ a combination of molecu-
lar and cellular biology techniques, precision
gene perturbation (e.g., CRISPR/Cas, shRNA),
and multi-omics profiling (including RNA-seq
and whole-exome sequencing). The ultimate
objective of this work is to advance diagnos-
tic paradigms and inform the development of
more effective, mechanism-based therapeu-
tic interventions in oncology.

Molecular Determinants of Radio-
and Chemoresistance
Researchers involved: Sanchez Prieto Ricardo,
Belandia Gomez
Our research group has more than three dec-
ades of experience investigating the molecular
mechanisms underlying resistance to chemo-
therapy and radiotherapy. In recent years, our
work has focused specifically on elucidating
the molecular basis of radioresistance and on
developing strategies to enhance the thera-
peutic efficacy of radiotherapy.

Radiotherapy represents a cornerstone of
cancer treatment, benefiting over 50% of can-
cer patients and serving as the treatment of

choice in numerous clinical contexts. Never-
theless, the emergence of radioresistance—
either intrinsic or acquired following expo-
sure to ionizing radiation—constitutes a
major clinical challenge, frequently resulting
in tumor recurrence and treatment failure.

To address this limitation, we are current-
ly generating radioresistant cellular models
through repeated exposure to ionizing radia-
tion, thereby recapitulating clinically relevant
scenarios of acquired radioresistance. These
models will be comprehensively character-
ized using whole-exome sequencing (WES)
and transcriptomic profiling (RNA-seq). In
parallel, genome-wide CRISPR/Cas9 screening
approaches will be applied to identify genes
that are essential for the survival and main-
tenance of the radioresistant phenotype.
Together, these complementary strategies
aim to identify novel biomarkers of radiore-
sistance as well as previously unrecognized
therapeutic vulnerabilities, ultimately con-
tributing to the development of more effec-
tive and personalized radiotherapy-based
cancer treatments.

As a complementary research line, we are
evaluating novel targeted therapies as poten-
tial radiosensitizing agents. Cellular respons-
es to ionizing radiation are assessed across
multiple experimental models, with particu-
lar emphasis on the DNA damage response




and molecular targets implicated in radiosen-
sitization. Our approach integrates in silico, in
vitro, and in vivo studies with radiobiological
and omics-based analyses to identify new ra-
diosensitizing compounds capable of improv-
ing the precision and personalization of radi-
otherapy strategies.

Cell Signalling Pathways in Sarcoma
Pathogenesis and Treatment

Researchers involved: Sanchez Prieto Ricardo,
Belandia Gomez

Sarcomas comprise a highly heterogeneous
group of malignancies originating from con-
nective tissues that provide structural and
functional support throughout the body. To
date, more than 150 sarcoma subtypes have
been described, arising from fibrous, muscu-
lar, adipose, cartilaginous, osseous, vascular,
or lymphatic tissues. As a result, sarcomas can
develop in virtually any anatomical location.
Clinically, they are classified into soft tissue
sarcomas (STS) and bone sarcomas (osteo-
sarcomas). Gastrointestinal stromal tumors
(GISTs) represent a distinct subset of soft tis-
sue sarcomas with unique diagnostic and
therapeutic characteristics.

Although sarcomas account for approxi-
mately 1% of adult malignancies, they repre-
sent nearly 15% of cancers diagnosed in pedi-
atric patients. Despite their clinical relevance,
the molecular mechanisms driving sarcoma
initiation and progression remain poorly un-
derstood, and therapeutic options are limited.

Our previous studies have demonstrated a
critical role for the ERK5 signaling pathway in
sarcomagenesis induced by the chemical car-
cinogen 3-methylcholanthrene (3MC) in mu-
rine models. Transcriptomic analyses (RNA-
seq) revealed more than 500 differentially
expressed genes in ERK5-deficient tumors,
many of which are involved in key oncogenic
processes, including angiogenesis, cell motili-
ty, cell adhesion, genomic stability, and tran-
scriptional regulation. These findings support
an oncogenic role for ERK5 and underscore its
relevance in sarcoma diagnosis and therapy.

We have functionally validated several
ERK5-regulated genes, including KLF2 and
VCAN, as critical mediators of tumorigene-
sis. Notably, we have recently demonstrated
that VCAN is a direct transcriptional target
of the ERK5 pathway in soft tissue sarcomas
and accounts for approximately 30% of the
ERK5-regulated gene program, particularly
those associated with cell motility and vas-
cular development. Clinical validation using
human tumor samples revealed significant
overexpression of VCAN and a strong corre-
lation with ERKS5 expression in aggressive
sarcoma subtypes, such as leiomyosarcoma
and undifferentiated pleomorphic sarcoma.
These findings identify the ERK5-VCAN axis
as a promising novel therapeutic target in
soft tissue sarcomas.

The primary objective of this research
line is to establish human cellular models de-
ficient in ERK5 and/or ERK5-regulated genes

using gene interference approaches (CRISPRi,
shRNA) and gene-editing technologies (CRIS-
PR/Cas9). These models will enable the iden-
tification of ERK5-dependent gene signatures
through comprehensive transcriptomic pro-
filing. In parallel, analogous analyses will be
conducted using selective pharmacological
inhibitors of ERK5 to distinguish genes reg-
ulated by its kinase-dependent activity from
those regulated through kinase-independent
mechanisms.

This integrated strategy aims to identify
novel therapeutic targets suitable for pharma-

cological intervention. Candidate gene signa-
tures will be validated in the context of tumor
biology, diagnostic relevance, and therapeutic
response, including chemo-, radio-, and immu-
notherapy. Finally, the expression patterns of
selected candidate genes will be evaluated in
human sarcoma biopsy samples.

Collectively, these studies will facilitate the
identification of new biomarkers and therapeu-
tic targets, thereby advancing the development
of personalized diagnostic and treatment strat-
egies for sarcomas—an underexplored and
clinically challenging group of malignancies.
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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.

ed with extreme human longevity.

In our laboratory, we've developed
cutting-edge screening technologies
to monitor the activity of the PI3K/
AKT/FOXO signaling pathway. Utiliz-
ing these tools, we've identified and
characterized numerous genetic and
pharmacological approaches to ma-
nipulate the activity of FOXO proteins.
One of our most significant break-
throughs came with the discovery of
the FOXO repressor protein TRIB2 as
a novel oncogene in melanoma. TRIB2
belongs to the Tribbles family of pseu-
dokinases and plays a critical role in
conferring resistance to anticancer
drugs through direct interaction with
AKT. Notably, TRIB2 is often overex-
pressed 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 therapeutic potential
of these small molecule FOXO modulating com-
pounds, we founded Refoxy Pharma, a biotech
company with locations in Berlin and Boston
(www.refoxy.com). Additionally, we're working
on developing Nuclear Export Inhibitors as po-
tential anti-cancer drugs. Our team has devised
a multiplexed high-content screening platform
for the systematic evaluation of small molecule
inhibitors 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

Understanding and targeting of FOXO
transcription factors in cancer and aging
Researchers involved: Link Wolfgang, Jiménez
Gomez Lucia, Sastre Arcones, Marta

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, de la Rocha Mufioz, Andrés, Amendbar
Blazquez, Carlos, Mansi Mashhour, Neveen,

Ruiz Marti, Alicia, Kyriakou, Panagiota

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
Gomez Lucia, Mourato Paulo, Cristiana

Nuclear export receptor CRM1 binds nuclear
export signals (NESs) present in many cellu-
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
available inhibitors which poison the CRM1
protein. This approach is also relevant for the
development of antiviral drugs.
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Overview

Our laboratory investigates the cellular and
molecular mechanisms underlying autoim-
mune diseases and cancer, with a central
focus on immune tolerance. In particular,
we study the role of microRNAs (miRNAs)
and their target genes in regulating immune
responses. These small regulatory RNAs or-
chestrate gene networks that are essential

Burgos Diaz, Lucia
Calderon Sacristan, Rocio

KEYWORDS
B cell tolerance, Tumor immunology, Autoim-
mune diseases, microRNAs, T cell responses.

for maintaining self-tolerance, preventing au-
toimmunity, and enabling effective antitumor
immunity. By identifying and characterizing
novel regulatory mechanisms, we aim to ad-
vance our current understanding of adaptive
immunity and contribute to the development
of new biomarkers and therapeutic strategies
for autoimmunity and cancer.

Regulatory mechanisms of B cell
tolerance and autoimmunity

Researchers involved: Gonzalez-Martin, Alicia;
Lacadena Diaz-Varela, Jaime; Gdmez Reche,
Laura; Tapia Narvdez, Juan Carlos;

Herrero Ferndndez, Beatriz; Moreno

Jerez, Alba, Gallego Alonso, Lucia.

This research line focuses on deciphering
how miRNAs regulate B cell tolerance. Over
the past months, we have investigated miR-
NA networks controlling B cell tolerance. We
identified a novel miRNA that regulates this
process and elucidated its mechanism of ac-
tion. Through integrative analysis of down-
stream effectors within the miRNA network,
we also uncovered a previously unknown
regulatory mechanism that modulates B cell
tolerance in a sex-dependent manner. In ad-
dition, we conducted a systematic analysis of
a specific miRNA targetome, which showed
that it regulates B cell tolerance through a
remarkably small number of target genes, a
fundamental question largely debated in the
field with relevant therapeutic implications.

PUBLICATIONS:

MicroRNA control of adaptive

immunity in cancer

Researchers involved: Gonzalez-Martin, Alicia,
Mendieta Homs, Marina, Cordero Pedrero, Carla;
Jiménez Sdnchez, Ana, Calderon Sacristdn, Rocio,
Burgos Diaz, Lucia.

The objective of this line of research is to estab-
lish how miRNAs regulate adaptive immunity
to tumors and harness their activity to improve
cancer immunotherapy. Over the past period,
we have identified a specific miRNA that sup-
presses tumor progression in preclinical mod-
els of lung cancer and melanoma through its
effects on T lymphocytes, and characterized its
cellular and molecular mechanisms of action.
Notably, we have also established that elevated
levels of this miRNA at the tumor site correlate
with a more favorable prognosis in patients
with these malignancies, through bioinformat-
ic analyses of public datasets. Furthermore,
we conducted an in vivo functional screen that
identified a different miRNA that promotes tu-
mor growth, currently under investigation.
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Overview

Obesity is a global problem: over 40% of the
worldwide population is currently affected by
overweight or obesity, and forecasts estimate
that this prevalence will continue to increase
in the coming years. The close relationship
between metabolism and the immune sys-
tem (immunometabolism) plays an essential
role in the development of obesity and relat-
ed comorbidities, including type 2 diabetes
mellitus (T2D), metabolic dysfunction-asso-
ciated steatotic liver disease (MASLD) and

Obstructive Sleep Apnea (OSA). Among the
tissues involved in metabolic control, the liv-
er is a target organ for the proinflammatory
mediators from the gut (endotoxins) and/or
adipose tissue (cytokines, adipokines, free
fatty acids and reactive lipid species) and,
furthermore, this organ capable of recruiting
circulating monocytes that, together with the
resident macrophages (Kupffer cells), contrib-
ute to exacerbate the intrahepatic inflamma-
tory response. These conditions determine




the progression of MASLD, a disease with a
high incidence in the obese and insulin-resist-
ant population that begins with accumulation
of fat in the liver (steatosis) and progresses
to steatohepatitis (MASH), fibrosis, cirrho-
sis, and ultimately, hepatocellular carcinoma
(HCC). Our group investigates the molecular
bases of the development of obesity and co-
morbidities, with a major focus in the liver,
adipose tissues (white and brown) and pan-
creas. To achieve this, we use cellular mod-
els (i.e. hepatocytes, Kupffer cells, stellate
cells, liver progenitor cells, endothelial cells,
pancreatic islets), 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 peptides multiagonists of incretin re-
ceptors and inhibitors of IL1[3, to prevent or
reverse obesity and MASLD. Other pharma-
cological targets of interest are the protein ki-
nase D family, the BMP (bone morphogenet-
ic 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 incretin secretion and glyce-
mic control. Regarding liver pathophysiology,
our group aims to decipher new mediators
and mechanisms involved in acute liver fail-
ure (ALF), as well as in biliary diseases includ-
ing primary biliary cholangitis (PBC) and pri-
mary sclerosing cholangitis (PSC).

Novel regulatory nodes of acute

and chronic liver diseases:

protein kinase D2 (PKD2)

Researchers involved: Elena Carceller, Aguec/a
Gonzdlez Rodriguez, Teresa Iglesias, Angela
Martinez Valverde, Patricia Rada,

Protein kinase D family (PKD1, PKD2, PKD3) is
emerging as relevant regulator of metabolic
homeostasis in a tissue-dependent manner.
However, the precise role of PKD2 in hepat-
ic diseases has not been fully elucidated and
is the focus of this research line. The gener-
al objective of this research line is to unravel
an unknown role of PKD2 as a key player in
the inflammatory processes associated with
acute or chronic liver damage linked to pathol-
ogies of high incidence in humans. Taking
into account our previous data, we hypothe-
size that modulation of PKD2 may impact on
the inflammatory processes in the liver upon
acute or chronic damage. To address this
challenge, mice with specific PKD2 deficiency
in immune cells of the myeloid compartment
(PKD2ALysM) have been generated to be
used in the following objectives: 1. Investigate
the role of PKD2 in inflammatory responses
associated with acute drug-induced liver inju-
ry induced by APAP in PKD2ALysM mice and
their corresponding PKD2fl/fl control mice.
2. Evaluate the progression of MASLD in an
experimental model of non-alcoholic stea-
tohepatitis (NASH) in PKD2ALysM mice and
their corresponding PKD2fl/fl control mice. 3.
Investigate the involvement of PKD2 in liver

inflammation associated to biliary damage in
a preclinical model that resembles PSC fea-
tures. 4. Conduct in vitro mechanistic studies
on the effect of PKD2 deletion in myeloid cells
on hepatocyte survival in the aforementioned
pathological contexts.

Emerging role of the liver progenitor cells
(LPCs) in chronic liver diseases

Researchers involved: Silvia Calero, M. Pilar
Valdecantos, Laura Villamayor, Elena del Fresno,
Ana B. Hitos, Agueda Gonzdlez-

Rodriguez, Angela Martinez Valverde

Activation of LPCs has been implicated in a re-
generative response of the liver during chron-
ic liver diseases (CLDs), including steatohep-
atitis (MASH) and cholangiophaties such as
primary sclerosing cholangitis (PSC). In this
study our goal was to analyze the benefits
of deleting the protein tyrosine phosphatase
1B (PTP1B) in favoring oxidative metabolism
and survival in LPCs, as well as in expand-
ing the LPC niche in mice with MASH or PSC.
Transcriptomic analysis revealed changes
in several molecular pathways in PTP1B -/-
LPCs, including upregulation of oxidative me-
tabolism and hepatocyte-related genes and
downregulation of apoptosis-related genes.
Ptpn1 deletion in LPCs enhanced survival sig-
naling, induced NRF2 nuclear translocation
and its antioxidant targets, improved mito-
chondrial bioenergetics and reduced apop-
tosis upon treatment with palmitic acid or
macrophage-derived lipo-inflammatory con-

ditioned medium (CM). In a preclinical model
of MASH, mice transplanted with PTP1B+/+
or PTP1B-/- LPCs had more hepatic glyco-
gen. Importantly, mice transplanted with
PTP1B-/- LPCs showed better engraftment,
reduced transaminase activity and higher
serum albumin levels compared with mice
receiving transplantation of PTP1B+/+ LPCs.
On the other hand, stimulation of LPCs with a
PSC-like CM from PTP1B -/- macrophages in-
creased survival signaling and proliferation. In
mice with PSC, PTP1B deletion in the immune
compartment promoted LPC proliferation, fa-
vored the recruitment of anti-inflammatory
immune cells in the liver, decreased pro-in-
flammatory populations and protected mice
against biliary injury. Therefore, targeting PT-
P1B may open new therapeutic perspectives
to enhance liver regeneration in CLDs by im-
proving LPC plasticity.

Small extracellular vesicles (SEV):

new messengers of the paracrine and
endocrine intreactome inMASLD and

T2D with diagnostic potential

Researchers involved: Irma Garcia-Martinez,
Héctor Cafieque, Sofia Rodriguez, Manuel
Izquierdo-Pastor, Angela Martinez Valverde
MASLD is a common feature of obesity and
type 2 diabetes. Under lipotoxic stress,
hepatocytes release small extracellular
vesicles (sEV) which act locally and contrib-
ute to MASLD progression, but their role in
beta cell function and development of type




2 diabetes mellitus (T2DM) remains large-
ly unexplored. We aim to examine whether
hepatocyte-derived sEVs (Hep-sEV) under li-
potoxic conditions impact on liver and pan-
creas inflammation and subsequent effects
in beta cell function. Our results revealed
that lipotoxic Hep-sEV targeted pancreat-
ic islet macrophages and induced Toll-like
receptor 4 (TLR4)-mediated inflammation.
The subsequent inflammatory response
down-regulated beta cell identity genes and
impaired glucose-stimulated insulin secre-
tion (GSIS) in both INS-1 beta cells and iso-
lated pancreatic islets. Specific deletion of
TLR4 in macrophages protected pancreatic
islets against inflammation and the impair-
ment of GSIS induced by lipotoxic Hep-SEV.
Chronic administration of lipotoxic Hep-sEV
in lean mice induced liver and pancreas in-
flammation through the recruitment of im-
mune cells. This intervention induced hepat-
ocyte injury and fibrotic damage together
with detrimental immunometabolic system-
ic effects. Insulin resistance in hepatocytes
and a compensatory insulin secretion that
prevented glucose intolerance was also ob-
served in mice treated with lipotoxic Hep-
SEV. This study has provided evidence of liv-
er and pancreas inflammation and beta cell
dysfunction induced by lipotoxic Hep-sEV.
Our data also envision TLR4-mediated sign-
aling in islet macrophages as a key mediator
of the effects of lipotoxic Hep-sEV on beta
cell function.

Therapies based on incretin receptor
multiagonism to combat obesity

and co-morbidities.

Researchers involved: Beatriz Herrero, M. Pilar
Valdecantos, Patricia Rada,

Karol M. Artunduaga,

Angela Martinez Valverde,

Bariatric surgery is effective for the treatment
and remission of obesity and type 2 diabetes,
but pharmacological approaches which ex-
ert similar metabolic adaptations are need-
ed to avoid post-surgical complications. This
research line is devoted to investigate the
effects of peptides multiagonists of incretin
receptors in preventing diet-induced obesity
and its underlying molecular mechanisms.
We are particularly focused in the spatio-tem-
poral metabolic rewiring in response to these
molecules that involves an inter-organ cross-
talk between relevant metabolic tissues. We
have demonstrated how G49, an oxyntomod-
ulin (OXM) analog and dual glucagon/gluca-
gon-like peptide-1 receptor (GCGR/GLP-1R)
agonist, triggers an inter-organ crosstalk be-
tween white adipose tissue (WAT), pancreas,
and liver which is initiated by a rapid lipolytic
response of WAT in a GCGR-dependent man-
ner. This interactome leads to elevations in
adiponectin and fibroblast growth factor 21
(FGF21), causing WAT beiging, brown adipose
tissue (BAT) activation, increased energy ex-
penditure and weight loss. We are now inves-
tigating the sustainability of G49 treatment in
maintaining weight loss and its effect in ther-

mogenic brown adipocyte differentiation.
Additionally, in collaboration with Pep2Tan-
go Therapeutics (MD, USA) we are currently
investigating the efficacy of next generation
incretin receptor multiagonists in reducing
obesity without altering muscle mass and the
tissue-specific actions.

Metabolic side-effects of long treatment
with second generation antipsychotics:
impact of the hypothalamic-liver
crosstalk in insulin sensitivity.

Researchers involved: Vitor Ferreira, Ana B. Hitos,
Angela Montes, Patricia Rada, Angela

Martinez Valverde.

This research line evaluates the metabolic
side effects of second generation antipsy-
chotics (SGAs), particularly olanzapine (OLA),
in energy balance and glucose/lipid metabo-
lism in mice treated with this drug. Recently,
we demonstrated that the oral treatment of
male mice with OLA induces weight gain and
hepatic steatosis. However, mice receiving
OLAVvia intraperitoneal (i.p.) lost weight, an ef-
fect related to higher OLA levels reaching the
hypothalamus and activation of brown adi-
pose tissue. Since clinical studies have shown
insulin resistance in individuals under OLA
treatment, this research line investigates the
impact of the i.p. treatment on insulin sensi-
tivity, particularly in the crosstalk between
liver and skeletal muscle. OLA i.p. treatment
induces systemic insulin resistance, pyruvate
intolerance and attenuates insulin signal-

ing in both liver and skeletal muscle. These
effects concurred with enhanced JNK phos-
phorylation and IRS1 serine phosphorylation
in the liver. Similar diminished peripheral in-
sulin response was found 48 h after a single
OLA intrahypothalamic injection, that was
also preceded by activation of hepatic JNK
and elevation of IRS1 serine phosphorylation.
Deletion of either hypothalamic or hepatic
JNKT1, as well as surgical vagotomy, prevented
OLA-induced impairments in insulin signal-
ing in liver and skeletal muscle. Importantly,
downregulation of hepatic Fgf21 was found
in mice treated with OLA via i.p. or receiving
an intrahypothalamic injection. This decrease
was prevented by deletion of hypothalamic
JNK1. A step further, hepatic FGF21 overex-
pression abolished OLA-induced insulin re-
sistance in skeletal muscle, but not in liver,
pointing OLA-induced impairment in skele-
tal muscle insulin signaling secondary to the
hepatic alterations. This interplay between
the hypothalamus-liver-skeletal muscle was
absent in OLA-treated mice with global de-
letion of PTP1B that were protected against
insulin resistance. Despite of the beneficial
effect of OLA administered via i.p. in avoid-
ing weight gain, it reduces peripheral insulin
sensitivity through a hypothalamus-liver axis
controlled by hypothalamic JNK1 activation
which, in turn, activates hepatic JNK via the
vagus nerve. This axis results in hepatic insu-
lin resistance and a reduction of both hepatic
and circulating FGF21 levels that ultimately




impairs insulin signaling in the skeletal mus-
cle. Importantly, the protection conferred by
PTP1B deficiency against OLA-induced insulin
resistance strongly suggests that targeting
PTP1B might prevent metabolic comorbidi-
ties in patients under OLA treatment in a per-
sonalized manner.

Effect of novel food products derived from
insects in incretin and insulin sensitivity:
DiBaN EIC-Pathfinder

Researchers involved: Silvia Calero, Angela
Montes-San Lorenzo, Angela Martinez Valverde.
Poor nutritional regimes are main drivers of
metabolic diseases and intestinal dysbiosis.
Type 2 diabetes (T2D) prevalence is expected
to reach 7% of the global population by 2023,
and to curb its rise is an urgent public health
need. Intestinal dysbiosis is a determinant
factor in the progression of insulin resist-
ance to T2D, shifting host metabolism though
undefined mechanisms whose understand-
ing would be crucial to allow personalized
interventions. Advances have been limited
by microbiome complexity and inter-individ-
ual variance. DiBaN EIC-Pathfinder project
binds together the necessary combination
of expertise to address this question, based
on the concept that the initial driver of the
nutritional effects is the metabolic shift that
takes place in the intestinal bacteria which is
transduced to the host. In this context, tech-
nological breakthrough tools for novel food
development,that ensure the promotion of

a healthy microbiome-host metabolic inter-
face, are an urgent need to prevent dysbio-
sis and T2D. DiBaN project aims to overcome
current limitations in nutrient-testing by de-
veloping advanced ex-vivo platforms that
fully recapitulate the in vivo setting of dysbio-
sis and insulin resistance that will be validat-
ed with in vivo omic data. To warrantee the
health promoting effects of novel foods we
will test a new concept in the emerging field
of insect food technology, that an adequate
insect's metabolic-intestinal health ensures
the healthy properties of its derived prod-
ucts. The validation of this idea will also serve
to identify biomarkers for the monitorization
of the insect’s health status. Accheta domes-
ticus will be the testing model of choice, due
to its excellent nutritional profile, that will be
boosted by complementing the insect's diet
with microalgae bioactive-rich extracts. Our
particular contribution to this project will be
focused on deciphering the impact of A. do-
mesticus-derived products in modulating in-
sulin sensitivity in metabolic tissues, whole-
body glucose homeostasis, energy balance
and incretin secretion.

Impact of Bone Morphogenetic Proteins
(BMPs) on the progression of MASLD and
its associated vascular risk.

Researchers involved: Raluca Alexandra Pirvan,
Patricia Rada, Angela Martinez Valverde, Agueda
Gonzdlez-Rodriguez

Metabolic dysfunction-associated steatotic
liver disease (MASLD) is considered the he-
patic manifestation of metabolic syndrome
and encompasses a series of liver lesions of
progressive severity. It is also an important
risk factor for the development of cardiovas-
cular disease (CVD).

Recently, bone morphogenetic protein
2 (BMP2) has been identified as a potential
biomarker for the non-invasive diagnosis of
MASLD, and, as it is crucial to understand the
mechanisms involved in the development
of this disease and the associated vascular
complicationsassociated with it, the objective
of this study is to investigate the role of this
BMP2 protein in vascular damage associated
with MASLD.

Results from a clinical study suggest that
BMP2 is a potential serum biomarker for the
diagnosis of both hepatic steatosis and CVD,
and results from the experimental study
reveal that this BMP exerts proatheroscle-
rotic effects on vascular smoot muscle cells
(VSMCs). In fact, the conditioned medium
generated by hepatocytes treated with pal-
mitic acid (CM-PA) also induces the migration
capacity of these vascular cells. When analyz-
ing the expression of BMP2 in

PA-treated hepatocytes, an increase was
observed, in parallel with its release into CM-
PA. In addition, the BMP2 protein produced
by hepatocytes is conveyed by exosomes.
Taken together, these results suggest that

this BMP protein might be key in hepato-vas-
cular communication, so currently, we are
evaluating BMP2 effects on an in vivo exper-
imental model.mouse model (mice fed with
high fat choline-deficient diet, CDAA).

Modulation of IL1B synthesis

as a potential therapeutic target

for MASLD progression.

Researchers involved: Angela Berlana

San Segundo,Carolina Pérez Utrera, Elena

del Fresno, Agueda Gonzdlez-Rodriguez

The mechanism underlying MASLD progres-
sion is influenced by a wide variety of factor.
One of them is inflammation, which appears
in the early stages of the disease, and its re-
versal is crucial, as prolonged persistence of
this inflammatory state leads to chronic tis-
sue damage and fibrosis. Regarding proin-
flammatory signals involved in the disease
progression, IL1[3 is involved in different stag-
es of the disease, including the promotion of
hepatic steatosis, inflammation, and fibrosis.
Given its central role in MASLD progression,
IL1B represents a potential therapeutic tar-
get. AIK3a305 (AIK), a novel allosteric inhibitor
of JNK, is a potent selective inhibitor of IL1[3
production. Thus, the aim of this research
line is to evaluate the effect of the pharma-
cological inhibition of this cytokine triggered
by this compound on MASLD progression. By
using different cellular systems and a mouse
model of MASLD, we have demonstrated that




AIK selectively reduces LPS and palmitate
(PA)-induced IL1[3 synthesis in macrophages,
blocking their proinflammatory activation.
Moreover, AIK protects against PA-induced
lipotoxicity in hepatocytes by inhibiting JNK
signalling induced by this fatty acid, and, se-
lectively, IL1B synthesis. In addition, treat-
ment with this compound reduced hepatic
stellate cell activation. In addition, the results
of the preclinical study revealed that AIK ame-
liorates MASLD progression, reducing intra-
hepatic lipid accumulation and fibrosis in a
MASLD mouse model (mice fed with high fat
choline-deficient diet, CDAA).

Evaluation of metabolic and cardiovascu-
lar complications associated with chronic
respiratory diseases.

Researchers involved: Polet Barrionuevo Carmile-
ma, Carolina Pérez Utrera, Agueda Gonzdlez-
Rodriguez

Intermittent hypoxia, a main characteristic
of Obstructive Sleep Apnea (OSA), has been
implicated in the pathogenesis of MASLD,

PUBLICATIONS:

although its molecular influence is not com-
pletely understood. This research line aims
to investigate the relationship between inter-
mittent hypoxia (IH) and MASLD. This study
comprised a clinical and an experimental
analysis. In the clinical study, several param-
eters were evaluated in control subjects and
in OSA patients, revealing that OSA patients
were older and men often, had higher lev-
els of fasting glucose, HOMA-IR and triglyc-
erides. The prevalence of hepatosteatosis,
according to the Fatty Liver Index (FLI) and
metabolomic test, was significantly higher
in OSA patients than in controls. In the his-
tological study, the livers of mice subjected
to an intermittent hypoxia protocol exhibit-
ed lipid accumulation, oxidative stress, and
inflammation, along with alterations in lipid
metabolism at the molecular level: induction
of lipogenesis and impairment of free fatty
acid oxidation. Currently, the impact of nor-
malization of oxygen levels on OSA-associat-
ed comorbidities, including, MASLD is being
studied.
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Overview

B 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, B cell mass ex-
hibits considerable heterogeneity across in-
dividuals, but current clinical tools fall short
of effectively measuring it. Predictive genet-
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
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 dif-
ferentiation protocols steered towards the
endocrine lineage. By merging this approach
with the genome-editing power of CRISPR/
Cas9 technology and comprehensive “omics”
methodologies, we can decode the molecular
characteristics of human genetic variants in
pancreatic development. Our ultimate goal
is to unveil the influence of these variants,
a step that could significantly aid in patient

stratification and preemptive diagnosis. Fur-
thermore, understanding novel disease effec-
tors may open doors to innovative therapies
for both rare and common forms of diabetes.

Unraveling the genetic basis of human 3
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 dia-
betes risk loci and discerning the influence of
specific genes on the proliferation of pancreat-
ic progenitors and the trajectory of endocrine
differentiation. Utilizing “loss-of-function” ap-
proaches, we investigate these genes. After
genetic perturbation in pluripotent stem cells,
we apply differentiation protocols that emulate
human development. Our primary aim is to
elucidate the molecular link between diabetes
risk and single-nucleotide polymorphisms by
integrating GWAS, eQTL databases, and “om-
ics” data from differentiation protocols. The
ultimate objective is clinical translation of our
findings, connecting genetic data to pathophys-
iological 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
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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.

PUBLICATIONS:

We study clinically relevant genetic alterations
putatively linked with monogenic diabetes.
Our proposed studies can help determine if
observed clinical phenotypes arise from defec-
tive endocrine development or abnormal ma-
ture B3 cell function. Furthermore, they shed
light on associated molecular mechanisms
- invaluable insights for improving diagnosis
and treatment modalities for these patients.
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Overview

How do chronic diseases impact

in the tumor development and the
response to cancer therapies.

The growth and progression of cancer are
strongly influenced by the tumor microenvi-
ronment (TME), a complex ecosystem com-
posed of tumor cells, immune cells, stromal
components, and circulating factors. Increas-
ing evidence indicates that platelets—classi-
cally recognized for their role in hemostasis—
are active regulators within this environment.
Upon activation, platelets interact with tumor
and immune cells and release a wide range
of bioactive mediators that can promote tu-
mor survival, immune evasion, and metastat-
ic dissemination. As a result, platelet-targeted
strategies are emerging as promising adju-
vants to conventional cancer therapies, in-
cluding chemotherapy and immunotherapy.

UNDERGRADUATE STUDENT
Redondo Morales, Lucia

KEYWORDS
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bolicas

Beyond cancer, platelets play a central role in
chronic metabolic diseases characterized by sys-
temic inflammation and vascular dysfunction,
such as diabetes, obesity, and atherosclerosis.
In these conditions, platelets exhibit a persistent
hyperactivated state that precedes and accom-
panies disease progression. This chronic platelet
activation alters immune responses and tissue
homeostasis, potentially reshaping the TME
when cancer develops in metabolically

diseased individuals.

The focus of our laboratory is to understand
how metabolic diseases influence cancer
growth and progression by modulating plate-
let function and platelet-immune-tumor in-
teractions. We hypothesize that metabolically
driven platelet reprogramming contributes to
an immunosuppressive tumor microenviron-
ment, thereby supporting tumor progression
and reducing the efficacy of anti-cancer ther-

apies. By dissecting the mechanisms through
which metabolic dysfunction alters platelet
behavior, our work aims to identify novel
therapeutic strategies to restore anti-tumor
immunity and improve cancer treatment out-
comes across a broad spectrum of metabolic
diseases.

Researchers involved: Guadalupe Ortiz Mufioz,
Maria Fernandez Fernandez, Mario Rucio,

Lucia Redondo

Impact of Activated Platelets on

NET Formation: Effects on Tumor
Immunophenotype and Cancer
Immunotherapy Response.

Platelets may promote tumor progression
through the induction of neutrophil extracellu-
lar traps (NETs), DNA-based structures released
by neutrophils that exert potent pro-tumorigen-
ic effects. Within the tumor microenvironment
(TME), NETs enhance tumor growth, invasion,
and metabolic adaptation, while simultaneously
promoting immune evasion by shielding tumor
cells from cytotoxic lymphocytes and delivering
immunosuppressive signals such as PD-L1.
Evidence from inflammatory disease mod-
els shows that NET formation depends on
interactions between activated platelets
and neutrophils, and that platelet inhibition
markedly reduces NET generation and tissue
damage. We therefore hypothesize that ex-
cessive platelet activation in cancer similarly
drives NET formation within the TME, creat-

ing a self-sustaining inflammatory and immu-
nosuppressive loop that limits the efficacy of
cancer immunotherapy.

Tumor immune phenotypes—immune
desert, excluded, or inflamed—strongly pre-
dict immunotherapy response, yet the mech-
anisms underlying their emergence remain
poorly understood. Using the STAMP tumor
model, which uniquely enables high-reso-
lution in vivo tracking of immune dynamics,
we will investigate whether platelet-driven
NET formation shapes tumor immune pheno-
types and whether targeting the platelet-NET
axis can reprogram the TME toward an im-
mune-inflamed state and enhance immuno-
therapy efficacy.

Researchers involved: Guadalupe Ortiz Mufioz,
Alicia ALvarez Alvarez
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FMNL1p phosphorylation regulates exosome secr®

T lymphoblasts

Optical section 3D top view 1S interface

A) After IS formation in T cells, FMNL1B is transiently reczuned to the IS rndependently of PKC&. However, its phosphorylation at S1086 residue is mediated by

PKC3, and despite not being sufficient, is indispensable for MTOC/MVB polarization towards the IS. In addition, 51086 phosphorylation in FMMNL1B is also required
for cortical F-actin rearrangement at the IS and subsequent exosome secretion. FMNL1B phosphorylation at S1086 emerges as a crucial event in the control of

polarized T cell trafficking in the IS.

B) In the left column, confocal optical section of a Tlymphaoblast (vellow arrow) formmg immune synapse with a superantigen loaded F—'«all cell (top), and a
CD19/CD22 CAR (red arrow)formin synapse with a CD19+CD22+% Raji cell. The top view is shown on the middle column, while the view on the right, after a

90° rotation, shows the immune synapse interface (white rectangle). The F-actin architecture at the Sl interface and the centrosome position are visible

(clear blue arrow). The image demonstrates the multifocal nature of the synapse developed by tandem CAR-T cells and the centrosome's position at one of the foci.
F-actin is labelled in green, MTOC in magenta and FMNL1 in red, whereas colocalization between F-actin and FMNL1

is shown in white. FMNL1 accumulates with F-actin at the distal SMAC (dSMAC).
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Overview

Our general interest is to decipher the molec-
ular mechanisms that participate in the forma-
tion of the immune synapse (IS) and to study
some of the T lymphocyte effector responses
that derive from IS formation. T-cell receptor
(TCR) stimulation by antigen bound to the
major histocompatibility complex (MHC) on
an antigen-presenting cell (APC) induces the
formation of the IS and accumulation of fila-

mentous actin (F-actin) at the IS, followed by
depletion of F-actin at the central region of
the IS (cIS) and the polarization of lytic gran-
ules/multivesicular bodies (MVB) and the mi-
crotubule-organizing center (MTOC) to the IS.
Among several T lymphocyte effector respons-
es, the fusion of MVBs with the plasma mem-
brane at the IS produce the secretion of MVB
intraluminal vesicles as exosomes, leading to




polarized exosome secretion at the IS cleft
(Fig 1). The exosomes are involved in several
crucial immune responses, including the cytol-
ytic activity of cytotoxic T lymphocytes (CTLs)
against target cells such as tumor cells, and ac-
tivation-induced autocrine apoptosis (AICD) of
T lymphocytes, which is involved in controlling
autoimmunity. Overall, a better understanding
of the signals involved in MVB maturation and
traffic will allow designing strategies to mod-
ulate exosome secretion by CTL and hence
modify their function. With this knowledge in
the hand it will be possible to modify some
biological 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 oriented, basic
research directed to enhance our knowledge
of the relationship among cytoskeleton, MVB
secretory traffic and IS, which are fundamen-
tal components necessary to develop and
appropriate adaptive immune response. By
investigating these interactions within the
context of human chimeric antigen receptor
(CAR)-T cell IS in collaboration with clinicians
(Fig. 1), 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 protocols,
in order to improve persistence and avoid ex-
haustion of effector CAR-T lymphocytes.

Role of FMNL1 formin in polarized
secretory traffic towards the TCR

and CAR-evoked immune synapse
Researchers involved: Ruiz-Navarro, |.; Ferndn-
dez-Hermira, S.; Sanz-Ferndndez, |, Barbeito, P,
Navarro-Zapata, A, Pérez-Martinez, A, Gar-
cia-Gonzalo, F.R, Calvo, V., Izquierdo, M.

This research line focuses on the contribution
of FMNL1 formin-regulated actin cytoskeleton
on IS architecture and function as well as its
effects to MVB secretory traffic. We analysed
here how formin-like 1 B (FMNL1B), an actin
cytoskeleton-regulatory protein, regulates
microtubule-organizing center (MTOC) and
multivesicular bodies (MVB) polarization and
exosome secretion at an immune synapse (IS)
model in a phosphorylation-dependent man-
ner. IS formation was associated with tran-
sient recruitment of FMNL1g to the IS, which
was independent of protein kinase Cg (PKCg).
Simultaneous RNA interference of all FMNL1
isoforms prevented MTOC/MVB polariza-
tion and exosome secretion, which were re-
stored by FMNL1BWT expression. However,
expression of the non-phosphorylatable mu-
tant FMNL1B8S1086A did not restore neither
MTOC/MVB polarization nor exosome se-
cretion to control levels, supporting the cru-
cial role of S1086 phosphorylation in MTOC/
MVB polarization and exosome secretion.
In contrast, the phosphomimetic mutant,
FMNL1 BS1086D, restored MTOC/MVB polar-
ization and exosome secretion. Conversely,
FMNL13S1086D mutant did not recover the

deficient MTOC/MVB polarization occurring
in PKCs-interfered clones, indicating that
$1086 FMNL13 phosphorylation alone is not
sufficient for MTOC/MVB polarization and ex-
osome secretion. FMNL1 interference inhib-
ited the depletion of F-actin at the clS, which
is necessary for MTOC/MVB polarization.
FMNL1BWT and FMNL1BS1086D, but not
FMNL1BS1086A expression, restored F-actin
depletion at the clS. Thus, actin cytoskeleton
reorganization at the IS underlies the effects
of all these FMNL1pB variants on polarized
secretory traffic. FMNL1 was found in the IS
made by primary T lymphocytes, both in TCR
and chimeric antigen receptor (CAR)-evoked
synapses (Fig 1). Taken together, these results
point out a crucial role of S1086 phosphoryla-
tion in FMNL1[3 activation, leading to cortical
actin reorganization and subsequent control
of MTOC/MVB polarization and exosome se-
cretion. Further experiments are in progress
to characterize the role of actin cytoskeleton
and FMNL1 in polarized secretion at the im-
mune synapse evoked by CAR-T cells. Our
findings may allow to design strategies to im-
prove the persistence and effector functions
of CAR-T cells during T cell adoptive therapy
protocols, opening new venues in therapeutic
approaches against cancer.

Imaging the immune synapse:
three-dimensional analysis of the TCR

and CAR-evoked immune synapse.
Researchers involved: Ruiz-Navarro, |,
Blazquez-Cucharero, S.; Calvo, V., Izquierdo, M.

T cell receptor (TCR) stimulation of T lympho-
cytes by antigen bound to the major histocom-
patibility complex (MHC) of an antigen-pre-
senting cell (APC), together with the interaction
of accessory molecules, induces the formation
of the immunological synapse (IS), the conver-
gence of secretion vesicles towards the centro-
some, and the polarization of the centrosome
to the IS. Upon IS formation, an initial increase
in cortical filamentous actin (F-actin) at the IS
takes place, followed by a decrease in F-actin
density at the central region of the IS, which
contains the secretory domain (Fig. 1). These
reversible, cortical actin cytoskeleton reorgan-
ization processes that characterize a mature IS
occur during lytic granule secretion in cytotox-
ic T lymphocytes (CTL) and Natural Killer (NK)
cells and cytokine-containing vesicle secretion
in T-helper (Th) lymphocytes, but also charac-
terize the IS-evoked by CAR-T cells. However,
apart of this “classical” bullseye IS structure,
non-classical IS including multifocal IS are de-
veloped by double-positive thymocytes, Th2
cells and CAR-T cells. Besides, IS formation
constitutes the basis of a signalling platform
that integrates signals and coordinates molec-
ular interactions that are necessary for an ap-
propriate antigen-specific immune response.
In this line we deal with the three-dimensional




(3D) analysis of the synaptic interface architec-
ture, as well as the analysis of the localization
of different markers at the IS. This approach
allows the simultaneous assessment of the
sub-synaptic architecture and colocalization of
several different markers in the three dimen-
sions of the IS. This method can be used to
assess cortical F-actin in different types of IS,
including the synapses made by NK cells and
B lymphocytes and CAR-T cells. The crucial im-
portance of the synaptic structure in processes
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such as centrosome polarization or secretory
vesicles traffic and degranulation has stimu-
lated the development of accurate analysis
methods of the synaptic interface. Moreover,
considering that actual biological interactions
occur in three-dimensional space, following
this approach, we can study the architecture
of the IS and the three-dimensional colocali-
zation and potential interactions between dif-
ferent markers in this region, thus overcoming
the limitations of two-dimensional analyses.
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Overview

Choline kinase a (ChoKa) is a critical enzyme
involved in the regulation of phosphatidyl-
choline metabolism, the major phospholipid
in all eukaryotic membranes. Overexpression
of ChoKa is oncogenic and modulates the
expression of genes directly involved in the
regulation of cell proliferation and apopto-
sis, promoting the progression of tumours.
ChoKa affects signalling pathways including
ERK, AKT, PI3K, c-Src and EGFR. Inhibition of
ChoKa 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 E2F1a. These effects results in a potent
antitumor activity, promoting a variety of ef-
fects as increased ceramides production and
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 ChoKa 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 therapies.
Indeed, due to their unique mechanism of ac-
tion, ChoKa inhibitors (ChoKals) could be used
in many combinatorial regimes against a broad
spectrum of human cancers. ChoKals show po-
tent antitumor activity, and one of our drugs,
RSM-932A, has completed the first Phase I clin-
ical trial in humans. However, and as expected
for any chemotherapeutic approach, resistance
to ChoKals has also been found. This makes im-
perative the search for tools that discriminate
sensitive from resistant tumours to ChoKals.

Precision oncology requires the development
of adequate tools and protocols for the se-
lection 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 ChoKa activity to
identify specific biomarkers in both sensitive
and resistant tumours to inhibitors of ChoKa.
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 ChoKa inhibitors (ChoKals).

In addition to this role in cancer onset and
progression, we and others have demonstrat-
ed the relevance of ChoKa as a therapeutic tar-
get in diseases produced by parasites as ma-
laria, caused by Plasmodium falciparum, and
Leishmaniasis, caused by Leishmania infan-
tum. This is further expanded to the success-
ful use of ChoKals against bacterial infections
produced by Gram-positive S. pneumoniae and

Gram-negative H. influenza, responsible for
pneumonia, otitis and bronchitis.

Using several animal models, ChoKals
has demonstrated to be a potent therapeu-
tic tool in even other diseases. These include
rheumatoid arthritis (RA), LPS-induced septic
shock model, Muckle-Wells syndrome (MWS),
familial cold auto inflammatory syndrome
(FCAS) and neonatal-onset multisystem in-
flammatory disease (NOMID). The last three
syndromes are a consequence of mutations
in the NLRP3 gene that cause chronic activa-
tion of the inflammasome, suggesting that
targeting ChoKa has the potential to be an
efficient approach to also treat inflammatory
diseases.

Therefore, ChoKa 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 ChoKals 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.




PUBLICATIONS:

Diaz-Riascos ZV, Llaguno-Munive M, Lafuente-Gomez N, Luengo Y,
Holmes S, Volatron J, Ibarrola O, Mancilla S, Sarno F, Aguirre JJ, Razafin-
drakoto S, Southern P, Teran FJ, Keogh A, Salas G, Prina-Mello A, Lacal
JC, Del Pozo A, Pankhurst QA, Hidalgo M, Gazeau F, Somoza A, Schwartz
S Jr, Abasolo 1. Preclinical Development of Magnetic Nanoparticles for
Hyperthermia Treatment of Pancreatic Cancer. ACS Appl Mater Interfac-
es. 2025 Jan 15;17(2):2924-2939. DOI: 10.1021/acsami.4c16129. Epub
2025 Jan 2. PMID: 39745145.

FUNDING:

“El metabolismo lipidico como nueva diana terapéutica en oncologia de
precision en cancer de pdncreas y de pulmén (ONCOLIPIDS). PID2020-
116165RB-C21”. Pl: Juan Carlos Lacal. Grant: 169.000 € (2021-2025).
Miembros del Equipo de Trabajo: Dr. Juan Casado Vela, Dr. Francesca
Sarno, Yolanda Duran Jiménez (FP Grado Superior), Juan Antonio Quin-
tana Fernandez (FP Grado Superior).

MATERIAL TRANSFER AGREEMENT between CONSEJO SUPERIOR DE INVES-
TIGACIONES CIENTIFICAS, M.P. and Gossamer Bio Services, Inc. 3013 Sci-
ence Park Road, Suite 200, San Diego, CA 92121. PI: Juan Carlos Lacal.
Grant: 6,000€ (2022-2025)

2024 LLAV 00109- IP: Carolina Arfmengol. Fundacié Institut d'Investi-
gacio en Ciencies de la Salut Germans Trias i Pujol G60805462 Tar-
geting choline metabolism in high-risk hepatoblastoma with a novel
release-controlled drug. Grant: 20.000€ (2024-2025).

PATENTS:

1.

2.

INVENTORS: T. Zimmerman, S. Ibrahim,
JC Lacal. PATENT NUMBER: PCT/ES2025/070147

INVENTORS: JC Lacal, T. Zimmerman.
PATENT NUMBER: EP25382266.2/2025




Hypoxia
and Angiogenesis

TENURED SCIENTIST
del Peso Ovalle, Luis
(Catedratico, UAM). Group Coordinator

Jiménez Cuenca, Benilde
(Profesor Titular, UAM)

Esteve Pastor, Pilar
(Cientifico Titular, CSIC)

PRE-DOCTORAL SCIENTIST
Berrouayel Dahour, Yosra

ASSOCIATED INVESTIGATOR

Pescador Sanchez, Nuria
(Investigadora, CIBERDEM)

MASTER THESIS STUDENT
Fernandez Canizares, Maria (UAM)

UNDERGRADUATE STUDENT
Bernabé Pérez, Rocio (UFv)
Sanchez Pena, Claudia (UAM)

KEYWORDS
Bioinformatics, Cardiopulmonary
diseases, Hypoxia, Transcription

(VHL:

Degraded
HIF-1a

Yok

HIF-1a |

RESEARCH LINES:

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 advancing
our understanding of the transcriptional re-
sponse to hypoxia and the underlying cellular
and molecular mechanisms governing crucial
adaptive processes like angiogenesis. Our
goal is to leverage this knowledge to enhance
the clinical management of conditions where
tissue hypoxia is a common feature.

Transcriptional Response to Hypoxia
Researchers involved: Esteve Pastor, Pilar; Ber-
rouayel Dahour, Yosra, del Peso Ovalle, Luis.
While the transcriptional response to hypoxia
has been extensively studied in vitro, much
less is known about the gene expression pro-
grams induced in vivo. To address this critical
gap, we are investigating the early transcrip-
tional response to sustained and intermittent
hypoxia as models of chronic obstructive pul-
monary disease (COPD) and obstructive sleep
apnea (OSA), respectively.

Role Brown Adipose Tissue and Bhlhe40

in Metabolic Syndrome Associated

with Obstructive Sleep Apnea

Researchers involved: Pescador Sanchez, Nuria;
Ferndndez Cariizares, Maria,Sanchez

Pefia, Claudia;

Bernabé Pérez, Rocio; Berrouayel Dahour, Yosra,
del Peso Ovalle, Luis.

OSA is a highly prevalent condition character-
ized by intermittent obstruction of the upper
respiratory tract during sleep, leading to cyclic
hypoxia. OSA patients face an increased risk
of cancer and cardiovascular diseases, yet the
mechanisms linking these conditions remain
poorly understood. Using a combination of
animal models and primary cell cultures, we
found that intermittent hypoxia strongly affects
brown adipocyte function, leading to brown
adipose tissue dysfunction. This alteration may
contribute to the increased risk of metabol-
ic syndrome and cardiovascular diseases ob-
served in obstructive respiratory disorders.

Computational approaches to analyze
transcriptional responses

Researchers involved: Berrouayel Dahour, Yosra;
del Peso Ovalle, Luis.

Gene expression profiling analyses often
yield sets of genes that are differentially ex-
pressed in a given context. To identify the
transcriptional regulators responsible for the
coordinated regulation of these genes, we




developed the tool TFEA.ChIP. Our current re-
search in this area focuses on further improv-
ing this tool by incorporating recent advances
in enhancer-gene assignment methods.

Understanding the Role of Bhlhe40

in Endothelial Cell Differentiation and
Proliferation during Hypoxia-Induced
Angiogenesis

Researchers involved: Jiménez Cuenca, Benilde.
Angiogenesis, the primary mechanism driv-
ing vascular expansion, is a fundamental
adaptive response to hypoxia. However, our
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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 function

Heart failure (HF) is a complex clinical syn-
drome that constitutes a major health prob-
lem, and treatment remains ineffective in
more than half of patients despite the continu-
ous introduction of new therapeutic interven-
tions. Almost all cardiovascular diseases even-
tually progress to heart failure if not effectively
treated or alleviated. During the progression
of HF, cardiac remodeling occurs. This remod-
eling is a process of regional or global struc-
tural and functional changes in the heart as a
consequence of stressors, such as myocardial
infarction, pressure overload (aortic stenosis,
hypertension), myocarditis, idiopathic dilated
cardiomyopathy, or volume overload (valvular
regurgitation), and constitutes an important
determinant of the clinical outcome of HF, re-
lated to disease progression and poor progno-
sis. The remodeling process is characterized
by abundant inflammatory and profibrotic
responses, neurohormonal activation, and en-
largement of the heart to manage increased
hemodynamic demand. Therefore, the search
for better treatments for HF is one of the great
challenges of cardiology. In this area, we have
been working on the evaluation of the role of
the nuclear receptor AhR in protection against
HF. Our data suggest that AhR activation may
ameliorate HF dysfunction by regulating fer-
roptosis, a relevant event leading to HF. The

study of the pathways involved in the cardio-
protective role of AhR activation is the subject
of our current work in improving HF.

Immunometabolism and COVID-19
The cytokine storm observed in patients with
COVID-19 has emerged as a key contributor to
disease severity and associated mortality. Our
study aimed to elucidate the metabolic alter-
ations macrophages undergo in response to
the COVID-19 cytokine storm, thereby shed-
ding light on the mechanisms driving the ex-
acerbated immune response. By integrating
genomic-scale data and experimental meta-
bolic measurements, we developed a compre-
hensive workflow. We applied this workflow
to identify the metabolic alterations that oc-
cur in human macrophages during the SARS-
CoV-2-induced cytokine storm. The methods
used include genome-scale metabolic models
(GSMM) to represent metabolic pathways, flux
balance analysis (FBA) and flux variability anal-
ysis to predict flux distributions, and the me-
tabolism-moderated gene deletion algorithm
(GIM3E) to model the complex interaction be-
tween gene expression and metabolism. The
data obtained offer insights into macrophage
metabolic reprogramming, providing a deeper
understanding of their role in the pathogene-
sis of the COVID-19 cytokine storm.




Kv1.5 and Kv4.3 channelosomes

lon channels are responsible, among oth-
er functions, for muscle contraction, cardiac
rhythm, and synaptic transmission. We focus
our research on voltage-dependent potassium
channels present in the human myocardium,
mainly Kv1.5 (which generates IKur) and Kv4.3
(which generates Ito), which are the most im-
portant potassium channels responsible for
atrial repolarization and thus serve as phar-
macological targets for antiarrhythmic drugs
used in the treatment of cardiac arrhythmi-
as. lon channels form signaling complexes, or
channelosomes, which are essential for op-
timal, fast, and efficient signal transmission.
Therefore, knowledge of the interactors of
these channelosomes is essential for the val-
idation of new proteins that may constitute
therapeutic targets, as well as for the design
and synthesis of new chemical agents that
may be useful drug candidates. We have fo-
cused on Lgi3-4 and KChIP2.
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Channelopathies

One of our research lines is the electrophysi-
ological characterization of new mutations on
ion channels or some of their regulatory sub-
units. These mutations found in the clinics
can induce cardiac arrhythmias such as Long
QT, Short QT, or Brugada Syndromes.

Resolution of inflammation

in cardiovascular pathologies

The resolution phase following an inflamma-
tory process is required for its completion
to prevent chronic inflammation and, there-
fore, chronic disease. During the transition
from inflammation to resolution, there is an
increase in the enzymatic synthesis of SPMs.
Several cardiovascular diseases, including
atrial fibrillation (AF), myocardial infarction,
heart failure, and hypertension, involve in-
flammation. Therefore, understanding the
possible effects of SPMs on different cardiac
ion channels may help in the treatment and/
or prevention of cardiac diseases.
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S, Zaza A, Valenzuela C. RvD1 and LXA<sub>4</sub> inhibitory effects
on cardiac voltage-gated potassium channels. Biomed Pharmacother.
2025 Jun;187:118083. DOI: 10.1016/j.biopha.2025.118083.

DOCTORAL THESES AND OTHER WORKS:

Sergio Sanchez Garcia

Ph.D. thesis. Nitric oxide and pro-resolving mediators in COVID-19 pathogen-
esis. Universidad Auténoma de Madrid. 2025. Supervisor/s: Lisardo Bosca
Gomar, Patricia Prieto Chinchilla. Grade: Sobresaliente Cum Laude.

Maria Elegido Vanrespraille

Final degree's project. Regulacion funcional y metabdlica de cultivos
primarios de linfocitos y macréfagos humanos por la accion de ecteinas-
cidinas. Universidad Auténoma de Madrid. 2025. Supervisor/s: Adrian
Povo Retana, Rodrigo Landauro Vera. Grade: Sobresaliente

Mateo Iriarte Martin

Final degree's project. Efectos inmunometabdlicos de la oxitiamina (O-
B1) en linfocitos y macréfagos humanos. Universidad Auténoma de Ma-
drid. 2025. Supervisor/s: Adrian Povo Retana. Grade: Sobresaliente

FUNDING:

Assessment of the protective role of AHR in heart failure mecha-
nisms of inhibition of ferroptosis by AHR activation in the failing heart.
PID2023-1489330B-100. AEIl. 2024-2028. Lisardo Bosca Gomar; Car-
men Delgado Canencia

Consorcio para el estudio del fracaso renal y suimpacto en la patologia
cardiovascular. S2022/BMD-7223". Comunidad de Madrid. 2023-2026.
Lisardo Bosca Gomar.

Mechanisms underlying the cardioptotective effects of nuclear vitamin
D receptor activation in heart failure .CSIC (Ref:UCRAN20050). Progra-
ma CSIC de cooperacion cientifica con Ucrania. 2022- 2026. Carmen
Delgado Canencia.

Characterization of the immunometabolic actions of benfo-oxythia-
mine (B-OT) and analogs in human macrophages: An approach to un-
derstanding the role of these drugs on tumor-associated macrophag-
es (TAM). Benfovir AG. Lisardo Boscd Gomar

Papel de los canalosomas Kv1.5 y Kv4.3 en la fibrilacién auricular.
Busqueda de nuevas dianas terapéuticas y herramientas moleculares.
PID2022-1372140B-C21". AEl. 2023-2026. Carmen Valenzuela Miranda.

Red Espafiola de Canales Iénicos. RED2022-134420-T". AEl. 2023-2025.
Carmen Valenzuela Miranda

“Attila Ziegelhoffer Poster Award in the 10th meeting European Sec-
tion of the International Academy of Cardiovascular Sciences. Bratisla-
va (Slovak Republic)”. October 28-30, 2024.
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RESEARCH LINES:

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-
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-

Organelles, Secretory Apparatus, Cell Stress,
Systems Biology, Cell Defense

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-
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 endoplasmic reticulum

(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
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. Surprising-
ly, the elF2alpha kinase EIF2AK3/PERK is re-
quired for this process: translation regulation
controls the anchoring of the ER to a specif-
ic subset of non-centrosomal microtubules,
which must be disrupted for ER expansion.
ER-MT anchoring in turn modulates the stabil-
ity of non-centrosomal microtubules, and cell
protrusiveness and polarity. Thus, PERK activ-
ity coordinates ER homeostasis and remod-
eling with cell morphogenesis and behavior
(Sdnchez-Alvarez et al. Cell Reports 2025).

We are also studying a specific ER remode-
ling event that is engaged in cells subjected to
different forms of stress, including innate im-
munity activation. Our observations support
this ER remodeling contributes to minimize
self-damage in the cell. The molecular mecha-
nisms of this protective remodeling, which are
partly regulated by the UPR, are being investi-
gated through collaborative research.

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 andin 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.
Sponsored by the AECC, we have
launched a research line to understand how
lipid metabolism and the dynamics of specif-
ic organelles are linked to genome integrity
and telomere maintenance. Aberrant immor-
talization mechanisms engaged in specific
cancer types are associated with a particular
rewiring of lipid metabolism and altered path-
ways for its compartmentalization, including
the formation of nuclear LDs. We intend to
characterize these novel links.
We are also studying how the expanding LD
receives information from mechanosensing
structures located in the plasma membrane
(PM), called caveolae (Aboy et al. Nat Commun
2024). These studies could shed light on a very
poorly understood event: how the accommo-
dation of volume expansion by the PM of the
cell feeds into metabolic control through the
regulation of the LD proteome, and the mo-
lecular mechanisms underlying certain he-
reditary muscle dystrophy disorders. We also
participate in studies focused on systems-lev-
el caveolae biology and their contribution
to cell function and physiopathology (Jimén-
ez-jiménez et al. [IMS 2025).

PUBLICATIONS:

Jiménez-Jiménez V, Sanchez-Cabo F, Schwartz MA, Sanchez-Alvarez
M8, del Pozo M8§ (8 co-correspoding author) A survey for human tis-
sue-level determinants of CAV1 regulation and function. [/MS. 2025,
26(8), 3789 DOI: 10.3390/ijms26083789

Sanchez-Alvarez MS, Lolo FN, Fulgoni G, Sailem H, Pascual-Vargas P,
del Pozo MA, Vazquez J, Lopez JA, Bakal C8 (8§ co-correspoding author).
PERK-dependent reciprocal crosstalk between ER and non-centroso-
mal microtubules coordinates ER architecture and cell shape. Cell Rep.
2025, 44(5), 115590. DOI: 10.1016/j.celrep.2025.115590

DOCTORAL THESES AND OTHER WORKS:

Sofia Rodriguez Alvarez

Final degree’s project. Optimizacion de Casilio, un sistema basado en
CRISPR-Cas9 para el estudio de la elongacion alternativa de los telomer-
0s (ALT). Universidad Francisco de Vitoria. 2025. Supervisor/s: Miguel
Sanchez Alvarez. Grade: 10/10

FUNDING:

Lipid metabolism and organelle homeostasis: novel opportunities for un-
derstanding, detecting and intervening genomic instability and telomeric
alterations in tumor cells (LIPALT).”. «LAB AECC 2024» LABAE246690SANC
Fundacién Cientifica AECC. Miguel Sdnchez-Alvarez. Jan 2025-Dec 2028

“Architectural remodelling of the endoplasmic reticulum: an essential
component in cell defence responses and homeostasis protection across
tissues (DefendER)". «Consolidacion Investigadora 2023» CNS2023-
144831 MICINN. PI: Miguel S&nchez-Alvarez. Apr 2024-Mar 2026




“Novel mechanisms coupling cell secretion with inflammation control:
physiopathological relevance (SECRETMMUNE)". «Proyectos de Gen-
eracién de Conocimiento» PID2021-128106NA-100 MICINN. PI: Miguel
Sanchez-Alvarez Jan 2023-Dec 2025

“Cell organelles as signaling hubs in disease: novel roles in mech-
anoadaption and innate immunity”. Ramon y Cajal contract RYC2020-
029690-1 MICINN. PI: Miguel Sdnchez-Alvarez. Feb 2022-Jan 2027.
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Overview

The interest of our group is the study of the
mechanisms that maintain systemic metabol-
ic homeostasis. These mechanisms require
the coordinated involvement of peripheral
organs such as pancreatic islets, muscle and
adipose tissue, whose function is orchestrat-
ed centrally by brain nuclei located mostly in
the hypothalamus. Although a great deal of
our past work has been focused on pancre-
atic islets, during 2025 we finalized our stud-
ies on the regulatory role of the transcription
factor Alx3 in the hypothalamic regulation of
metabolism and reinitiated earlier studies
on the role of Alx3 in the regulation of glu-
cose-stimulated insulin secretion (GSIS) in
pancreatic islets.

Hypothalamic regulation of energy
metabolism by Alx3

We found that Alx3 regulaties feeding and
metabolic partitioning in peripheral or-
gans including muscle and adipocytes. Mice
lacking Alx3 display decreased food intake
without changes in body weight, along with
reduced energy expenditure and altered res-
piratory exchange ratio. Using magnetic res-
onance imaging and spectroscopy we found
that these mice exhibit increased adiposity
and decreased muscle mass, which was asso-
ciated with markers of motor and sympathet-
ic denervation. When fed with a high-fat diet,

Alx3-deficient mice gained weight at a lower
rate than wild type animals despite their initial
relatively higher adiposity. In addition, by per-
forming glucose and insulin tolerance tests,
we found that feeding with high-fat food im-
proves insulin sensitivity in these animals. At
the molecular level, gene expression analysis
demonstrated altered lipogenic and lipolytic
gene profiles, thus indicating the importance
of Alx3 in lipid metabolism. We characterized
the expression of Alx3 in the arcuate nucle-
us of the hypothalamus, where we found it
present in Agrp and Pomc neurons regulat-
ing food intake. In consonance with this find-
ing, using positron emission tomography and
functional diffusion-weighted magnetic res-
onance imaging, we observed that Alx3-de-
ficient mice exhibit selective hypothalamic
responses to fasting in the arcuate nucleus,
altered expression of Pomc and melanocor-
tin-3 receptor mRNA in the hypothalamus,
and impaired regulation of feeding behavior.
Thus, this line of research has provided solid
evidence on the crucial role for Alx3 in gov-
erning food intake, energy homeostasis, and
metabolic nutrient partitioning, thereby influ-
encing body mass composition.




Regulation of glucose-stimulated

insulin secretion by Alx3

Alx3 plays an important role in the regulation
of metabolic homeostasis at the systemic lev-
el, not only by its activity in the hypothalamus
levels but also by modulating the responses
of pancreatic islets to changes in glucose con-
centrations. Our previous work demonstrates
that Alx3-deficient mice retain the ability to
respond to GSIS, albeit with a significantly
reduced magnitude relative to wild-type ani-
mals. We found that GSIS from pancreatic is-
lets ex vivo is significantly reduced in Alx3-de-
ficient mice. Decreased GSIS in Alx3-deficient
mice is not directly related with decreased in-
sulin content, because our data indicate that
insulin secretion induced by membrane de-
polarization with 30 mM KCl is similar in wild
type and mutant islets. In addition, we found
that the levels of glucokinase, a key protein
for glucose concentration sensing by (3 cells,
are reduced in these mice. Based on these
observations, we have initiated experiments
to investigate the mechanisms by which Alx3
deficiency impairs signaling pathways regu-
lating insulin secretion. Gene expression pro-
filing using RNAseq and Gene Set Enrichment
Analyses from isolated islets indicated that
free fatty acid receptors (FFAR) are likely can-
didates for altered insulin secretion associat-
ed with Alx3 deficiency. Consistently, we have
observed that in isolated mouse pancreatic
islets, activation of some of these receptors

by selective agonists enhances GSIS in wild-
type but not in Alx3-deficient mice. Further-
more, glucose tolerance tests indicate that
administration of these agonists decrease
blood glucose levels in wild type but not in
Alx3-mutant animals. We have further char-
acterized the levels of key downstream effec-
tors of the FFAR signaling pathways—PLCB1,
PLCB3, and Itpr1— and found evidence of dis-
ruption of the PLC-IP3-Ca?* signaling axis. We
have also studied the possible involvement
of components of the cAMP-dependent path-
way (Adcy2 and Epac2), which suggests the
existence of broader signaling defects. Gene
ontology analyses following RNA sequencing
revealed altered expression of genes related
to endoplasmic reticulum stress, insulin pro-
cessing and calcium dependent exocytosis.
These studies are advanced and a publication
is predicted in the following year.

FUNDING:

Multilevel dysregulation of insulin secretion as a pathogenic mechanism
of pancreatic islet dysfunction in diabetes. PID2023-1507190B-100. Min-
isterio de Ciencia, Innovacion y Universidades. 1 de septiembre de 2024
a 31 de agosto de 2027. PI: Mario Vallejo Fernandez de la Reguera.

OUTREACH ACTIVITIES:

1¢" Simposio de islote pancreatico (Organizadores: Alberto Bartolomé,
Irma Garcia-Martinez y Mercedes Mirasierra). 19 de febrero de 2025.

Event: Dia Internacional de la Mujer y la Nifia en la Ciencia-Todas Hac-
emos Ciencia, CSIC. Title: Taller sobre Técnicas Biomédicas en Biomed-
icina (organizadora, Mercedes Mirasierra). 26 de febrero de 2025.
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RESEARCH LINES:

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.

Cardiovascular diseases (CVD)

Researchers involved: Doblado Bueno, Laura;,
Sastre Arcones, Marta; Monsalve Pérez, Maria
The first line of investigation is currently fo-
cused on understanding how the impact of
atypical antipsychotics (AAPs) on mitochon-
dria drives CVD development.

Hepatocellular Carcinoma (HCC)
Researchers involved: Hidalgo Ldpez, Manuela;
Lopez Gutiérrez, Carla, Monsalve Pérez, Maria.
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 Venegas, Olivia,
Hidalgo Ldpez, Manuela; Belén Llaque Puertas,
Andrea, Monsalve Pérez, Maria.

The third line of research focuses on under-
standing how the systemic metabolism im-
pacts on CRC development.

Type 2 Diabetes (T2D)

Researchers involved: Solla Mdrquez, Paula;
Casaus Pielago, Ana; Porta Roca, Alba; Doblado
Bueno, Laura; Monsalve Pérez, Maria.

The fourth line of research investigates how
mitochondrial dysfunction drives the devel-
opment of CVD in T2D subjects.

Intestinal Inflammatory Disease (1ID)
Researchers involved.: Selinger Galant,

Leticia, Bernet Garcia-Santesmases, Clara,
Peleman, Carlijn; Monsalve Pérez, Maria.

The fifth line of research studies how nutri-
tion modifies both systemic and intestinal mi-
crobiome oxidative metabolism impacting on
intestinal immune-metabolic health.
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PUBLICATIONS:

Selinger Galant, L.; Doblado, L.; Radi, R.; Teixeira da Rocha, J.B.; Fab-
ro de Bem, A.; Monsalve, M. Differential effects of diphenyl diselenide
(PhSe)2 on mitochondria-related pathways depending on the cellular
energy status in endothelial cells. bioRxiv (preprint). 2025,
https://doi.org/10.1101/2024.06.14.599060.

Doblado, L.; Estebaranz C.; Carrillo, E.; Samhan-Arias, A.K.; Nova, E,;
Garcia-Perea, E.; Marcos, A,; Diaz, L.E.; Monsalve, M. Alkalinized Fil-
tered Water Induces Changes in the Gut Microbiome in Inflammatory
Bowel Disease. Submitted (AMS-19844-2025-01). bioRxiv. 2025. https://
doi.org/10.1101/2025.09.19.677298.
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Marta Sastre Arcones

Master’s thesis. Impacto de la mitotoxicidad derivada de la ingesta croni-
ca de fdrmacos en el riesgo cardiovascular. Universidad Complutense de
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FUNDING:

Caracterizacion del papel jugado por el estres oxidativo mitocondrial
en patologia humana. PID2021-1227650B-100. Ministerio de Ciencia e
Innovacion. 01/09/2022-31/08/2025. Maria Monsalve Pérez.

Linking Intestinal Bacteria and Host Metabolism to Tackle Type 2 Di-
abetes with Novel Food (DiBaN). GAP 101162517. European Innova-
tion Council.01/10/2024-30/09/2028. Maria Monsalve Pérez & Angela
Martinez Valverde.

Enfermedades Metabdlicas, COMETA. Conexién CSIC. 2025-2026. Lis-
ardo Bosca &Marta Casado.

Mechanisms connecting mitochondrial function with cell transforma-
tion (MinT). PID2024-1597210B-100. Ministerio de Ciencia, Innovacién
y Universidades. 01/09/2025-31/08/2029. Maria Monsalve.

Evaluacion del efecto del consumo de agua alcalina sobre el proceso
de envejecimiento (AGEN). ALKANATUR S.L.U. Contrato de Apoyo Tec-
nolégico. 15/12/2025-14/12/2028. Maria Monsalve.
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Conference. Programa Cientificos en Practicas. Unidad de Cultura
Cientifica del CSIC. IES Santa Eugenia, 2025.

Visit to the IIBM. Programa Cientificos en Practicas de la Unidad de
Cultura Cientifica del CSIC. IES Santa Eugenia, 2025.

Visit to the IIBM. Semana de la Ciencia del CSIC “Ruta Cientifica: Traba-
jar en un Instituto de Biologia Molecular”. FP Superior UEM, 2025.

One-week long practical training for Secondary School Sudents. IES
Santa Eugenia, 2025.
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Figure 2. Pulmonary
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chronic hypoxia

Pulmonary defects in HIF2/Wt1 mutants exposed to chronic hypoxia. (A). Whole mount hearts of control (Top, Hif2 flox/
flox-Wt1-Cre+/+) and HIF2 KO (Bottom, Hif2 flox/flox-Wt1-Cre+/-) showing significant hemorrhages in the mutant mice. Blue
arrows point to well-oxygenated regions, while the white arrow highlights collapsed areas of the lung. (B). Histological car-
diac sections stained with hematoxylin and eosin from control (Left panels, Hif2 flox/flox-Wt1-Cre+/+) and HIF2 KO (Right
panels, Hif2 flox/flox-Wt1-Cre+/-) mice showing reduction of the alveolar space and substantial erythrocyte accumulation
within the lung parenchyma on the HIF2 mutant mice. Bottom panels are magnifications of top panels.

RESEARCH LINES:

Overview

Cardiovascular diseases (CVD) represent the
main cause of death and their high preva-
lence implies a high health cost, in addition to
increasing 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 varie-
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ty of processes regulated by hypoxia include
metabolic reprogramming, vascularization, im-
mune response modulation, pluripotency, dif-
ferentiation and survival or migration, among
many others. Therefore, the pathophysiolo-
gy of hypoxia is broad and complex, and it
is a clinical priority to unravel the molecular
mechanisms that link HIF-mediated signaling
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 sig-
naling impacts cardiovascular develop-
ment and homeostasis and on defining the
molecular mechanisms that orchestrate
adaptation to changes in oxygen levels in
both physiological and pathological con-
ditions. To determine the function of HIFs
and other hypoxia pathway elements during
homeostasis 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 oxy-
gen homeostasis with cardiovascular pathol-
ogy. In addition, we have established a clin-
ical collaboration network to investigate the
molecular basis of low-prevalence pediatric
vasculitis and understand the role of hypoxia

in its onset and progression. Our specific sci-
entific interests are depicted bellow.

Decipher the role of the VHL/HIF axis

in the development and maturation

of the heart

One of ourresearch lines is dedicated to inves-
tigating the influence of HIF signaling during
heart development and maturation. We have
discovered the fundamental role of VHL/HIF1
axis signaling in the establishment of meta-
bolic territories in the embryonic heart that
are essential for myocardial maturation and
proper formation of the ventricular cham-
bers. Our studies reveal that HIF1 signaling
controls a metabolic switch in embryonic car-
diomyocytes from glycolysis to fatty acid oxi-
dation (Developmental Cell, 2016, STAR Protoc,
2021). Furthermore, we have determined that
in the absence of glycolysis in HIF1 null cardio-
myocytes there is an activation of compensa-
tory mechanisms based on amino acids trans-
port and consumption in parallel to HIF2 and
ATF4 expression (iScience 2021, Adv Exp Med
Biol, 2024). Moreover, our research points to
new functions of VHL and HIF2 in the proper
formation of cardiac valves that are under in-
vestigation. In addition, we are exploring the
impact of maintaining HIF signaling activation
on the postnatal cardiomyocyte maturation
and cardiac performance. We are determin-
ing the influence of HIF signaling in neonatal
cardiomyocyte metabolism, sarcomeric and

mitochondrial structure, proliferation ability
and additional maturational hallmarks like bi-
nucleation and electrical coupling. Moreover,
we are interested in exploring the crosstalk
between cardiomyocytes and other cardiac
cell types in close contact with them and to
determine whether changes in hypoxia could
modulate these cell-cell interactions.

Characterization of the cellular and
molecular events controlled by HIF
transcription factors and VHL in coronary
homeostasis and vascular pathologies

A second 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 endothe-
lial and vascular smooth muscle cells of the
coronary vessels and cardiac fibroblasts, find-
ing that mutant mice develop several vascular
and myocardial alterations. We have elucidat-
ed the critical role of HIF2 in the development
of cardiovascular abnormalities and inflam-
mation by means of RNA sequencing, genetic
mouse models, and functional assays (Esco-
bar B et al. under revision). Furthermore, we
have established a clinical network of collabo-
rators to explore the influence of HIF signaling
in pediatric rare diseases displaying vascular
inflammation and cardiac complications.

To further understand the relative impact
of HIF signaling from endothelial and vascu-
lar smooth muscle cells, we have generated
novel mouse models of hypoxia activation in
these lineages. We are currently characteriz-
ing the phenotype of these mutants by clas-
sical histology, molecular analysis, advanced
cardiac imaging and functional analysis.

Understand the importance of
hypoxia-mediated signaling in cardiac
regeneration

In the lab we are also exploring the influence
of HIF transcription factors in cardiac regen-
eration during the neonatal window, when
mammalian hearts can still response to a car-
diac insult by efficient proliferation of pre-ex-
isting cardiomyocytes. To this aim, we are
performing left anterior descending coronary
artery ligation of neonatal pups deficient for
HIF1, HIF2 or both isoforms in the epicardi-
um or cardiomyocytes at day 0 (efficient re-
generation) or day 7 (non-efficient regenera-
tion) and investigating whether HIF mutants
display any beneficial or detrimental change
in terms of cardiac function (measured by
echocardiography), scar size or inflammatory
resolution after myocardial infarction. In ad-
dition, we will explore the impact of transient
activation of HIFs during the onset of myocar-
dial infarction in the regenerative capacity of
neonatal and adult hearts.




Identifying novel molecular mechanisms
connecting hypoxia signaling with

CV diseases

Finally, we are interested in the identifica-
tion of molecular mechanisms that connect
HIF signaling with the development and pro-
gression of CV diseases like cardiac hypertro-
phy or pulmonary hypertension. On the one
hand, we are investigating how endothelial
cells, pericytes and fibroblasts with activation
of the hypoxia pathway could signal to cardio-
myocytes and favor indirect hypertrophic re-
sponses using novel genetic models in these
cellular compartments. On the other hand,
we are uncovering novel roles of HIF2 in the
response to chronic hypoxia beyond its clas-
sical relevance in pulmonary endothelial cells.

PUBLICATIONS:

Our results showed that the absence of HIF2
in the Wilms-tumor 1 (Wt1) lineage protects
against pulmonary vascular remodeling and
elevation of right ventricular systolic pres-
sure. However, HIF2/Wt1 mutants displayed
microvascular instability, inflammation and
pulmonary hemorrhages, with significant re-
duction of the alveolar space. Moreover, HIF2
mutant mice present cardiac abnormalities
(ventricular hypertrophy and left ventricu-
lar systolic dysfunction) together with carot-
id body dysfunction. These results highlight
novel protective roles of HIF2 in the adapta-
tion to chronic hypoxia and warn on the de-
sign of therapeutic strategies for pulmonary
hypertension based on HIF2 pharmacological
inhibition (ATVB, 2025).

Albendea-Gomez T, Mendoza-Tamajon S, Castro-Mecinas R, Escobar B,
Ferreira Rocha S, Urra-Balduz S, Nicolas-Avila JA, Oliver E, Villalba-Ore-
ro M, Martin-Puig S. Vascular HIF2 Signaling Prevents Cardiomegaly,
Alveolar Congestion, and Capillary Remodeling During Chronic Hypox-
ia. Arterioscler Thromb Vasc Biol. 2025 Mar;45(3) :e78-e98. DOI: 10.1161/
ATVBAHA.124.321780
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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 translation-
al vocation with projects focused on the de-
velopment of new approaches and immuno-
therapeutic tools against cancer.

Development of a new CAR targeting
B cell neoplasias and new therapeutic
tools for cancers with bad prognosis
Researchers involved: Zapata, Juan Manuel;
Pérez Chacon, Gema, Aldea, Marcos,
Gaibar, Maria, Smith Gallego, Cristina,
Gonzdlez Muiioz, Celia, Anubla, Irene.

Overview:

Chimeric antigen receptor (CAR) T-cell ther-
apy has demonstrated remarkable efficacy
against some B-cell leukemias and multiple
myeloma, but the development of refractory/
relapsed disease is common. Furthermore,
effective treatments for many types of B-cell
lymphoma have not yet been achieved. Fol-
low-up of patients treated with CARs target-
ing these neoplasms shows that, in some
cases, more than 50% of patients relapse.
Among the most important factors caus-

ing the failure of this therapy are the loss of
target antigen expression and the lack of ef-
ficacy and persistence of the CAR T cells. In
fact, between 30% and 70% of patients with
relapsed disease after CAR T-cell treatment
have lost expression of CD19 or BCMA, two of
the target antigens used in the development
of CARs. Therefore, it is necessary to identify
new targets in B-cell malignancies for the de-
velopment of CAR T cells that can offer bet-
ter personalized options to patients and help
prevent or limit antigen escape.

Current Research:
We have developed a CAR based on a sin-
gle-chain variable region (scFv) derived from
an anti-CD45 antibody, developed by us, that
recognizes an epitope in the RA region of
CDA45 (CD45RA*). This epitope is restricted to
B cells, both normal and malignant, and is not
expressed in T lymphocytes or activated NK
cells; therefore, these CAR cells lack fratricid-
al activity. Furthermore, this target is not ex-
pressed in stem B cells nor in B memory and
plasma cells, so the patient would maintain
intact his/her acquired humoral immunity.
This CAR is functional and readily forms im-
mune synapses similar to those by the TCR.
In addition, we have generated lentiviral
vectors for 4th generation CAR T/NK (TRUCKSs,
T cells redirected for universal cytokine-me-




diated killing) that use metabolites and phys-
iological conditions found characteristic of
tumors, such as glioblastoma and osteosar-
coma, to trigger the production of anti-tumor
cytokines. Expression of these cytokines are
under the control of specific promoters acti-
vated by these metabolites and would restrict
their expression to the tumor, minimizing the
risk of cytokine release syndrome.

Macrophages, Nuclear Receptors
and Inflammation

Researchers involved.: Castril-

lo, Antonio; Alemany,

Susana; Guerrero, Erika; Navarro, Eliezer

Overview:

Inflammation is a protective response against
infections and injuries, but if it progresses un-
controlled, it can aggravate several diseases,
such as diabetes, cancer, or cardiovascular
diseases. During the onset and resolution/
repair phases of inflammation, macrophages
are particularly important cells. Macrophages
are a type of immune cell presentin all tissues,
with a great functional diversity in different an-
atomical locations. Macrophages are special-
ized in the protection of the organism against
foreign elements, mainly through their excel-
lent phagocytic and inflammatory capacity,
and also participate in multitude homeostatic
processes in the different sites of residence.
Thus, macrophages contribute to the homeo-
static and inflammatory balance in all tissues.

Our studies are focused on understanding the
functions of macrophages in different tissues
and different pathophysiological situations,
through the control of their activities exerted
at the transcriptional level by members of the
nuclear receptor superfamily.

LXR Nuclear Receptors:

Liver X receptors (LXRa and LXR[B, encoded
by Nr1h3 and Nr1h2 respectively) play crucial
roles in mammalian cholesterol homeosta-
sis, and are also involved in the inflammatory
response. LXRa is expressed in liver, adipose
tissue, intestine and macrophages, whereas
LXRpB 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. Mechanistical-
ly, LXRs positively regulate gene expression
through direct binding to DNA response ele-
ments (LXREs) within the regulatory regions
of target genes. Endogenous activation of
LXR in macrophages occurs, for example,
when macrophages accumulate cholesterol
derived from lipoprotein uptake or cellular
debris, which triggers the induction of a tran-
scriptional program to promote cholesterol
utilization. This is believed to be one of the
crucial functions of LXR in tissues. However,
LXR also plays important roles in inflamma-
tory macrophages in response to injury or
infection. Genetic deletion of LXR results in
defective innate immunity against various

pathogens, suggesting that endogenous LXR
activity potentiates innate immune respons-
es. The molecular mechanisms that activate
innate immune pathways and their connec-
tions with endogenous LXRa or LXRP activi-
ties have not been explored in depth, and is
one of the main interests of our group.

Current Research:

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 LXRa in mac-
rophages, through in vitro and in vivo studies

with mouse models of LXRa deficiency, and
knockin transgenics of conditional absence
or reporter mice. Our recent results suggest
that LXRa 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 LXRa in the
differentiation and transcriptional activity of
tissue-resident macrophages. Using genom-
ic strategies we search for the genome-wide
localization of LXRa, and we will analyze by
proteomic approaches the molecular inter-
actions of LXRa 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 LXRa 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.




PUBLICATIONS:

Baena-Nuevo M; Vera-Zambrano A; Martinez-Laperche C; Bufio
l; Mufoz-Calleja C; Valenzuela C; Zapata JM; Perez-Chacon G. In-
dole-3-carbinol is an inhibitor of KV1.3 potassium voltage-gated chan-
nel activity in chronic lymphocytic leukemia cells. EurJ Pharmacol. 2025;
1007:178281. DOI: 10.1016/j.ejphar.2025.178281.

Sanchez-Garcia, S.; Povo-Retana, A.; Marin, S.; Madurga, S.; Farifias, M;
Aleixandre, N.; Castrillo, A.; de la Rosa, JV.; Alvarez-Lucena, C.; Landau-
ro-Vera, R.; Prieto, P.; Cascante, M.; Bosca, L.; Immunometabolic Effect
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CoV2-Induced Cytokine Storm. A Fluxomic Approach. Adv Healthc. Ma-
ter. 2025 Jan,; 14(1): 2401688-2401688. DOI: 10.1002/adhm.202401688.

Glaria, E.; Martinez, PR.; Font-Diaz, J.; De la Rosa, JV.; Castrillo, A.; Craw-
shaw, DJ.; Vidal Taboada, JM.; Saura, J.; Matalonga, J.; Chini, E.; Caelles,
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Universidad Camilo José Cela.”. 2025. Marcos Aldea Romero y Gema
Pérez Chacon.




OUTREACH ACTIVITIES:

Semana de la Ciencia. Taller cientifico: Explorando la biologia celular:
Deteccidn de mutaciones y marcaje celular obre el aislamiento del
DNA. November 27, 2026

Laboratory recipient of awardees of the Spanish Biology Olympiad.
July 2025.

Laboratory participant in the program “Cientificos en Practicas” (CSIC
and Spanish Association for Science Advancement), aimed at young
people in the 3rd year of Compulsory Secondary Education (ESO) and
1st year of the Curricular Diversification Program (PDC), from public
Secondary Education Institutes. July 2026.

Participant in the program Cienciaterapia, Bringing science to hospi-
talized children with interactive workshops and safe experiments with
everyday materials. November 2025

Immunity, Immunopathology
and Emergent Therapies



department

of Neurological
Diseases
& Aging




Neuroprotective Strategies
in Neurodegenerative Diseases

TENURED SCIENTIST
Cuadrado Pastor, Antonio
(Catedratico). Group Coordinator

Rojo Sanchis, Ana
(Profesor titular)

CONTRACT RESEARCHER

Escoll Guerrero, Maria Isabel
Garcia Yagiie, Angel
Fernandez Ginés, Raquel
Carnicero Senabre, Daniel
Hortal Borowski, Alejandro

RESEARCH LINES:

Overview

Aging is the main factor contributing to
non-communicable diseases such as neuro-
degenerative Parkinson’s (PD) and Alzheim-
er's (AD) diseases and non-alcoholic stea-
tohepatitis (NASH/MASH). These chronic,
incurable diseases can have debilitating ef-
fects for years. Many degenerative organ
changes stem from local stress networks,
such as oxidative stress, closely related to
inflammatory and proteotoxic stress. The re-
search team studies protective mechanisms
to maintain homeostasis and how these
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Toro, Ayelén Rayen
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KEYWORDS
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NRF2, Neurodegeration, Oxidative.

mechanisms could be targeted pharmaco-
logically. The team is focusing on the tran-
scription factor NRF2, which regulates genes
involved in stress responses and metabolism.
Using rodent models and pharmacological
approaches, we are investigating the role of
NRF2 in protecting against oxidative damage
and neuroinflammation in models of neurode-
generative diseases as well as in protectin the
liver for fat accumulation, fibrosis and inflam-
mation in NASH models. Our main objectives
are related to: 1) Understand the mechanisms

of NRF2 regulation.2) Determineits role in pro-
tection against unwanted redox alterations,
chronic inflammation and metabolic distur-
bances, 3) Find putative biomarkers of NRF2
activity 4) ldentify novel drugs targeting NRF2
that could be translated to clinical practice.

Targeting NRF2 for Neuroprotection:
Investigating Small Molecule Therapeutics
for Alzheimer’s Disease.

Researchers involved: Garcia-Yague, A, Rojo, Al
Escoll, M; Carnicero-Senabre, D; Cuadrado, A.
We explored the potential of NRF2 activation as
a neuroprotective strategy in Alzheimer’s dis-
ease (AD) by investigating small molecule ther-
apeutics. In colaboratio nwith Prof. Masayuki
Yamamoto (Tohoku University, Sendai, Japan),
we analyzed the effects of CDDO-2P-Im, a po-
tent NRF2 inducer, in two AD mouse models:
AppNLGF and APP/TAU and found . We found
that APP/TAU mice exhibited a milder AD phe-
notype compared to AppNLGF mice, making
them more suitable for assessing early-stage
interventions. Our treatment experiments re-
vealed that CDDO-2P-Im significantly reduced
AB42 accumulation in APP/TAU mice without
affecting AB40 levels. This reduction led to a
lower AB42/AB40 ratio, a key indicator of am-
yloid plaque formation. We further examined
whether CDDO-2P-Im reached the brain and
successfully activated NRF2 target genes. Us-
ing LC-MS/MS, we detected CDDO-2P-Im in
the brains of treated mice. We also observed
increased expression of detoxification and an-

tioxidant genes, including Nqo1, Ugt1a6, and
Gclc, confirming NRF2 pathway activation. Ad-
ditionally, we found that CDDO-2P-Im elevated
glutathione (GSH) levels in the brain, which like-
ly contributed to its protective effects against
oxidative stress. Our findings suggest that
NRF2 activation through small molecule ther-
apeutics can effectively modulate AD-related
pathology by reducing amyloid accumulation
and enhancing antioxidant defenses. These
results support the potential of NRF2 inducers
as early-stage therapeutic candidates for AD.

Advancements in Blood-Brain Barrier
Integrity and Neurodegenerative

Disease Prevention

Researchers involved: Cazal-

la E; Garcia-Yague Al

Escoll, M; A, Rojo, Al; Cuadrado, A..

In 2024, our team conducted extensive re-
search on the role of the transcription fac-
tor NRF2 in maintaining the integrity of the
Blood-Brain Barrier (BBB) and its implications
for neurodegenerative disease prevention.
We analyzed the mechanisms by which NRF2.
Our findings suggest that NRF2 plays a cru-
cial role in protecting the BBB from damage
caused by oxidative stress and inflammation,
which are common pathological features in
neurodegenerative diseases such as Alzheim-
er's disease (AD), Parkinson's disease (PD),
and Huntington'’s disease (HD). We found that
NRF2 activation enhances the expression of
tight junction proteins, such as Claudin-5 and




Occludin, which are essential for maintain-
ing BBB integrity. Additionally, NRF2 reduces
the expression of matrix metalloproteinases
(MMPs), which are known to degrade BBB
components, thereby preventing BBB dis-
ruption. Our results also indicate that NRF2
mitigates neuroinflammation by suppressing
pro-inflammatory cytokines and promoting
antioxidant responses, which are critical for
neuronal protection. We also explored the
therapeutic potential of various NRF2 induc-
ers, including phytochemicals like sulfora-
phane, which showed promising results in
preclinical studies. By enhancing NRF2 activ-
ity, we believe it is possible to mitigate BBB
dysfunction and slow the progression of neu-
rodegenerative conditions.

Development and Pharmacokinetics

of NRF2-Activating Compounds

for Brain Disorders.

Researchers involved: Ferndn-

dez-Ginés, R, Miguez,

R, Olazabal-Chias M, Garcia-Yague, Al.; Rojo,

Al Cuadrado, A.

We have investigated the therapeutic poten-
tial of NRF2-activating compounds for brain
disorders, focusing on their development
and pharmacokinetic properties. We started
by reviewing the current literature on various
NRF2 activators, including synthetic triterpe-
noids, natural compounds, and electrophilic
agents, known for their ability to enhance an-
tioxidant and detoxification pathways in the

brain. Then, we analyzed the structure-activi-
ty relationships of these compounds, identify-
ing key structural features that contribute to
their NRF2-inducing efficacy and blood-brain
barrier permeability and neurodegeneration.
Our results suggest that specific structural
modifications can significantly enhance the
pharmacokinetic properties of NRF2 activa-
tors, leading to improved brain delivery and
target engagement. In particular, we found
that CDDO-2P-Im derivatives exhibit pro-
longed NRF2 activation in the mouse brain.

NRF2 as a Therapeutic Target

for Non-Alcoholic Steatohepati-

tis (NASH): Addressing Oxidative

Stress and Lipid Metabolism.

Researchers involved: Ferndndez-Ginés, R;

Escoll, M; Carnicero-Senabre, D, Jiménez-Ville-
gas, J; Garcia Yague, Al Rojo, Al; Cuadrado A.
We investigated the role of NRF2 as a thera-
peutic target in non-alcoholic steatohepatitis
(NASH) by addressing oxidative stress and li-
pid metabolism. We focused on the NRF2/(3-
TrCP interaction as a novel approach to modu-
late NRF2 activity in the liver while avoiding the
side effects associated with KEAP1 inhibition.
We assessed the effects of PHAR, a selective
NRF2/B-TrCP protein-protein interaction in-
hibitor, in liver cells and a STAM mouse model
of NASH. Our experiments demonstrated that
PHAR effectively activated NRF2 in hepato-
cytes, Kupffer cells, and hepatic stellate cells,
leading to an increase in antioxidant and met-

abolic gene expression. PHAR also suppressed
lipopolysaccharide (LPS)-induced inflamma-
tion in Kupffer cells and attenuated TGF-B-in-
duced fibrotic responses in hepatic stellate
cells. Using the STAM model, which mimics
the full spectrum of human NAFLD, we ana-
lyzed PHAR's effects on liver fat accumulation,
oxidative stress, inflammation, and fibrosis.
MRI imaging revealed that PHAR significant-
ly reduced hepatic steatosis, and molecular
analysis showed a reduction in inflammatory
markers such as IL-6 and TNF-q, as well as ox-
idative stress indicators including glutathione
(GSH/GSSG ratio), malondialdehyde (MDA),
and carbonylated proteins. Histological anal-
ysis confirmed that PHAR reduced hepato-
cellular lipid accumulation and inflammation.
Furthermore, PHAR treatment attenuated fi-
brosis progression, as evidenced by decreased
collagen deposition (Sirius red staining) and

PUBLICATIONS:

reduced expression of fibrotic markers such
as a-SMA (Acta2), collagen genes (Col1a1,
Col3a1), and pro-fibrotic signaling molecules
(TGF-B, PDGF). Our transcriptomic analysis
indicated that PHAR upregulated anti-fibrotic
genes (Plg, Serpinala, Bmp7) while downreg-
ulating pro-fibrotic (Acta2, Col3a1), extracellu-
lar matrix remodeling (Mmp3, Mmp9, Timp1),
and inflammatory (Nfkb1, Il1b, CcI3) genes.
These findings suggest that NRF2 activation via
B-TrCP inhibition provides a milder but effec-
tive therapeutic strategy against NASH with-
out the adverse effects observed with strong
NRF2 activation. Overall, our results support
PHAR as a promising therapeutic candidate for
NASH by reducing oxidative stress, inflamma-
tion, and fibrosis. Further studies are needed
to evaluate its long-term safety and efficacy in
clinical settings.
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A. Npy1R expression in a coronal section of the adult mouse brain. B. In
the paraventricular hypothalamic area (PVH), located bilaterally around
the third ventricle (3V), activated NpyTR ™ neurons are identified by
colocalization with , @ marker of neuronal activation, using RNAscope
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Overview

Our research focuses on the development
and function of neurocircuits involved in the
regulation of metabolism. The hypothalamus
is the primary region of the central nervous
system responsible for controlling metabolic
responses and maintaining energy balance.
It contains specialized neurocircuits that
integrate internal signals (neuronal input,
hormones, and nutrients) and external cues
(food availability, circadian rhythms) to mod-
ulate appetite, energy expenditure, and the
metabolic responses of peripheral organs.
Dysfunction in these circuits leads to a sus-
tained positive energy balance and contrib-
utes to the development of obesity.

Obesity, a chronic disease characterized
by excessive lipid accumulation, has tripled in
prevalence among adults worldwide and has
also increased markedly in children and ado-
lescents. It significantly elevates the risk of de-
veloping cardiometabolic diseases (CMDs), in-
cluding diabetes and cardiovascular disorders,
thereby reducing quality of life and creating a
substantial burden on healthcare systems.

To investigate the mechanisms underly-
ing metabolic regulation, we use transgen-
ic mouse models combined with advanced
neuroscience approaches (chemogenetics,
AAV-mediated manipulation, circuit mapping,
brain clearing, in situ RNA detection, etc.), se-
quencing technologies (bulk and single-cell

RNA-seq), molecular biology techniques (RT-
PCR, Western blotting), and comprehensive
metabolic phenotyping (metabolic cages, in-
direct calorimetry, ITT, GTT, etc.). We also im-
plement developmental programming inter-
ventions by assessing the impact of high-fat
diets (HFD) during the lactation period. Our
research aims to unravel the causes of obe-
sity, diabetes, and other metabolic diseases,
identify new druggable targets involved in
metabolic control, and contribute to the de-
velopment of improved strategies to reduce
childhood obesity.

Role of hypothalamic neurocircuits in the
control of peripheral metabolic responses
Researchers involved: Juan de Solis, Alain

Recent publications using deep sequencing
analysis have delineated the main neuronal
subpopulations within the hypothalamus,
and several key metabolic neurocircuits are
located in the paraventricular nucleus (PVH).
The PVH receives abundant neuronal input
from other hypothalamic nuclei and projects
axonal terminals to multiple hypothalamic
and extra-hypothalamic regions, including
the median eminence, the striatum, and the
brainstem. The dorsal vagal complex (DVC)
of the brainstem contains several neurons
that form part of the autonomic nervous sys-
tem, which receives direct neural connections




from PVH neurons. Because of its position
and connectivity, the PVH acts as an integra-
tion center that coordinates hypothalamic
neural activity and modulates feeding behav-
iors, energy expenditure and the metabolic
responses of peripheral organs.

A recent innovative study classified PVH
neuronal populations proposed that PVH
neurons expressing the Npy1R gene—the re-
ceptor for neuropeptide Y (NPY)—function as
a key integrator population based on their re-
sponses to physiological states such as hun-
ger, satiety, thirst, and fear. In line with this,
my previous research uncovered the critical
role of Npy1R-PVH neuronsin the coordinated
control of feeding, although other metabolic
functions were not characterized. Further-
more, results also suggested that Npy1R-PVH
neurons are resilient to the effects of chronic
HFD adult exposure.

This research line will therefore inves-
tigate the metabolic roles of Npy1R-PVH
pre-autonomic neurons and address the fol-
lowing objectives:

+ Delineate Npy1R-PVH neurocircuits and
determine their role in energy balance.

* Characterize the impact of HFD-induced
obesity on the function of Npy1R-PVH
neurocircuits.

Impact of obesogenic diets during
the postnatal maturation of hy-
pothalamic neurocircuits.
Researchers involved: Juan de Solis, Alain
Epidemiological studies show a strong link
between environmental changes during crit-
ical developmental periods and the early on-
set of obesity and CMDs. These developmen-
tal disruptions can alter growth trajectories
and increase susceptibility to adverse nutri-
tional environments later in life. Obesogenic
diets are the main environmental factor driv-
ing molecular, cellular, and systemic changes
that promote a positive energy balance. In
mice, hypothalamic neurocircuit formation
occurs postnatally, corresponding to the
third trimester of human gestation. Maladap-
tive maturation of these circuits, triggered by
obesogenic diets, can impair the coordinat-
ed metabolic responses of peripheral organs
and facilitate the onset of childhood obesity.
This research line will characterize the
development of PVH neurocircuits and their
susceptibility to developmental programming
by altered nutritional states. To achieve this,
we will pursue the following objectives:
*  Map the temporal development of PVH ax-
onal projections across the postnatal period.
+ Evaluate the impact of HFD exposure during
lactation period on PVH axonal projections.
* Analyze transcriptional changes in PVH
neurons induced by HFD exposure
during lactation.
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Fig. 1 Experimental procedures to explore MCT8 deficiency pathophysiology in vivo by magnetic resonance
imaging techniques. (a) Representative protocol for magnetic resonance imaging procedures in mice. (b) The
panel shows representative Pseudocolor Image Look-Up Table (LUT) maps from maximal intensity projections
of 2D Time of Flight-Magnetic Resonance Angiography (TOF-MRA) acquisitions of the cerebral blood-vessel
network of WT and Mct8/Dio2K0 mice, an animal model for MCT8 deficiency. Modified from Guillén-Yunta M
et al. Fluids and Barriers of the CNS (2023) 20:79. (c) T2 weighted image from a 6-month-old WT animal with
embedded ROI for Diffusion Tensor Imaging (DTI) maps analyses
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Overview

Thyroid hormones (THs) are essential for ver-
tebrate development, regulating growth and
metabolism in all tissues. The developing cen-
tral nervous system (CNS) is particularly sen-
sitive to TH deficiency, which can cause neu-
rological alterations depending on timing and
cause. Maintaining normal TH levels during
neurodevelopment is therefore critical. How-
ever, the regulation of TH availability and ac-
tion in the CNS remains poorly understood,
and this knowledge is key for understanding
CNS neurodevelopment and CNS repair and
regeneration in pathological conditions.

Our research group is committed to advanc-
ing the understanding of the pathophysiology
and disease mechanisms in the CNS associ-
ated with rare disorders caused by defects in
TH signaling and altered TH availability. Our
research aims to characterize potential thera-
peutic targets and innovative approaches that
can facilitate the development of therapeutic
strategies for these conditions. Furthermore,
our investigations will enhance our compre-
hension of the role THs play in neurodevelop-
ment, brain function and plasticity.




We are interested in investigating the patho-
physiology of an X-linked, inherited rare dis-
ease caused by mutations in the Monocar-
boxylate transporter 8 (MCT8), a specific TH
transporter. This condition, known as the
Allan-Herndon-Dudley syndrome (AHDS) or
MCT8 deficiency, leads to peripheral hyper-
thyroidism and profound neurological impair-
ments, primarily due to brain hypothyroidism.
However, the underlying pathophysiological
mechanisms remain poorly understood. Ad-
ditionally, we aim to develop preclinical stud-
ies to explore potential therapies for the un-
met neurological needs of patients.

We are also interested in understanding
the role of MCT8, other TH transporters and
deiodinases, the enzymes that metabolize
THs in the CNS, during neurodevelopment.

To achieve our goals:

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

+  We investigate the phenotype of several
disease animal models using different ex-
perimental approaches, primarily in vivo
studies. The majority of these experimen-
tal models have been developed in our
laboratory. These include animals with
congenital hypothyroidism, mice deficient
in MCT8, the main TH transporter at brain
barriers and in neural cells, and knock-
out models for other TH transporters and

deiodinases involved in TH metabolism
and action. Using these models, we aim
to dissect the role of MCTS, additional TH
transporters, and deiodinases in regu-
lating TH availability and signaling in the
CNS during neurodevelopment, as well as
their impact on CNS plasticity processes
such as glial remodeling and adult neuro-
genesis.

*  We conduct preclinical studies using AHDS
animal models to evaluate the effects of
different TH analogs on TH target neural
cells under MCT8-deficient conditions.
More recently, we have also been evalu-
ating the effects of various gene therapy
approaches on MCT8-deficient disease
animal models.

Unraveling the Pathophysiologi-

cal Basis of MCT8 Deficiency

Our current and future general objective is to
contribute to the understanding of how MCT8
deficiency leads to neurological deterioration
in affected patients. To this end, we are investi-
gating histopathological alterations in the CNS
of affected patients with different histological
techniques and immunohistochemistry, and
magnetic resonance imaging techniques, as
well as other non-invasive techniques to eval-
uate motor alterations. We also investigate
histopathological and neurological alterations
in AHDS disease animal models.

We have identified important disease mecha-
nisms affecting glial cells and blood-brain bar-

rier permeability and function, and we are now
further dissecting these processes to better un-
derstand their role in disease progression.

To develop therapeutic strategies aimed
to prevent or reverse the neurological
alterations associated with MCT8
deficiency.

MCT8 deficiency is a rare disorder character-
ized by peripheral hyperthyroidism and cere-
bral 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 devoted significant efforts to developing
therapeutic strategies to address these neu-
rological deficits.

PUBLICATIONS:

The neurological manifestations in the AHDS
mainly result from impaired TH transport
across the brain barriers, leading to reduced
TH availability in the brain. Based on this patho-
physiological mechanism, we have conducted
preclinical studies using TH analogs capable of
crossing cellular membranes independently
of MCT8. We have obtained promising results
with one of these analogs and are currently
expanding and deepening these studies to fur-
ther evaluate its therapeutic potential.

More recently, we have been investigat-
ing the potential of gene therapy to mitigate
the neurological alterations associated with
MCT8 deficiency, including the development
of targeted gene therapy strategies in collab-
oration with international institutions.
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Overview

Neurodegenerative diseases, such as Alzheim-
er's disease, Parkinson’s disease, and amyo-
trophiclateral sclerosis (ALS), are characterized
by a progressive loss of synapses and neurons
in the central nervous system. Although their
origin is complex and multifactorial, the dis-
ruption of redox homeostasis plays a central
role in these processes. Aging is the main risk
factor, and the disease often progresses si-
lently for decades before the appearance of
the first clinical symptoms.

Currently, there are no curative therapies
for these conditions, highlighting the urgent
need to identify new therapeutic targets and
early biomarkers that enable early diagnosis
and the development of personalized treat-
ments. Research in redox biology and the
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study of molecular mechanisms involved in
synaptic loss are essential to advance the fight
against neurodegenerative diseases.

Redox imbalance and stress granule
dynamics in ALS

Exploring the interaction between oxidative
stress, mitochondrial dysfunction, and stress
granule behavior as a reflection of RNA meta-
bolic pathway functionality.

Study of the synaptic lipid profile

Integrated evaluation of data obtained
through transcriptomic and lipidomic analyses
of synaptic dysfunction in Alzheimer’s disease.

logical target.
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FUNDING:

Optimizacion y validacion in vivo de farmacos innovadores para el tratamien-
to de taupatias. S2022/BMD-7230. Comunidad Autdbnoma de Madrid. 2023-
2026. PI: Antonio Cuadrado y Ana Isabel Rojo

Papel del factor de transcripcion NRF2 en proteccion sinaptica en las Tau-
patias. PID2022-1417860B-100. MICINN. 2023-2026. PI: Antonio Cuadrado y
Ana Isabel Rojo

Peripheral Redox and Inflammation Signatures for Biomarker Discovery in
Parkinson’s Disease. CIUP22A7619. Fundacion Ramon Areces. 2025-2028. PI:
Ana Isabel Rojo

PATENTS:

"Tetrahydro-Spiroindoline-Pyrrolopyrrole-Triones Inhibitors of the NRF2-3-TrCP
Interaction for Use in the Treatment of Fatty Liver Disease”. Antonio Cuadrado
Pastor, Raquel Fernandez Ginés, José Antonio Encinar, Rafael Ledn, Juan Felipe
Franco-Gonzalez, Manuela Garcia Lépez, Maria Isabel Rodriguez Franco y Ana
Isabel Rojo Sanchis. PCT/ EP2022/050657 WO 2022/152800 A1". 2024
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Mejor Publicacién en el Area de Neurociencias del IdiPAZ. Madrid. 2025
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Overview

The Biomedical and Biophysics Magnetic Res-
onance lab focuses its research on the study
of brain mechanisms underlying biomedi-
cal problems, using advanced imaging tech-
niques (MRI, MRS, PET) combined with bio-
physical, metabolomic, and machine learning
approaches. Our main research lines inves-
tigate the neurological changes associated
with the development of metabolic diseases
(such as obesity) and their treatment, as well
as processes related to aging. Our aim is to
understand how these conditions or treat-
ments modify brain structure and function,
and to provide innovative tools for the stand-
ardization, analysis, and interpretation of
neuroimaging data.

Brain effects of anti-obesity drugs

in animal models

Studies in diet-induced obese mice, exploring
modulators such as GLP-1 agonists or dual
GLP-1-RA/GIP-RA, with a multidisciplinary ap-
proach (MRI, MRS, immunofluorescence, and
systemic biomarkers).

Brain effects of pharmacological and sur-
gical treatment in patients with obesity
Longitudinal studies using MRI and MRS to
characterize responses to GLP-1-RA/GIP-RA
drugs and, in the medium term, compare
them with bariatric surgery.

Biophysical models of the MRI signal
Development and implementation of ad-
vanced biophysical models, with a strong fo-
cus on diffusion imaging (Diffusion Kurtosis
Imaging, NEXI, SANDI).

Standardization of MRI pr

and post-processing

Optimization of neuroimaging workflows and
data analysis through the implementation of
state-of-the-art pre-processing pipelines, and
advanced statistical methods and machine
learning for post-processing.

PUBLICATIONS:

Machine learning models applied

to metabolomics and radiomics
Integration of multiparametric biomarkers to
characterize brain processes associated with
obesity, metabolism and aging.

New biomarkers of obesity, metabolic
dysfunction and aging processes
Exploration of advanced MRI sequences
to evaluate neuroinflammation and
cerebral metabolism.

Tirado-Garcia, P.; Ferreiro, A.; Gonzalez-Alday, R.; Arias-Ramos, N.; Liz-
arbe, B.; Lopez-Larrubia, P. Aquaporin-4 inhibition alters cerebral glu-
cose dynamics predominantly in obese animals: an MRI study. Sci Rep.
2025, 75:15649. DOI: 10.1038/541598-025-99641-1

DOCTORAL THESES AND OTHER WORKS:

Marta Rodrigo Diaz

Final degree's project. Resonancia magnética de los cambios cerebrales sub-
yacentes al desarrollo de obesidad. Universidad Autdnoma de Madrid. 2025.
Supervisor/s: Blanca Lizarbe Serra Y Adriana Ferreiro de Aguiar. Grade:
Sobresaliente.
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The cerebral changes that underly obesity development and treat-
ment: multimodal imaging and magnetic resonance spectroscopy
(PhotOBrains). PID2021-1268880A-100. Agencia Estatal de Investi-
gacion. 2022-2026 PI: Blanca Lizarbe Serra..
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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-related
conditions brings increased physical limitations
and illnesses, creating significant strain not
only on medical resources but also on those af-
fected and their loved ones. Among the most
concerning aspects of aging are neurodegen-
erative conditions, particularly frontotemporal
dementia (FTD), Parkinson’s disease (PD), and
amyotrophic lateral sclerosis (ALS). A critical so-
cietal priority is developing effective treatments
for these conditions, which requires advances
in biomarker identification, pharmaceutical de-
velopment, and technological innovation. Our
laboratory focuses on understanding neurode-
generation at the molecular level. We employ a
comprehensive research strategy that bridges
fundamental science with clinical applications,
utilizing various experimental approaches in-
cluding cell cultures, mouse models, and analy-
sis of tissue samples from individuals who had
FTD, PD, and ALS.

Targeting pyroptosis in TAU-induced
neurodegeneration: mechanisms

and modulation

Researchers involved: Silva-Llanes, I Arribas, M;
Fejjen, D; Lastres-Becker, |.

Frontotemporal dementia (FTD) is an early-on-
set progressive neurodegenerative disease

primarily characterized by neuronal degen-
eration 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 molecular
perspective, FTD is mainly characterized by
aggregates of TAU or TDP-43 proteins. There
is also a dysregulation of redox homeostasis
and low-grade chronic neuroinflammation.
Recent research has revealed a strong con-
nection between neuroinflammation and TAU
protein-related neurodegeneration. A key dis-
covery shows that the NLRP3 inflammasome,
when activated, can significantly impact TAU
pathology and subsequent neuronal death.
This process involves pyroptosis - a specific
form of cell death that occurs when the NLRP3
inflammasome assembles, leading to GASDER-
MIN D (GSDMD) cleavage and the subsequent
release of inflammatory molecules IL-13 and
IL-18. To better understand this relation-

ship, our laboratory investigated pyroptosis's
role in TAU-driven neurodegeneration using
two distinct experimental approaches.




CB2 Cannabinoid Receptor Modulation

as a New Therapeutic Strategy

to Protect Against TAU-dependent

FTD Neurodegeneration

Researchers involved:Silva-Llanes, |: Sudrez,

J; Rodriguez, C; Lastres-Becker, 1.

TAU protein is the main component of intracel-
lular filamentous deposits that define a series
of neurodegenerative diseases called tauopa-
thies. Generally, tauopathies are characterized
by alterations in synaptic plasticity, cell death,
proteinopathy, and neuroinflammation. De-
spite enormous efforts to find a cure for these
diseases, an effective treatment does not yet
exist. In our laboratory, we approach this chal-
lenge with two different approaches. We have
demonstrated both in vitro and in vivo that
neurons with TAU accumulation induce the
expression of the CB2 cannabinoid receptor,
which enhances neurodegeneration. There-
fore, in our first approach, we focus on study-
ing the pharmacological modulation of the CB2
receptor and its effects on TAU-induced neuro-
degeneration. Currently, there are no specific
biomarkers for tauopathies that would allow
for prognosis/diagnosis of these diseases.

Differential Function of Mitochondria
in Neuron and Astrocyte
a-synuclein-dependent

Parkinson’s Disease

Researchers involved: Solar Ferndndez, V,
Flores, D; Ledn, L; Mihaila, G; Lastres-Becker, .

Parkinson’s Disease (PD) is the most prevalent
neurodegenerative disease with motor alter-
ations characterized by the degeneration of
dopaminergic (DA) neurons in the substantia
nigra and the accumulation of protein aggre-
gates in so-called Lewy bodies, where the most
abundant protein is alpha-synuclein (a-SYN). In
addition to the neurodegenerative process and
protein accumulation, PD is characterized by
low-grade chronic inflammation and oxidative
stress, which are associated with mitochon-
drial alterations. PD has been predominant-
ly approached from a neuron-centric point of
view, without considering other cell types, such
as astrocytes, which are part of the tripartite
synapse. However, we cannot rule out that mi-
tochondrial dynamics and function may also
be altered in astrocytes and differently from
DAergic neurons, contributing to the onset and
propagation of the disease. Therefore, in this
research project, we aim to address the hypoth-
esis that mitochondrial dynamics and function
may be different between neurons and astro-
cytes in a-SYN-associated PD.

Fighting against Parkinson's

Disease with SGK1 inhibitors

Researchers involved: Solar Ferndndez, V; Flores, D;
Mihaila, G; Gonzdlez de Mesa, E; Lastres-Becker, |.
Parkinson's disease (PD) is the second most
common neurodegenerative disorder char-
acterized by the degeneration of dopamin-
ergic neurons of the substantia nigra and the
accumulation of protein aggregates, called

Lewy bodies, where the most abundant is
alpha-synuclein (a-SYN). In addition to the
neurodegeneration and the accumulation of
proteins, PD is characterized by chronic low-
grade inflammation and mitochondrial alter-
ations that lead to oxidative stress. Currently,
PD patients are only treated with dopamine
replacement therapy (levodopa), with serious
side effects and which also does not stop the
degenerative condition. or this reason, in this
innovative research project we want to ad-
dress this challenge by developing new SGK1
kinase inhibitors to alleviate the 3 main hall-
marks: neuroinflammation, autophagy/mito-
phay and oxidative stress. Preliminary results
of our research groups support this hypoth-
esis. For this, we will carry out a multidiscipli-
nary approach from in vitro assays, evaluate
new small molecules capable of selectively
inhibit SGK1 and finally, we will evaluate the
efficacy of these molecules in preclinical tri-
als in a murine model of PD. The results ob-
tained from this project have an immediate
projection as a possible clinical tool for the
treatment of patients with PD.projection as a
possible clinical tool for the treatment of pa-
tients with PD.

Exploring the Pathophysiological Links
Between Parkinson’s Disease, Hyper-
tension, and Acute Lung Inflammation
Researchers involved: Solar Ferndn-

dez, V; Flores, D; Mihaila, G; Gonzalez

de Mesa, E; Lastres-Becker, |.

This research line examines the interplay be-
tween PD, hypertension, and acute lung in-
flammation (ALI), aiming to elucidate shared
pathophysiological mechanisms and their
impact on disease progression and patient
outcomes. The project focuses on how sys-
temic processes, particularly inflammation,
vascular dysfunction, and altered autonomic
regulation, may contribute simultaneously to
neurodegeneration, cardiovascular dysregu-
lation, and pulmonary injury. By integrating
molecular profiling with functional assess-
ments across brain, cardiovascular, and lung
systems, the study seeks to clarify whether
acute inflammatory events in the lung and
chronic blood pressure alterations can ex-
acerbate PD-related pathology or symptom
severity. Ultimately, this work aims to identify
convergent biological pathways and potential
therapeutic strategies capable of addressing
neurological, cardiovascular, and respiratory
complications in a unified framework.




PUBLICATIONS:

Rojo, Al.; Buttari, B.; Cadenas, S.; Carlos, AR.; Cuadrado, A.; Falcao,
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Trougakos, IP.; Dinkova-Kostova, AT. Model organisms for investigating
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dox Biol. 2025 Feb;79:103464. DOI: 10.1016/j.redox.2024.103464.

Silva-Llanes, I.; Madruga, E.; Martinez, A.; Lastres-Becker, I. RIPK1 ex-
pression and inhibition in tauopathies: implications for neuroinflamma-
tion and neuroprotection. Front Neurosci. 2025 Jan 27;18:1530809. DOI:
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Silva-Llanes, |.; Rodriguez-Lépez, S.; Gonzalez-Naranjo, P.; Sastre, ED.;
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DOCTORAL THESES AND OTHER WORKS:

Ignacio Silva Llanes

Ph.D. thesis. Nuevas estrategias terapéuticas para el tratamiento de la de-
mencia frontotemporal. Universidad Autonoma de Madrid. 2025. Super-
visor/s: Isabel Lastres Becker. Grade: Sobresaliente Cum Laude.

Javier Suarez Fonseca
Master’s thesis. Analysis of the pyroptosis process in Amyotrophic Lateral
Sclerosis: comparative study between a murine model and patient samples.

Universidad Auténoma de Madrid. 2025. Supervisor/s: Isabel Lastres
Becker. Grade: Matricula de Honor (9.8).

Lucia Teresa Ledn Alonso

Final degree’s project. Evaluacion de PMI y Omaveloxolona como modu-
ladores de NRF2 en un modelo celular de a-SINUCLEINA para la enfermedad
de Parkinson. Universidad Autbnoma de Madrid. 2025. Supervisor/s: Isa-
bel Lastres Becker. Grade: Notable (8.9).

Giulia Mihaila

Final degree’s project. Andlisis del efecto de la hipertension arterial sobre
el proceso neurodegenerativo en un modelo murino de la enfermedad de
Parkinson. Universidad Autonoma de Madrid. 2025. Supervisor/s: Isabel
Lastres Becker. Grade: Notable (8.9).

FUNDING:

“Targeting SGK1: Bridging Therapies for Parkinson and Cardiovascular
Diseases (SGK1-4PDCar)". Coordinated with National Research Council, U.
Complutense de Madrid (UCM), Jiménez Diaz Foundation, U. Auténoma
de Madrid (UAM). PI UCM group: Isabel Lastres-Becker. Funding agency:
Joint call Centre for Network Biomedical Research (Ciber) of Cardiovascu-
lar Diseases and Ciber Neurodegenerative diseases. Duration: 2024-2026.

Convocatoria 2022 - «Proyectos de |+D+i» Ministerio de Ciencia, In-
novacion y Universidades: “a-Synuclein-dependent neuron-astrocyte
differential function of mitochondria in Parkinson's disease (MitAsNe-
u4PD)". Pl: Isabel Lastres-Becker. (Universidad Autonoma de Madrid).
01/09/2023-31/08/2027.

Beca Dr. Luis Alvarez 2023 de grupos emergentes o clinicos asocia-
dos “Receptor cannabinoide CB2: Validacion como Biomarcador en
Demencias TAU-dependientes”. Pl: Isabel Lastres-Becker. (IdiPaz).
01/02/2024-31/01/2026.
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“Compuestos inhibidores de SGK1 y su uso para el tratamiento de en-
fermedades neurodegenerativas y/o cardiovasculares”. Ana Martin-
ez, Carmen Gil; Enrique Madruga; Alberto Garcia-Rubia; Eduardo Ol-
iver; Ana Briones; Isabel Lastres-Becker. PCT/ES2025/070297. Espafa.
07/06/2024. CSIC-UAM.
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Final degree's project. Pablo Baceiredo Macho Accésit Plus del Certamen
Universitario Arquimedes 2024 (recibido 25 noviembre 2025).

31 reunién anual de farmacoélogos de la Comunidad de Madrid (Farma-
drid 31): premio a la mejor comunicacion oral a Ignacio Silva Llanes.

Isabel Lastres Becker: Lista Forbes 50 over 50 Espafia: https://forbes.es/
listas/698651/lista-forbes-50-over-50-2025/
OUTREACH ACTIVITIES:

| Congreso Investigadoras ODS en el Lope de Vega. Title: ;Tiene cura la
enfermedad de Alzheimer?. Date: 12-02-2025.

Il jornada sobre enfermedades raras-Instituto de Investigaciones Bi-
omeédicas Sols-Morreale. Title: Desentrafiando los misterios del cerebro:
La lucha contra la Demencia Frontotemporal. Date: 24-02-2025.
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Overview

The THERABRAIN research group focuses on un-
derstanding the biological mechanisms under-
lying glioblastoma progression and therapeutic
response through the integration of advanced
imaging, tumor metabolism, and immunother-
apy-related processes. The laboratory combines
in vitro, in vivo, and computational approaches
to identify functional interactions between tumor
microenvironment, immune regulation, and met-
abolic reprogramming, with the ultimate goal of
developing non-invasive biomarkers and preci-
sion therapeutic strategies in neuro-oncology.

Immunotherapy and Tumor
Immunometabolism in Glioblastoma

This research line investigates the functional
relationship between immune checkpoint reg-
ulation and tumor metabolic pathways in glio-
blastoma. Experimental modulation of PD-L1,
IDH1, IDO1, and Chk-a in murine and human
glioblastoma models has revealed coordinat-
ed alterations in metabolite profiles, including
lactate, glutamate, and phosphocholine, sup-
porting the existence of an immunometabolic
regulatory axis. Transcriptomic analyses from
public datasets further reinforce the inverse
relationship between PD-L1 and Chk-a ex-
pression in human tumors, highlighting trans-
lational relevance. These findings provide a
mechanistic basis for the design of combined
metabolic-immune therapeutic strategies.

Multimodal Imaging and Biomarker
Development in Glioblastoma

This line aims to develop and validate imag-
ing-based biomarkers capable of character-
izing tumor metabolism, immune microenvi-
ronment, and therapeutic response in vivo.
Advanced magnetic resonance imaging proto-
cols—including quantitative T1/T2/T2%*, diffu-
sion, magnetization transfer, and spectrosco-
py—have been optimized in orthotopic murine
glioblastoma models. Complementary mass
spectrometry imaging enables spatial molec-
ular validation of imaging findings, supporting
the identification of predictive biomarkers for
precision medicine applications. Current work
focuses on integrating multimodal datasets
and preparing therapeutic intervention studies.

Exercise, Brain Physiology,

and Tumor Hypoxia

A complementary research direction evaluates
the impact of aerobic physical exercise on glio-
blastoma growth dynamics and tumor oxygen-
ation using oxygen-enhanced magnetic reso-
nance imaging (OE-MRI). Preclinical evidence
indicates slower tumor progression and in-
creased intratumoral oxygenation in exercised
animals, together with sex-dependent biologi-
cal responses. These results support the role of
exercise as a modulator of tumor hypoxia and
highlight OE-MRI as a non-invasive monitoring
tool in experimental glioblastoma.
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DOCTORAL THESES AND OTHER WORKS:

Carla Cordero Pedrero

Master’s thesis. Evaluacion del impacto del ejercicio fisico en el crecimien-
to del glioblastoma medido mediante imagen de resonancia magnética.
Universidad Complutense de Madrid. 2025. Supervisors: Pilar Lopez
Larrubia; JesUs Pacheco Torres; Maria Begofia Quintana.

FUNDING:

Inmunoterapia personalizada para glioblastoma: interaccion entre
puntos de control inmunitario, microentorno tumoral y metabolismo
tumoral.

Reference: PID2022-1375720A-100. Funding organization: Agencia Es-
tatal de Investigacion (AEl) - Ministerio de Ciencia e Innovacion.
Dates: 01/09/2023 - 31/08/2026. PI: Jesus Pacheco Torres.

Total direct funding: 170,000 £.

OUTREACH ACTIVITIES:

The project has contributed to multiple scientific dissemination and
training initiatives, including participation in the Semana de la Cien-
cia at the Instituto de Investigaciones Biomédicas Alberto Sols and
outreach activities within the Ciencia en el Barrio program aimed at
pre-university students. In addition, the group has supervised un-
dergraduate and master's research projects and submitted scientific
communications to national and international conferences, alongside
a manuscript currently under peer review.



ImAigenelab - Dynamic Cancer
Insight With Al

TENURED-TRACK SCIENTIST

Alieva Krasheninnikova, Maria
(Investigadora Talento CAM, CSIC)

TECHNICAL SUPPORT PERSONNEL
Fernandez Archidona, Sandra

KEYWORDS
CONTRACT RESEARCHER Artificial intelligence, Cancer, Computational
Hoffman Garcia, Oliver John biology, Immunotherapy, Invasion, Live ima-
Molina Moreno, Miguel ging, Single cell
Villegas L6pez, Lupe Ivette
Zamora Berna, Jorge Aurelio
Falempin, Clarissa Anastasie
Rubio Muiioz, Alejandra
Rios Jiménez, Emilio

INSTITUTO B
INVESTIGADIONES . R
BIGMEDICAY

5015 MORREALT

< Return to index

RESEARCH LINES:

Overview

The group of Dr. Alieva (imAlgene-lab) is a
computational research laboratory focused
on the development and integration of ad-
vanced functional and molecular omics to
study cancer biology. Our work combines
quantitative live-cell microscopy, single-cell
and spatial omics, and data-driven modeling
to extract biologically and clinically meaning-
ful insights from complex biological systems.
A central concept of the lab is the treatment
of quantitative microscopy as a functional
omics layer, capturing dynamic cellular be-
haviors—such as motility, interaction, and
invasion—as high-dimensional, single-cell
readouts that are directly comparable and
integrable with transcriptomic, proteomic,
and spatial molecular data. Through close
collaborations with leading experimental
laboratories specializing in state-of-the-art
imaging, organoid models, and sequencing
technologies, we develop integrative frame-
works that link cellular function, molecular
state, and tissue context.

Our research addresses two main biological
guestions in oncology:

1. Understanding mechanisms of response and
resistance to cellular immunotherapies, and

2. Dissecting the cellular and microenviron-
mental determinants of tumor invasion.

Across both lines, we focus on integrating func-
tional imaging data with multi-omic molecular
profiles to uncover how molecular programs
translate into cellular behaviors that ultimately
determine therapeutic outcome.

Decoding tumor resistance
to cellular immunotherapy
Researchers involved: Zamora Berna, Jorge
Aurelio, Molina Moreno, Miguel, Rubio Mufioz,
Alejandra; Rios Jiménez, Emilio, Ferndndez Archi-
dona, Sandra, Alieva Krasheninnikova, Maria
Despite the clinical success of T-cell-based im-
munotherapies, their efficacy in solid tumors
remains limited and highly heterogeneous.
These therapies represent dynamic “living
drugs”, whose functional behavior within the
tumor microenvironment is not adequately
captured by static molecular readouts alone.
In this research line, we apply quantita-
tive live-cell imaging as a functional omics ap-
proach to characterize T-cell dynamics during
interactions with patient-derived tumor orga-
noids. Our previous work has shown that het-
erogeneous T-cell behaviors are predictive of
distinct functional states and therapeutic ef-
ficacy. Building on this concept, we integrate
imaging-derived functional phenotypes with
single-cell and spatial transcriptomic data to
uncover the molecular programs underlying
effective and dysfunctional T-cell responses.

Biomedical Imaging Analysis
and Multi-Omics Integration




The long-term goal is to leverage this inte-
grated functional-molecular framework to
identify mechanisms of resistance and to
rationally guide combinatorial therapeutic
strategies that restore effective anti-tumor
T-cell dynamics.

Understanding microenvironmental
drivers of tumor cell invasion

Researchers involved: Rios /iménez, Emilio,
Falempin, Clarissa Anastasie, Mufioz Rubio,
Alejandra; Fernandez Archidona, Sandra,

Alieva Krasheninnikova, Maria

Tumor invasion is a complex, multiscale pro-
cess shaped by intrinsic cellular programs
and extrinsic cues from the tumor microen-
vironment. While modern technologies allow
detailed characterization of individual aspects
of this process—such as live imaging of inva-
sion dynamics, multiplexed tissue imaging, or
single-cell transcriptomics—each modality in
isolation provides only a partial view.

In this research line, we develop compu-
tational integrative approaches that combine
dynamic functional imaging with spatial and
single-cell molecular omics to achieve a sys-
tems-level understanding of tumor invasion,
with a particular focus on brain tumors. By
linking invasion phenotypes observed by live
microscopy to molecular states and spatial
niches, we aim to identify predictive path-
ways and microenvironmental conditions
that drive invasive behavior.

This work provides a framework to bridge
phenotypic, molecular, and contextual infor-
mation, enabling the identification of actiona-
ble determinants of tumor infiltration.

Software development for imag-
ing-based immune oncology assays
Researchers involved: Hoffman Garcia, Oliver John,
Fernandez Archidona, Sandra; Villegas Ldpez,

Lupe Ivette; Alieva Krasheninnikova, Maria
Inter-patient variability is a major determi-
nant of therapy resistance, particularly in
immuno-oncology, highlighting the need for
functional screening assays that capture het-
erogeneity in therapeutic response and mode
of action. To address this challenge, we have
developed BEHAV3D, a live-cell imaging and
analysis platform that extracts functional sin-
gle-cell phenotypes from complex 3D co-cul-
ture systems.

BEHAV3D treats dynamic imaging data
as a functional omics readout, enabling the
identification of distinct cellular populations
and functional states associated with tumor
elimination or therapy failure. While the plat-
form has demonstrated strong predictive po-
tential, its current implementation is limited
in throughput and scalability.

Our ongoing work focuses on leveraging
recent advances in artificial intelligence to
adapt BEHAV3D to large-scale, high-through-
put screening assays, facilitating its integra-
tion with molecular omics data and enabling

systematic, patient-relevant functional profil-
ing of immunotherapy products.

Moreover, we are developing livecell imag-
ing-based morphokinetic analyses to quantify
chromosomal instability at singlecell resolu-
tion and integrate these dynamic phenotypes
with molecular profiles, with the aim of under-
standing how CIN generates functional heter-
ogeneity and promotes tumor progression.

PUBLICATIONS:

Wezenaar AKL, Pandey U, Keramati F, Hernandez-Roca M, Brazda P,
Barrera Roman M, Cleven A, Karaiskaki F, Aarts-Riemens T, de Blank
S, Hernandez-Lopez P, Heijhuurs S, Alemany A, Kuball J, Sebestyen Z,
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15;13:RP102097. DOI: 10.7554/eLife.102097.
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from the BBVA Foundation. 2023-2025

“DCODER: Unravelling cell Dynamics to deCODE tumor cell Resistance
to inmunotherapy. 2022-T1/BMD-24021" Programa de atraccidon de
talento de la Comunidad de Madrid. 2023-2028

“Developing an organoid Dynamic Screening Platform to Evaluate In-
muno-Oncology Drug activities in a Clinically Relevant Preclinical Mod-
el. TKI". Netherlands-Holland, Consortium grant. 2024-2026

“Ayudas para la realizacion de contratos para ayudantes de investi-
gacion y ayudante de investigacion de la comunidad de Madrid 2023.
PEJ-2023-TL/SAL-GL-28092". Comunidad de Madrid. 2024-2026

“Unraveling the microenvironment niches driving pediatric glioma infil-
tration in the brain. ASEICA-FERO Vth award"”. ASEICA-FERO. 2024-2026

“Exploring tumor heterogeneity with morphocynetic analysis: tools for
live imaging. Momentum grant MMT24-1IBM-01". CSIC The funding for
these actions/grants and contracts comes from the European Union’s
Recovery and Resilience Facility-Next Generation, in the framework of
the General Invitation of the Spanish Government's public business
entity Red.es to participate in talent attraction and retention pro-
grammes within Investment 4 of Component 19 of Recovery, Transfor-
mation and Resilience Plan. 2024-2028

AWARDS:

Emilio Rios Jiménez: galardonado con la Beca Predoctoral AECC 2025,
que finalmente no pudo aceptarse debido a condiciones salariales
precarias y a la imposibilidad por parte del CSIC de complementar el
salario con otros proyectos.

OUTREACH ACTIVITIES

Alieva, M. Ponencia divulgativa “Cohetes y microscopios: el legado de
las mujeres computadoras”, dirigida a estudiantes de 5.° de Educacion
Primaria. C.E.I.P. Angel de Ledn, Colmenar Viejo.

Alieva, M. Charla divulgativa dirigida a alumnado del ciclo de For-
macién Profesional en Anatomia Patoldgica. IES Rosa Chacel, Madrid.
Actividad realizada en el [IBM.

Villegas, L. EPIC 5 + Dorothy Coding Challenge: Bridging Empir-
ical Data and Simulations - From Astrophysics to Computation-
al Biophysics. 1CTP Physics Without Frontiers, Universidad In-
ternacional del Ecuador, 4-8 de agosto de 2025 (40 horas).
Participacién como organizadora en un evento internacional e inter-
disciplinar centrado en simulacion computacional y analisis de datos.

Villegas, L. Charla “Historias ocultas de las proteinas, células y tejidos”.
IES Villa de Vallecas, Comunidad de Madrid, 18 de febrero de 2025.
Participacién como ponente en una actividad divulgativa con motivo
del Dia Internacional de la Mujer y la Nifia en la Ciencia.
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RESEARCH LINES:

Overview
The impact of acute CNS injuries, including
stroke, spinal cord injury (SCI) and traumatic
brain injury (TBI), is devastating. Their com-
bined global prevalence is extremely high,
yet effective treatments are lacking. To meet
this clinical need, we must prioritize develop-
ment of novel neuroprotective therapies that
restrict the secondary neuronal death taking
place in the nervous tissue, subsequent to
an accidental and irreversible primary injury.
The mechanisms of this delayed damage are
shared by different acute CNS disorders, and
mostly rely on the contribution of excitotoxic-
ity, glial reactivity and neuroinflammation.
Our work has focused in the exploration
of two alternative therapeutic strategies to
prevent secondary neurotoxicity and neuroin-
flammation after damage: (1) interference of
death signaling downstream the overactiva-
tion of the N-methyl-D-aspartate type of glu-
tamate receptors (NMDARs), main cause of
excitotoxicity, or (2) protection of pro-survival
pathways negatively regulated by ischemia.
Some proteins, such as postsynaptic densi-
ty protein-95 (PSD-95) or tropomyosin-relat-
ed kinase B receptor (TrkB) have dual roles
in survival-death choices and, therefore, are
promising targets for both types of strategies.
We have characterized in depth the mecha-
nisms of excitotoxicity, identified molecules
of therapeutic and diagnostic interest, and

developed relevant neuroprotective pep-
tides to treat stroke but also other acute CNS
pathologies associated with excitotoxicity.
We have relied on cell-penetrating peptides
(CPPs) formed by two elements: (1) a short
sequence of the HIV-1 Tat protein (11 aa),
which confers permeability to attached car-
goes to cross the plasma membrane and dif-
ferent biological barriers, and (2) a similarly
short sequence from the target protein. The
use of CPPs is very promising for treatment
of neurological diseases since they can cross
the blood-brain barrier (BBB), the blood-spi-
nal cord barrier (BSCB) or the blood-labyrinth
barrier (BLB) while presenting low toxicity.

PSD-95 stabilization as a relevant

target for stroke therapy

PSD-95is critical to assembly of PSD signaling
complexes at excitatory synapses, required
for neuronal survival and function. Howev-
er, calpain processing challenges function
of this protein in stroke due to induction
of excitotoxicity and protease activation.
We have shown before that interference of
this PSD-95 processing is a therapeutic tar-
get for stroke. For that, we first analyzed
the nature and stability of the PSD-95 frag-
ments produced by calpain using a combi-
nation of in vitro assays, primary neuronal
cultures subjected to in vitro excitotoxicity




or a preclinical model of permanent stroke.
We could establish the location of the PSD-95
cleavage-sites in three specific interdomain
linker regions and, based on these results, ra-
tionally designed three Tat-derived CPPs con-
taining the cleavage sequences. One of the
CPPs, MTP95,,,, was able to interfere PSD-95
downregulation and reduce neuronal death
by in vitro excitotoxicity. Moreover, in vivo,
MTP95,,, was efficiently delivered to mice cor-
tex and significantly improved the neurologi-
cal outcome after stroke damage, suggesting
that this peptide might have potential for is-
chemia therapy. More recently, we have test-
ed a possible improvement of MTP95,., neu-
roprotection by combined use with a different
PSD-95-targeted CPP, nerinetide, a peptide
that prevents the establishment of GIUN2B-
PSD-95-nNOS complexes and formation of ni-
tric oxide (NO) in excitotoxic conditions. Ner-
inetide has already shown promising results
for acute stroke treatment in Phase 3 clinical
trials. In contrast to the anticipated results,
we found that nerinetide and MTP95,,, had
very similar mechanisms of action, affected
the same signaling pathways and, therefore,
exerted similar functions in neurons. This re-
sults in a lack of potentiation of neuroprotec-
tive effects after peptide combination.

Retrograde transport of neurotrophin
receptor TrkB-FL regulates Golgi stability
in excitotoxicity and is a target

for stroke therapy

The full-length isoform of TrkB (TrkB-FL) is the
high-affinity receptor for brain-derived neuro-
trophic factor (BDNF), a binding that induces
signaling pathways regulating, among others,
neuronal survival. However, BDNF/TrkB-FL
signaling becomes aberrant in stroke, mainly
due to receptor calpain-processing secondary
to TrkB-FL endocytosis induced by excitotoxic-
ity. We previously designed a neuroprotective
CPP containing a TrkB-FL sequence, MTFL,.,
which efficiently prevented excitotoxicity-in-
duced receptor processing and neuronal
death by a PLC-dependent mechanism. In the
stroke model, MTFL,, decreased the infarct
size and improved the neurological outcome.
Our results showed that receptor endocyto-
sis induced by excitotoxicity was followed by
TrkB-FL interaction with hepatocyte growth
factor-regulated tyrosine kinase substrate
(Hrs), retrograde transport to Golgi appara-
tus (GA) and organelle disruption, considered
as a hallmark of neurodegenerative diseases.
Interestingly, MTFL,., efficiently interfered
TrkB-FL/Hrs interaction and receptor traffick-
ing, required for excitotoxic GA fragmentation
and TrkB-FL cleavage. Thus, we proposed that
TrkB-FL had a central role in GA stability and
peptide MTFL,., might preserve GA function
and promote neuronal survival, not only in
stroke but also other diseases affecting the

nervous system. In fact, we have shown that
MTFL,., has similarly a great potential for
treatment of noise-induced hearing loss and,
probably, other types of sensorineural hear-
ing loss likewise associated with excitotoxicity
(collaboration with I. Varela, 1IBM). We have
employed an ex vivo model of excitotoxicity,
where this process is induced in cochlear ex-
plants by glutamate receptor agonists, and
an in vivo model of noise overexposure. First-
ly, we demonstrated that MTFL,, was able
to reach and distribute through the cochlea
both ex vivo and in vivo and, for the latter,
using systemic and local routes. Secondly,
we observed that excitotoxicity induced cal-
pain activation and reduced levels of TrkB
and p-CREB in cochlear explants, decreasing
neurotrophic support and resulting in coch-
lear synaptopathy. However, pretreatment
with MTFL,, prevented the dysregulation of
neurotrophic receptors in cochlear explants,
preserving neurotrophin-mediated signaling,
and reducing neurodegenerative process-
es, including cochlear synaptopathy and GA
fragmentation. In the model of noise overex-
posure, pretreatment with MTFL,., had a pro-
tective effect on hearing function and coch-
lear synapses in both male and female mice.

TrkB-T1 specific interactome

as a target for neuroprotection

In addition to TrkB-FL, neurons express a trun-
cated isoform lacking the tyrosine kinase do-
main, TrkB-T1, which acts as a TrkB-FL domi-

nant negative mutant and is involved in death
pathways. The truncated receptor is also ex-
pressed in astrocytes and has TrkB-FL-inde-
pendent functions, probably mediated by
protein interactions established by a highly
conserved TrkB-T1 intracellular sequence.
Excitotoxicity alters TrkB-T1 levels and activ-
ity by mechanisms that include transcription-
al upregulation, regulated intramembrane
proteolysis (RIP), which produces a receptor
ectodomain acting as a BDNF-scavenger and
intracellular fragments (ICDs) of unknown
function, and changes in TrkB-T1 specific
protein interactions. For neuroprotection,
we have developed peptides able to prevent
TrkB-T1 cleavage by metalloproteinases, first
and obligatory step for RIP, or interfere iso-
form-specific protein interactions. Treatment
with such an interfering CPP, TT1_, results in
prevention of reactive gliosis and strongly de-
creases excitotoxicity-induced damage in cel-
lular and mouse models of stroke. A biotiny-
lated form of TT1_, has also been very useful
to identify the profile of TrkB-T1-interacting
proteins in basal conditions or after excito-
toxicity, an information critical to establish
the role of this truncated receptor in neural
cells function and viability. In collaboration
with M. Concepcion Serrano Lopez-Terradas
(ICMM, CSIC), we are currently formulating
peptide TT1, into natural hydrogels for local
administration in SCI models and stroke. Fi-
nally, to establish the function of TrkB-T1-ICD,
we have designed a mock peptide (Bio-LTT1

o




containing this short intracellular TrkB-T1 re-
gion (23 amino acids) and tested it in vitro and
in vivo. Our results demonstrate that TrkB-T1
RIP is a central mechanism of ischemic dam-
age and that the isoform intracellular region
is sufficient to recapitulate stroke-like effects
on neurotoxicity, glial reactivity and neuroin-
flammation.

PUBLICATIONS:

Esteban-Ortega, G.; Torres-Campos, E.; Diaz-Guerra, M. Retrograde
transport of neurotrophin receptor TrkB-FL induced by excitotoxicity
regulates Golgi stability and is a target for stroke neuroprotection. Cell
Death & Dis. 2025,16, 659. DOI 10.1038/s41419-025-07990-6.

Ugalde-Trivifio, L.; Tejeda, G.S.; Esteban-Ortega, G.; Diaz-Guerra, M.
A brain-accessible peptide modulates stroke inflammatory response
and neurotoxicity by targeting BDNF-receptor TrkB-T1 specific interac-
tome. Theranostics 2025,15, 4654-4672. DOI 10.7150/thno.111272

DOCTORAL THESES AND OTHER WORKS:

Elena Torres Campos

Ph.D. tesis. Nuevas estrategias terapéuticas para la sinaptopatia coclear
y la pérdida auditiva neurosensorial: MTFL ., un péptido neuroprotector
derivado del receptor neurotrdfico TrkB-FL. Universidad Autdbnoma de Ma-
drid. 2025. Supervisor/s: Isabel Varela Nieto & Margarita Diaz-Guerra
Gonzalez. Grade: Sobresaliente Cum Laude.

Sara Ruiz Cabrera

Master’s thesis. Estudio comparativo de los mecanismos de accion de
los péptidos neuroprotectores nerinetida y MTP95,,, en excitotoxicidad.
Universidad Complutense de Madrid. 2025. Supervisor: Margarita
Diaz-Guerra Gonzalez. Grade: Matricula de Honor.

FUNDING:

Mejora de la proteccién neuronal y cerebral en el ictus mediante téc-
nicas avanzadas de administracion de péptidos penetrantes derivados
de TrkB y PSD-95. PID2022-1377100B-100. Agencia Estatal de Investi-
gacion. 2023-2026. Pl: Margarita Diaz-Guerra Gonzalez.
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RESEARCH LINES:

Overview
Our laboratory focuses on the application
of advanced preclinical magnetic resonance
imaging (MRI) and magnetic resonance spec-
troscopy (MRS) to support precision medicine
in neurological disorders. We develop and
implement multiparametric MRI and MRS
approaches to identify non-invasive imaging
biomarkers that enhance disease character-
ization, stratification, therapy validation, and
longitudinal monitoring.

A major research focus of the group is the
role of neuroinflammation (NI) in complex

Conversion to Classification and selection of

standard format images according to sequence

ﬁﬁﬁ names and metadata

Renaming and reorganization
of dataset according to BIDS

&:BIDS

Repeat steps and

coregister all other Coregistration to
modalities to common space and
subject space tumor segmentation

Radiomic features
extraction and
analysis

TiW T2W FLAIR

Schematic representation of the MRI pre- and post-processing workflow for quantitative brain image analysis, including
denoising, bias field correction, skull stripping, co-registration, and subsequent radiomics-based feature extraction and imaging
biomarker identification. Representative example: clinical MRI of a patient with glioblastoma.

disorders such as glioblastoma and obesity.
We integrate imaging with metabolomic, mo-
lecular, and histological analyses to achieve
a comprehensive understanding of disease
mechanisms. Our work is specifically aimed
at capturing disease heterogeneity and its
interaction with key biological modifiers, in-
cluding sex and metabolic status.

In parallel, we pursue translational strate-
gies designed to bridge preclinical models and
clinical imaging data, facilitating bidirectional
knowledge transfer. We also explore theranos-
tic approaches based on functionalized nano-




materials that combine targeted therapeutic
interventions with imaging-guided monitoring.

An additional strategic objective of the
group is the integration of radiomics and
artificial intelligence (Al) -machine learning-
into both preclinical and clinical MRI studies.
These computational approaches are applied
to enhance imaging biomarker extraction,
improve quantitative neuroimaging analyses,
and advance disease characterization.

Development of a dedicated quantitative
MRI and MRS imaging environment

for the diagnosis and prognosis

of Neuroinflammation

Researchers involved: Lopez Larrubia, Pilar;
Arias Ramos, Nuria; Gonzdlez Alday, Raquel.
This research line aims to establish a robust
and integrated experimental framework for
the quantitative assessment of NI using ad-
vanced MRI and MRS methodologies. To sup-
port all subsequent research lines, colonies
of WT and KO mice for TNF-a and the IL-1R
were used.

A comprehensive set of standardized
MRI acquisition protocols was developed
and validated, including high-resolution an-
atomical imaging, as well as multiparametric
approaches enabling the quantitative assess-
ment of relaxation times, diffusion, magneti-
zation transfer, perfusion, and functional and
metabolic parameters. To ensure reproduci-
bility and objective data analysis, an automat-
ic image processing and analysis pipeline has

been developed in Python for the correction,
normalization and generation of paramet-
ric maps from MRI datasets. This software,
named RESOMAPER, provides a dedicated
environment for quantitative image analysis.

Histological and immunohistochemical
workflows were also implemented to support
multimodal validation of imaging findings.
These protocols included the analysis of key
markers associated with microglial activation,
astrocytosis, and inflammation (Iba-1, GFAP
and CD68).

In addition, an animal model of systemic
inflammation was established through intra-
peritoneal administration of lipopolysaccha-
ride. This model enabled the evaluation of NI
in the absence of other coexisting patholo-
gies, providing a controlled framework to iso-
late Nl-related effects. MRI studies performed
in this model identified diffusion-derived pa-
rameters capable of detecting and quantify-
ing cytotoxic effects associated with NI, which
were further supported by HRMAS-based
metabolic analyses.

Evaluation and characterization

of the contribution and role of neuroin-
flammation in glioblastoma and obesity
Researchers involved: Lopez Larrubia, Pi-

lar; Arias Ramos, Nuria; Gonzalez Alday,

Raquel; Cordova Ascurra, Darwin A..

This research line investigates the role of NI
in glioblastoma (GBM) and obesity develop-
ment through a translational approach that

integrates preclinical models with clinical
data. GBM models were generated by stere-
otactic intracranial injection of GL261 murine
glioma cells into WT and KO mice. Experimen-
tal models of moderate and severe diet-in-
duced obesity were established by exposing
WT and KO animals to a high-fat diet for 10 or
20 weeks, respectively. To evaluate the inter-
action between metabolic status and tumor
progression, equivalent GBM models were
also generated in animals with moderate and
severe obesity induced by HFD feeding.
Multiparametric MRI studies were conducted
in WT animals to characterize the NI compo-
nent associated with tumor growth and obe-
sity development under control conditions,
as well as to assess the impact of obesity-as-
sociated NI on GBM progression. Advanced
multivariate analytical approaches, including
principal component analysis, were applied
to identify imaging-derived parameters most
strongly associated with neuroinflammatory
processes during disease progression. Mag-
netization transfer and diffusion-derived MRI
parameters were identified as particularly
sensitive biomarkers of Nl-related tissue al-
terations. In parallel, the development of
nosological imaging maps is ongoing to in-
tegrate these findings into a comprehensive
pathophysiological framework.

Equivalent imaging and analytical pro-
tocols are being applied to KO animal co-
horts under both control and pathological
conditions in male and female animals. This

broad experimental design enables system-
atic dissection of the inflammatory pathways
involved in GBM and obesity progression. At
the conclusion of each experimental proto-
col, animals were processed for post-mortem
analyses using complementary approaches
optimized for NMR-based metabolomics and
immunohistological evaluation.

In addition, the functional role of aqua-
porin-4 channels was assessed in obese ver-
sus control animals. These studies revealed
a dysregulated response to glucose admin-
istration in obesity, which may contribute to
the maintenance and progression of NI.

Computation, radiomics and IA approach-
es in the assessment of preclinical
imaging.

Researchers involved: Lopez Larrubia, Pilar;
Arias Ramos, Nuria; Gonzdlez Alday, Raquel

Our group has initiated a new research line
focused on computational and Al approach-
es applied to preclinical and clinical imaging,
integrating both animal models and human
data. Clinical and radiological MRI datasets
have been collected from GBM patients
treated at Hospital Universitario La Paz, en-
abling the adaptation and extension of our
image-processing pipeline to the clinical set-
ting. A dedicated workflow was developed
to curate and prepare the clinical MRI data-
set for downstream analyses. As the images
were acquired in the context of routine clini-
cal practice, substantial effort was devoted to




data organization and standardization. This
process included conversion from DICOM
to NIfTI format, classification of sequences
based on metadata, and separation of prima-
ry acquisitions from derived images. All files
were subsequently renamed and structured
according to the BIDS standard.

In parallel, a preprocessing pipeline was im-
plemented and optimized, incorporating de-
noising, bias-field correction, skull stripping,
and co-registration to a common reference
space. Finally, radiomics analyses are cur-
rently being conducted as an initial strategy
to quantitatively characterize tumor-related
regions and to identify clinically relevant im-

aging biomarkers.

PUBLICATIONS:

Marcos, A.; Rodriguez del Cerro, M. C.; Fernandez, R. M.; Pasaro, E.; Ari-
as-Ramos, N.; Lopez-Larrubia, P.; Gonzalez-Peramato, P.; Guillamon,
A.; De Miguel, M. P. The GnRH Agonist Triptorelin Causes Reversible,
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duction. Int. J. Mol. Sci. 2025, 26(14), 6566. DOI: 10.3390/ijms26146566.

Caro, C.; Arias-Ramos, N.; Urbano-Gamez, J. D.; Gonzalez-Alday, R,;
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tive on C6 and F98 cell lines in orthotopic rat models for glioblastoma
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Tirado-Garcia, P.; Ferreiro, A.; Gonzalez-Alday, R.; Arias-Ramos, N.; Liz-
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Selective Imaging of Neuroinflammation by Multiparametric MRI/PET
Technologies. PID2021-1225280B-100. Ministerio de Ciencia e Innovacion.
2022-2026. PI: Pilar Lopez Larrubia.

Red de Enfermedades Raras CSIC (RER-CSIC). 202420E019. Consejo Su-
perior de Investigaciones Cientificas. 2024-2026. PI: Pilar Lépez Larrubia.

Preclinical Optical Imaging System: Fluorescence, bioluminescence and
3D X-rays. EQC2024-008496-P. Ministerio de Ciencia e Innovacion 2024-
2025. PI: Pilar Lépez Larrubia.

Diagnostico por imagen molecular: investigacion basica y desarrollo
traslacional. RED2022-134299-T. Ministerio de Ciencia e Innovacion 2023-
2025. PI: Pilar Lépez Larrubia. (Coordinador: Fernando Herranz)

RICORS Advanced Therapies. RICORS Code: RD24/0014/0001. Instituto de
Salud Carlos lll. PI: Joana Maria Ramis Morey.

Uso de Vesiculas Extracelulares que expresan NIS para la teragnosis de
tumores infantiles. PI24Cl11/00046. Accidn Estratégica en Salud Intramu-
ral, Instituto de Salud Carlos lll. 2024-2026. PI: Pilar Martin Duque.

Nuevas estrategias terapéuticas para el tratamiento de enfermedades
raras neurosensoriales (SensoRare). Acciones Cooperativas y Comple-
mentarias Intramurales 2023 (ACCI), Instituto de Salud Carlos Ill. 2024-
2025. PI: Silvia Murillo




AWARDS:

Honorable mention among the three best oral presentations in Ses-
sion 3.1 - Central Nervous System Il in FARMADRID 31 Congress. Title:
Neuroinflammatory profiling of high-fat diet effects in il-1r1ko mice:
Insights from multiparametric mri and indirect calorimetry (Darwin A.
Cordova). Universidad CEU San Pablo (Madrid). 17/06/2025.

Cum Laude Poster 5th Annual Meeting of the ISMRM Iberian Chapter
“Resomapper: a user friendly and versatile pipeline for multiparamet-
ric MRI data processing and mapping”. Raquel Gonzalez-Alday, Adria-
na Ferreiro, Nuria Arias-Ramos, Blanca Lizarbe, Pilar Lépez-Larrubia.
Barcelona. 3-4/07/2025.

Cum Laude Poster 5th Annual Meeting of the ISMRM Iberian Chapter
“Evaluating neuroinflammation in-vivo in a mouse model using mul-
tiparametric MRI, with ex-vivo insights from immunofluorescence and
HRMAS spectroscopy”. Raquel Gonzalez-Alday, Carla Davila-Yague,
Nuria Arias-Ramos, Blanca Lizarbe, Pilar Lopez-Larrubia. Barcelona.
3-4/07/2025.

MRI Together mention: “Resomapper: a user friendly and versa-
tile pipeline for multiparametric MRI data processing and mapping”.
Raquel Gonzalez-Alday, Adriana Ferreiro, Nuria Arias-Ramos, Blanca
Lizarbe, Pilar Lopez-Larrubi. ESMRMB, 41th Annual Scientific Meeting,
Marseille (France). 08-11/10/2025.

OUTREACH ACTIVITIES

Semana de la Ciencia 2025. Title: Educational tour of the [IBM-MRI fa-
cility for high school students. 11BM, 3 - 16/11/2025.

Noche Europea de los Investigadores e Investigadoras: el CSIC te lla-
ma esta noche. Title: Escape Road volunteering. Espacio Fundacion
Telefénica (Madrid), 26/09/2025

Teaching activity. Aplicaciones de la Resonancia Magnética Biomédica.
Programa de Formacion del CSIC. [IBM, 22 - 26/09/2025.

Teaching activity. Neurotech EU Summer School - Preclinical Magnetic
Resonance Imaging and Spectroscopy: from the bench to the bedside.
Instituto de Neurociencias (CSIC-UMH), Alicante. 09-11/07/2025.
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Overview

Our laboratory is dedicated to understand-
ing how hormonal signals shape brain func-
tion, emotional behaviour, and vulnerability to
mental health disorders. We focus on the neu-
roendocrine mechanisms that regulate mood,
stress resilience, and social behaviour, with a
particular emphasis on the interaction between
thyroid hormones (TH) and oxytocin (OXT).

Thyroid hormones are essential for brain
development and adult neural function, while
OXT is a key modulator of social behaviour,
stress regulation, and maternal bonding. Al-
though these two systems have been stud-
ied extensively in isolation, their functional
interaction in the brain remains poorly un-
derstood. We propose that the TH-OXT axis
represents a critical but largely unexplored
neuroendocrine pathway linking hormonal
homeostasis to emotional health.

Our goal is to elucidate how disruptions
in TH signalling affect the oxytocinergic sys-
tem, neural circuits, and behaviour, and how
this interaction contributes to neuropsychi-
atric vulnerability, particularly in postpartum
depression, a highly prevalent mood disorder
affecting 10-30% of new mothers worldwide.

To address these questions, we com-
bine murine models, molecular and cellular
neuroscience, neural circuit mapping, and
transcriptomics with advanced tools such as

Cre-dependent genetic models, viral tracing,
chemogenetics, and large-scale 3D imaging.
We also integrate human genetic data to
bridge experimental findings with clinical rel-
evance.

Line 1 - Molecular regulation of ox-

ytocin by thyroid hormones

This line focuses on how thyroid hormones
regulate oxytocin synthesis and release in the
hypothalamus. We investigate how hypothy-
roidism alters gene networks, neuron-glia in-
teractions, and structural plasticity within the
supraoptic (SON) and paraventricular (PVN)
nuclei — the principal sites of OXT produc-
tion.

Using cell-type-specific genetic tools, we
selectively perturb TH signalling in oxytocin-
ergic neurons to distinguish direct hormonal
effects from systemic changes. Transcriptom-
ic and spatial analyses allow us to identify
TH-dependent molecular pathways that con-
trol OXT synthesis, secretion, and neuronal
remodelling.

This work aims to define the cellular
mechanisms through which thyroid deficien-
cy compromises the oxytocinergic system
and predisposes to mood dysregulation.




Line 2 - Genetic vulnerability

in the TH-OXT axis and risk of
postpartum depression

In collaboration with Dr.Genevieve Leyden
(University of Bristol) we investigate wheth-
er genetic variation in key regulators of brain
TH availability contributes to susceptibility to
postpartum depression. We focus on genes
involved in TH transport, metabolism, and
signalling in the brain, including DIO2, DIO3,
MCT8, OATP1C1, THRA, and THRB.

Using large-scale human datasets (Me-
taBrain, GTEx, and GWAS for TSH and post-
partum depression), we apply genetic colo-
calization and Mendelian randomization to
identify shared biological pathways linking
thyroid regulation to mood disorders.

This translational approach complements
our animal studies by providing human ge-
netic evidence that the TH-OXT axis may be a
risk factor for postpartum depression and a
potential therapeutic target.

PUBLICATIONS:

Borges-Canha M, Leite AR, Conceicdo G, Vale C, Von-Hafe M, Martins D,
Miranda-Silva D, Sousa-Mendes C, ChavesJ, Lourenco IM, Grijota-Martin-
ez C, Barez-Lopez S, Miranda IM, Leite-Moreira A, Falcdo-Pires |, Neves
JS. Evaluation of the hepatic and subcutaneous adipose tissue effects of
trilodothyronine treatment in an animal model of metabolic syndrome.
Obes Res Clin Pract. 2025 719(2):115-121. DOI: 10.1016/j.0rcp.2025.04.001.

Montero-Pedrazuela A, Grijota-Martinez C, Guadafo-Ferraz A, Barez-
Lopez S. A Sensitive Radioimmunoassay for T3 and T4 Determina-
tions in Plasma and Tissues Methods Mol Biol. 2025, 2876:37-59. DOI:
10.1007/978-1-0716-4252-8_3.

DOCTORAL THESES AND OTHER WORKS:

Noelia Navarro

Master’s thesis. Evaluacion de los efectos tiromiméticos de sobetirome
en cerebelo y tejidos periféricos del modelo murino Mct8/Dio2 KO del Sin-
drome de Allan-Herndon-Dudley. Universidad de Alcald. 2025. Supervi-

sor/s: Soledad Barez Lopez and Ana Montero Pedrazuela. Grade: So-
bresaliente (9,2)

Teresa Lara Cerezo

Final degree’s project. Explorando el papel de la hormona tiroidea en
la regulacion de oxitocina en ratén comun (Mus musculus). Universi-
dad Politécnica de Madrid. 2025. Supervisor/s: Soledad Barez Lopez.
Grade: Matricula de Honor

FUNDING:

Explorando la regulacion de las hormonas tiroideas sobre la oxitocina: im-
plicaciones en la depresion postparto. PID2024-1560390A-100. Ministerio de
Ciencia, Innovacion y Universidades (MCIU) y la Agencia Estatal de Investi-
gacion (AEl). 01/09/25 - 31/08/28. PI: Soledad Bdrez Lopez.

Ayudas de atraccion de talento investigador César Nombela. 2024-T1/ SAL-
GL-31247. Comunidad de Madrid. 01/12/24 - 30/09/29. PI: Soledad Bdrez
Lopez

Exploring a personalized gene replacement therapy approach for the Al-
lan-Herndon-Dudley Syndrome. OTR10255. Sherman Foundation. 01/05/23
- 31/04/2025. Pls: Soledad Bdrez Ldpez and Ana Guadario Ferraz

OUTREACH ACTIVITIES
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Noche Europea de los Investigadores. Title: Taller “Construye tu pro-
teina”. 26/09/2025..
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RESEARCH LINES:

Overview

Our group is dedicated to investigating the
mechanisms that underly cell survival in two
critical systems where this process plays a
pivotal role.

Our primary focus is understanding the
cellular and molecular mechanisms behind
neurodegeneration, with the aim of devel-
oping neuroprotective strategies. We concen-
trate on two key molecules, PKD1 (Protein Ki-
nase D1) and Kidins220 (Kinase D interacting
substrate of 220kDa), which are crucial for
neuronal survival whose enhancement pro-
vides neuroprotection, as we have demon-
strated. Our goal is to uncover the roles of
these molecules in neurological diseases
marked by neuronal loss, such as after acute

brain injury (e.g. stroke), or due to chronic
neurodegeneration, including Alzheimer’s
disease (AD) and Huntington'’s disease (HD).
AD and ischemic stroke (IS) are the leading
causes of dementia, a progressive syndrome
of memory loss affecting approximately 50
million people worldwide.

To complement this focus, we have de-
veloped a parallel line of research aimed at
understanding the molecular mechanisms by
which PKD regulates the development and
progression of prostate cancer, another con-
text where cell survival is critical. Prostate
cancer is the second most common type of
cancer and the fifth leading cause of can-
cer-related death in men worldwide.




Molecular Mechanisms of Excitotoxicity
Researchers involved: Lopez C; Simon, A, Moreno,
A Sdnchez-Miranda, L; Sanz, M; Prudencio, M
Excitotoxicity is a type of neuronal death
associated with several neuropathologies,
such as IS and AD, and preventing it could
offer neuroprotection across a wide range of
neurological diseases. We have shown that
a constitutively active mutant form of PKD1
provides neuroprotection in highly excito-
toxic environments (Nat Comm, 2017). Our
research explores how PKD1 regulates neu-
rodegenerative processes, and we are test-
ing the therapeutic potential of PKD1 in pre-
clinical studies using murine models of both
acute and chronic neurodegeneration. In a
recent report we have shown PKD1 mediat-
ed neuroprotection in Huntington’s Disease
experimental models (Cell Death & Dis, 2025)
(Figure 1). Our approach includes using mice
with conditional kinase deletion in differ-
ent brain cell types and performing celomic,
transcriptomic, metabolomic, and proteomic
analyses.

Pathophysiological Mechanisms

of KIDINS220 Deficiency

Researchers involved: Lopez C,  Simon, A
Dominguez, MI; Sanz, M, Prudencio, M

We were the first to clone Kidins220 as the
first PKD1 substrate and are now studying its
role in two rare diseases characterized by KiI-
DINS220 deficits.

1. Idiopathic Normal Pressure
Hydrocephalus (iNPH)

iNPH is the major form of chronic hydro-
cephalus in adults. It is a neurodegenerative
disease associated with AD, presenting with
dementia and characterized by the accumula-
tion of cerebrospinal fluid, which enlarges the
brain ventricles. Due to limited knowledge of
its molecular mechanism, there are no phar-
macological treatments for iINPH. We recently
discovered that Kidins220-deficient mice de-
velop chronic hydrocephalus, demonstrating
that this protein regulates the brain’s main
water channel, aquaporin-4 (AQP4) (Mol Psy-
chiatry, 2021). We also observed a reductionin
KIDINS220 and AQP4 levels in the ependymal
barrier of brain ventricles in iINPH patients.
More recently we have found alterations in
the visual system of Kidins220 deficient mice
(Fluids Barriers CNS, 2025). Our goal is to study
neurodegeneration markers in hypomorphic
Kidins220 hydrocephalic mice and develop
pharmacological and genetic therapeutic
strategies to correct or prevent hydrocepha-
lus in preclinical studies. Additionally, we aim
to analyse iNPH patient samples to deepen
our understanding of this disease.

2. SINO Syndrome.

Pathogenic variants of the KIDINS220 gene
are associated with a newly identified rare
paediatric syndrome called SINO (spastic par-
aplegia, intellectual disability, nystagmus and

obesity). SINO patients exhibit ventriculomeg-
aly similar to that seen in Kidins220-deficient
mice (Mol Psychiatry, 2021, Genet Med, 2024).
Through an international collaborative effort,
we plan to study the mechanisms underlying
hydrocephalus and other SINO syndrome
traits using human iPSCs and mouse models
carrying these pathogenic variants.

PKD in Prostate Cancer

Researchers involved: Lasa,

M; Cilleros-Rodriguez,

D; Ruiz Izaguirre, Carlota

Our goal here is to explore the molecular
mechanisms that regulate Protein Kinase D
(PKD) in the development and progression
of prostate cancer. This disease arises from a
series of complex events that ultimately lead
to an androgen-resistant phenotype, signif-
icantly complicating treatment. As a result,
advanced prostate cancer is typically treat-

PUBLICATIONS:

ed with chemotherapeutic agents. However,
many tumors develop resistance, leading to
poor prognosis. At the molecular level, we
have demonstrated that prostate cancer pro-
gression is driven by the regulation of sever-
al key signalling pathways, including MAPKs
and DUSP1 (Mol Oncol, 2014; Food Chem Tox-
icol, 2019; Cancers, 2021). More recently, we
discovered that PKD2 activity promotes the
migration and invasion of prostate cancer
cells (Figure 2), via its interaction with ERK
and Snail, a key transcription factor in epithe-
lial-mesenchymal transition (Biochim Biophys
Acta Mol Basis Dis, 2024). Our research also
revealed that PKD2 activity increases with the
malignancy grade in human tumors, showing
a positive correlation with both Snail expres-
sion and ERK activity. We are now further in-
vestigating PKD'’s involvement in other critical
processes that contribute to prostate cancer
formation and progression.progression.

Cilleros-Rodriguez, D.; Lasa, M. Analysis of Apoptosis by Thyroid Hormone
Induction. Methods Mol. Biol. 2025 (2876 : 77-91). DOI.10.1007/978-1-0716-

4252-8_5

Sebastian-Serrano, A.*1; Simén-Garcia, A.*; Santos-Galindo, M.; Sdnchez-Car-
ralero, M.P.; H-Alcantara, A.; Clemente, C.; Pose-Utrilla, J., Campanero, M.R,;
Porlan, E.; Lucas, ] .J.; Iglesias, T. (*Co-first;¥Co-corresponding) Down-regula-
tion of neuroprotective protein kinase D in Huntington’s disease. Cell Death

Dis. 2025 (76 (1) : 418). DOI.10.1038/s41419-025-07688-9




Fernandez-Albarral, J.A.’*; Simén-Garcia, A.*; Salobrar-Garcia, E.; Sala-
zar,).)., Lopez-Menéndez, C.; Pajuelo, L.S.M.; Matamoros, J.A.; de Hoz, R.;
Lopez-Cuenca, |.; Elvira-Hurtado, L.; Sanchez-Puebla, L.; Sanchez-Carrale-
ro, M.P.; Sanz, M.; Ramirez, J.M.; Iglesias, T.+; Ramirez, A.l.¥ (*Co-first;¥-
Co-corresponding and Co-senior). Kidins220-deficient hydrocephalus
mice exhibit altered glial phenotypes and AQP4 differential regulation in
the retina and optic nerve, with preserved retinal ganglion cell survival.
Fluids Barriers CNS. 2025 (22 (1) : 16). DOI.10.1186/512987-025-00626-z

DOCTORAL THESES AND OTHER WORKS:

Luis Sanchez-Miranda Pajuelo

PhD tesis. Protein Kinase D1 function in astrocytes: Regulation of matura-
tion processes and its association with epilepsy. Universidad Auténoma
de Madrid. 2025. Supervisor/s: Teresa Iglesias Vacas and Celia Lopez
Menéndez. Grade: Sobresaliente Cum Laude.

Ana Simoén Garcia

PhD tesis. Effect of excitotoxicity on SNX27 retromer function: design of
neuroprotective strategies. Universidad Autdbnoma de Madrid. 2025. Su-
pervisor/s: Teresa Iglesias Vacas. Grade: Sobresaliente Cum Laude.

Carlota Ruiz Izaguirre

Master’s thesis. Molecular mechanisms involved in the regulation of cell
survival by protein kinase D in prostate cancer. Universidad Autbnoma de
Madrid. 2025. Supervisor/s: Marina Lasa Benito. Grade: Sobresaliente.

FUNDING:

PRKD1- and KIDINS220-related Neurological Disorders: Novel Disease
Models to Identify Pathological Mechanisms and Therapeutic Targets
and Strategies. PID2023-1532840B-100. MICIU. 2024-2028. PI: Teresa
Iglesias Vacas

Nuevas estrategias terapéuticas basadas en la modulacién del me-
tabolismo oxidativo para el tratamiento del cancer de tiroides V600E-
BRAF-positivo. PID2023-147040NB-100. MICIU. 2024-2027. PI: Pablo
Baquero Valls Co.PIl: Antonio Chiloeches Galvez

PATENTS:

Methods and Compositions for the Treatment of Disorders Charac-
terized by a Kidins220 Dysfunction in a Subject. Iglesias T, Campanero
MR, del Puerto A, Pose J, Simon A, Lopez C, Sanchez-Miranda L. Inter-
national Patent PCT/EP2022/061794. 2021
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Noche Europea de los Investigadores e Investigadoras. Title: Escape
Road: a la busqueda de mujeres Nobel y no Nobel. Espacio Fundacién
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Il Jornada sobre Enfermedades Raras IIBM. Speaker: Teresa Iglesias
Vacas. Title: Conociendo el Sindrome de Paraparesia Espastica, Dis-
capacidad Intelectual, Nistagmo y Obesidad (SINO).

Instituto de Investigaciones Biomédicas Sols-Morreale (Madrid) -
24/02/2025.
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Transfected Hela cell expressing GFP-LC3 protein

RESEARCH LINES:

Overview

Our research focuses on studying the patho-
logical mechanisms of rare diseases related
to defects in autophagy and endo-lysosomal
trafficking. Mutations in genes encoding the
WIPI and VPS13 protein families give rise to
various rare diseases such as BPAN (due to
mutations in WDR45 encoding WIPI4) and
CHAC (due to mutations in VPS13A). We uti-
lize the model organisms Saccharomyces cer-
evisiae and Dictyostelium discoideum, as well
as human cell lines, to recreate mutations,
study the function of the involved proteins,
and explore potential therapeutic strategies.

The autophagic machinery

and its regulation

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

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
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

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 hydrophobic cavity,
responsible for transporting lipids between
membranes of different organelles at mem-




brane contact sites. Our main goal is to under-
stand how these proteins are recruited to their
target membranes and their role in autophagy
and endo-lysosomal trafficking. The human ge-
nome encodes four VPS13 proteins (A-D), and it
was shown that the VAB domain is responsible for
the association of Vps13 with various adaptors in
yeast. However, the adaptors for the other VPS13
proteins in mammals are still poorly characterized.

PUBLICATIONS:

Bueno-Arribas, M.; Vincent, O. Identification of a novel mechanism for
regulation of the early autophagy machinery assembly by PKA. Auto-
phagy Rep. 2025, 4, 2503226. DOI: 10.1080/27694127.2025.2503226.

Bueno-Arribas, M.; Cruz-Cuevas, C.; Monforte-Martinez, B.; Navas,
MA.; Escalante, R.; Vincent, O. The PKA signaling pathway regulates the
association of the autophagy initiation complex with the lipidation ma-
chinery. . Mol. Biol. 2025, 437, 168954. DOI: 10.1016/j.jmb.2025.168954
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Molecular and cellular bases of autophagy-related rare diseases.
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RESEARCH LINES:

Overview

Primary cilia are microtubule-based plasma
membrane protrusions that function as cell
type-specific cellular “antennae”. These an-
tennae are essential for multiple aspects of
human development and adult physiology.
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. In our lab, we study the molecular
mechanisms of primary cilia function during
health and disease.

Primera linea de investigacién

Researchers involved: Martin-Morales, R, Garri-
do-Garcia, A; Martinez Cefia, MA, Portilla Merino,
T, Garcia-Gonzalo, FR

Ciliary targeting and functions of INPP5E, a
phosphoinositide phosphatase implicated in
Joubert syndrome.

Segunda linea de investigacion

Researchers involved: Martin Morales, R, iménez
Eusebio, B, Salas Cedefio, MA, Harto Garrido, J,
Garcia Gonzalo, FR

Identification of ciliary localization signals
(CLSs) in ciliary G protein-coupled receptors
(GPCRs), and characterization of their ciliary
targeting mechanisms.

Tercera linea de investigacién

Researchers involved: MMartin Morales, R; Para-
das Cuesta, C; Garcia Murillo, D; Garcia-Gonzalo,
FR Role in ciliary Hedgehog signaling of EVC-
EVC2, a protein complex involved in Ellis van
Creveld syndrome.
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Miguel Angel Martinez Cefia
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Tatiana del Cisne Portilla Merino
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versidad Complutense de Madrid. 2025. Supervisors: Francesc Garcia
Gonzalo y Raquel Martin Morales. Grade: Notable

Ariadna Garrido Garcia

Final degree's project. Action mechanisms of ciliary phosphoinositide
5-phosphatase INPP5E in Joubert syndrome. Universidad Autonoma de
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Blanca Jiménez Eusebio
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clave que determinan su localizacion en la membrana ciliar. Universidad
de Alcala de Henares. 2025. Supervisors: Francesc Garcia Gonzalo y
Raquel Martin Morales. Grade: Matricula de Honor

Claudia Paradas Cuesta
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Gonzalo y Raquel Martin Morales. Grade: Sobresaliente
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Sintonizando la Antena Celular: Mecanismos Moleculares de Control
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tein INPP5E regulates ciliary microtubule modifications). Comité organ-
izador: Francesc Garcia Gonzalo, Gemma Marfany, Diana Valverde,
Rosa Barrio y José Maria Millan. 20/02/2025.
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RESEARCH LINES:

Telomere Biology Disorders

Researchers involved: B. Fernandez Varas,

P. Gillén Morales, C. Mangudn-Garcia, I. Lopez
Garcia, Laura Garcia Castro,

R. Guerrero Lopez, R. Perona, L. Sastre

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 ane-
mia and idiopathic pulmonary fibrosis. Tel-
omeres are nucleo-protein structures placed
at both ends of the chromosomes that pro-
tect them from degradation and also from
telomere-telomere fusions. Telomere DNA is
composed by repetitions of the TTAGGG se-
guence and is bound to proteins of the shel-
terin complex for protection. Maintenance
of telomeres depends on the activity of the
telomerase complex composed by a protein
with reverse transcriptase activity (TERT), a
template RNA (TR, encoded by the Terc gene)
and structural proteins like dyskerin (DKC1).
Mutations in genes coding for proteins of the
shelterin or telomerase complexes or auxil-
iary proteins are the genetic cause of TBDs.
Our group works in several aspects of these
life-threatening diseases that do not have any
curative treatment at the present time. Our
contribution to the prognosis of these diseas-

es is the determination of telomere length
in patient’'s samples sent by many hospitals.
This analysis is accomplished at the Telome-
ropathies service of the [IBM. In addition, we
contribute to the search of causative muta-
tions by whole exome sequencing of selected
patients. Pathological 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/Ei)) 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 working 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: B. Ferndndez Varas,

C. Manguan-Garcia, L. Garcia Castro, L. Acero
Riaguas, R. Guerrero Lopez, Perona, R; L. Sastre
Perona, A; 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
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the therapy and represent a significant chal-
lenge for the patients and the health system.
Our research is focussed on the possible
role played the dual-specificity protein phos-
phates DUSP1 (MKP1) in these tumors. Dusp1
is expressed at low level in ¢<SCC tumors and
expression levels correlate with advanced tu-
mors and worst prognostic. Dusp1 mutant
mice developed a larger number of ¢SCC than
wild type animals upon DMBA/TPA chemical
mutagenesis treatment. We are presently
characterizing these tumors to determine the

PUBLICATIONS:

Flores, C., Alonso-Gonzédlez, A. Veliz-Flores,

reasons behind their more aggressive behav-
iour. We are also generating conditional mu-
tant mice that lack DUSP1 expression specif-
ically at keratinocytes. In addition, ¢SCC 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 c¢SCC, the pos-
sible use as biomarker and/or therapy target
molecule.
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Overview

The main function of mitochondria is the pro-
duction of vast majority of the cellular ener-
gy in the form of ATP. However, they are also
involved in lipid metabolism, calcium buffer-
ing, apoptosis, the assembly of iron-sulphur
clusters or the biosynthesis of nucleotides,
cholesterol and amino acids. As central reg-
ulators in cell signaling and physiology, mito-
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chondria are essential at the cellular, tissue
and organismal level.

Mitochondria containtheir own genome (mtD-
NA), a circular DNA molecule that encodes 13
structural subunits of the OXPHOS system, as
well as 2 rRNAs and 22 tRNAs necessary for
their translation. However, most mitochon-
drial proteins (approximately 1100) are en-

coded by nuclear DNA and imported into the
organelle. Mitochondria have reached such a
high degree of specialization that their pro-
teome, cristae structure and even their own
distribution within the cell, can vary consider-
ably from one cell type to another within the
same individual. Due to the dual origin of the
mitochondrial proteome, mitochondrial bio-
genesis requires a precise coordination of the
expression of both genomes. An important
aspect of this process is mtDNA maintenance
and decoding, which involves mtDNA repli-
cation to reach the precise copy number of
molecules per cell, the transcription of both
mtDNA strands into two polycistronic RNAs
and their processing, maturation and transla-
tion by the mitochondrial ribosome.

Given the central role of mitochondria in cell
physiology, mutations in nuclear or mito-
chondrial genes affecting OXPHOS biogene-
sis cause the so-called mitochondrial diseas-
es (MDs). Although individually considered
MDs are rare, collectively they represent the
largest group of inborn errors of metabolism.
MDs are genetically and clinically heteroge-
neous 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 non described genes
genes involved in OXPHOS function
through genomic data mining.

P.I. Miguel A. Fernandez Moreno. Colaborators:
Modesto Redrejo Rodriguez (IIBM); Miguel Angel
Martin Casanueva (i+12).

The Drosophila genome has proven to be a
surprising and highly valuable resource for
identifying previously undescribed human
genes involved in OXPHOS function. Once the
association of a newly identified gene with
OXPHOS function is established, in collabora-
tion with Dr. Miguel Angel Martin Casanueva
at the Instituto de Investigacion Hospital 12
de Octubre (i+12), these genes are included
in the genetic screening of patients suffering
an undiagnosed mitochondrial OXPHQOS dis-
ease, with the objective of finding the causa-
tive genes.

Line 2. To characterize the molecular
mechanism of action of a group

of proteins involved in the synthesis

of singular mitochondrial tRNAs.

P.I. Miguel A. Fernandez Moreno. Col.: Alvaro
Antolinez (IIBM), Elena Castellvi (IIBM).
Translation of mitochondrial mRNAs is full of
surprises, you can find overlapping coding
sequences, mMRNAs 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 GIn-tRNAGIn, whose functional defects
provoke devastating phenotypes leading to
death in the first weeks of life.

Line 3. To further understand the rela-
tionship of mtDNA and tumorigenesis.

P.I. Miguel A. Fernandez Moreno. Col.: Alvaro
Antolinez, Bruno Sainz Jr. (IIBM), Rafael Prados
(Dpto Microbiologia, epidemiologia y salud
Publica UAM).

In the context of cancer, we intend to integrate
three major areas of action in the understand-
ing of cancer and its translation to clinic and
society: i) Extracellular vesicles (EVs; in collab-
oration with Dr. Rafael Prados, Dpt. Microbiol-
ogy-UAM), ii) Cancer Stem Cells (which strong-
ly rely on mitochondrial energy metabolism;
in collaboration with Dr. Bruno Sainz, [IBM
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.
P.I.Miguel A. Fernandez Moreno. Col.: Alvaro
Antolinez (IIBM), Alvaro Arana (U. Santiago

de Compostela), Laura Sanchez Pifion

(U. Santiago de Compostela)

The ability to replicate human diseases in an-
imal models provides valuable insights into
disease mechanisms and helps in the develop-
ment of putative treatments. We aim to estab-

lish zebrafish (Danio rerio) as a model organism
to study mitochondrial disorders. Specifically,
in collaboration with Prof. Dr. Laura Sanchez
Pifidn of the ZebraBioRes Research Group at
the Universidade de Santiago de Composte-
la, we have generated a Danio rerio knock-out
model of the mitochondrial translation factor
c60rf203, which is being characterized.

Line 5. Drosophila melanogaster models

of mitochondrial gene expression defects
(Hasta Septiembre 2025)

P.l. Paula Clemente Pérez.

The fruit fly, Drosophila melanogaster, is a
powerful model system with short generation
times, high fecundity, comparably low main-
tenance costs and well-established biological
and genetic tools. Despite the phylogenetic
distance, Drosophila presents functional or-
thologs for a great number of human genes.
Notably, it shares the same mtDNA gene
content and many key metabolic processes,
including those necessary for mitochondrial
gene expression and the OXPHOS biogenesis,
are conserved between human and fly. This
makes the fruit fly a highly suitable model sys-
tem to study mitochondrial pathophysiology.
We are currently characterizing the mecha-
nisms and factors involved in the processing
and maturation of mitochondrial RNAs using
human cell lines and Drosophila models. Addi-
tionally, we are developing and characterizing
Drosophila models for the study of mitochon-
drial pathologies.
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Overview

Mitochondria are the powerhouse of the cell,
generating most of the cellular ATP through
oxidative phosphorylation (OXPHOS). Despite
their central role in energy metabolism, the
function of many mitochondrial proteins re-
mains unknown, and the genetic mechanisms
that regulate OXPHOS biogenesis, including
mitochondrial DNA replication, transcription,
RNA processing, maturation, stability, and
translation, are still under intense investiga-
tion.

As a remnant of their prokaryotic origin,
mitochondria contain their own genome. Hu-
man mtDNA is a small, circular genome that
contains only 37 genes encoding 13 OXPHOS
subunits, as well as 2 rRNAs and 22 tRNAs
essential for mitochondrial translation. Ex-
pression of mtDNA begins with transcription,
which generates two long primary polycis-
tronic transcripts that span almost the full
length of both mtDNA strands. These pre-
cursor transcripts need to be subsequently
processed to release the individual mRNA,
tRNA and rRNA molecules. After excision, the
individual transcripts are further modified by
polyadenylation of most mRNAs and meth-
ylation and pseudouridylation of mitochon-
drial tRNAs and rRNAs. The rRNAs, then, as-
semble with >80 mitorribosomal proteins in
order to form the mitochondrial ribosome.
The adequate processing and maturation of

mitochondrial mMRNAs, rRNAs and tRNAs is
regulated by a repertoire of nuclear encoded
RNA binding proteins, that are translated in
the cytosol and imported into mitochondria.

A correct mitochondrial gene expression
is essential for both energy metabolism and
mitochondrial function. Remarkably, around
20% of the mitochondrial proteome is devot-
ed to mtDNA expression and maintenance,
and over 60 genes involved in mitochondri-
al RNA metabolism have been found mutat-
ed in patients suffering from mitochondrial
disorders. These diseases are clinically and
genetically heterogeneous disorders, char-
acterized by an OXPHOS dysfunction, which
can present at any age with a wide spectrum
of different symptoms and clinical manifesta-
tions. Individually considered mitochondrial
disorders are rare, however, collectively they
represent the most usual cause of inborn er-
rors of metabolism.

New factors involved in the regulation

of mitochondrial gene expression
Researchers involved: Sdnchez Calera, Daniel;
Herndndez Collado, Zoe, Clemente Pérez, Paula.
In recent years, the known repertoire of pro-
teins that regulate the biogenesis of the OX-
PHOS complexes has expanded. However,
despite their importance, hundreds of nucle-
ar-encoded mitochondrial proteins, including

Mitochondrial Gene Expression
and Disease




many of those necessary for OXPHOS biogene-
sis, remain poorly characterized or entirely un-
characterized. We are currently characterizing
the mechanisms and factors involved in the
processing and maturation of mitochondrial
RNAs using CRISPR/Cas9 knock out human cell
lines and Drosophila melanogaster models
and an array of molecular biology techniques
to study mitochondrial function and gene ex-
pression. Through overexpression and immu-
noprecipitation experiments, we are identify-
ing their interactors and RNA targets.

Drosophila models of

mitochondrial disorders

Researchers involved: Antolin Romero, Alba;
Clemente Pérez, Paula.

The fruit fly, Drosophila melanogaster, is a
powerful model system with short genera-

tion times, high fecundity, and well-estab-
lished biological and genetic tools. Despite
the phylogenetic distance, Drosophila pre-
sents functional orthologs for a great number
of human genes. Notably, it shares the same
mMtDNA gene content and many key metabol-
ic processes, including those necessary for
mitochondrial gene expression and OXPHOS
biogenesis, are conserved between human
and fly. This makes the fruit fly a highly suit-
able model system to study mitochondrial
pathophysiology. We have set up Drosophila
as a model to analyze mitochondrial physiol-
ogy and using the CRISPR/Cas system, we are
generating Drosophila models representative
of mitochondrial disorders. These fly lines will
allow us to study the molecular basis of these
diseases and the phenotypical consequences
of a defective mitochondrial function.
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Overview

Our research centers on uncovering the mo-
lecular mechanisms that preserve genomes
stability. We aim to deepen the biochemical un-
derstanding of the proteins and pathways we
investigate, while also exploring their diversity,
evolution, and potential biotechnological appli-

cations. To do so, we rely on simple biological
models—such as bacteriophages and bacte-
rial mobile genetic elements—and employ a
multidisciplinary strategy that integrates bio-
informatics, biochemistry, molecular biology,
and microbiology. We are also committed to

implementing high-throughput genomic and
functional genetic approaches, often through
collaborations with other research groups.

Primer-independent DNA polimerases
and their application to novel whole
genome amplification methods
Researchers involved: Arredondo Lamas, Juan

J.; Ferrer Vdzquez, Laura, Mateo Cdceres, Victor;
Mayoral Campos, Carmen, Redrejo-Rodriguez,
Modesto; and Rueda Bolafios, Kilian.

Our main efforts are dedicated the biochemi-
cal characterization of enzymes involved in al-
ternative mechanisms of DNA replication ini-
tiation or priming that operate independently
of DNA primases, as well as the replicons that
encode them. In recent years, we have sig-
nificantly advanced the understanding of a
novel subfamily of PolB enzymes, the piPolBs
(“primer-independent PolBs"), which we first
described in 2017. These enzymes likely rep-
resent the ancestral forms of family B rep-
licative DNA polymerases, including human
polymerases q, §, and €. Remarkably, piPolBs
can initiate DNA synthesis de novo, without a
pre-existing primer. Our recent work has em-
phasized structure-function analyses to elu-
cidate the molecular basis of their activities
and to apply this knowledge to the develop-
ment of innovative DNA amplification meth-
ods. In addition, we have examined the diver-
sity of cargo genes within pipolins, suggesting
a role as a versatile reservoir of bacterial de-
fense systems.

Efficient and reliable whole-genome amplifi-
cation (WGA) is crucial for modern genomics
and its applications in biomedicine and envi-
ronmental studies. We previously developed
a primer-independent MDA protocol (piMDA),
based on the combined use of piPolB and
®29 DNA polymerase (P29DNAP), which out-
performed existing methods for amplifying
high-GC genomic and metagenomic sequenc-
es (Orddénez et al., 2023). In collaboration
with Andrew Ellington’s laboratory (UT, USA),
we have now applied MutCompute, a ma-
chine-learning strategy to engineer new piPolB
variants with improved amplification perfor-
mance and increased thermostability. When
paired with a commercially available thermo-
stable ®29DNAP variants, these enzymes en-
able isothermal WGA at 44-45 °C from very
low DNA inputs, including picogram-level
amounts of metagenomic or human DNA. Our
short-term efforts are focused on integrating
long- and short-read sequencing to compre-
hensively characterize the amplification prod-
ucts, assessing coverage distribution and se-
qguence bias.

High-throughput bacterial functional
genomics and transcriptomics

Researchers involved: Lozano Escobar, Eduardo
and Redrejo-Rodriguez, Modesto.

We are also strongly interested in the pro-
tein-primed DNA replication strategies em-
ployed by linear-genome bacteriophages,
particularly temperate tectiviruses that infect




diverse Bacillus cereus sensu lato, a group of
bacteria with notable biomedical and biotech-
nological relevance. In collaboration with Dr.
Annika Gillis (Catholic University of Louvain, Bel-
gium), we are using RNA-seq experiments for
analyzing the transcriptional reprogramming of
Bacillus thuringiensis hosts during lysogeny and
following induction of the lytic cycle by both
coevolved and heterologous betatectiviruses.
Complementary computational efforts, includ-
ing coexpression clustering and network-based
analyses, aim to identify the molecular signa-
tures associated with tectivirus infection.

Furthermore, in collaboration with Dr. Mario
Mencia (CBMSO and UAM, Madrid), we have ex-
amined Thermus thermophilus Tn-seq datasets to
identify genes required for growth at high tem-
peratures. Unexpectedly, transposon insertions
were found in nearly all genes, complicating the
distinction between essential and non-essential
loci. Comparisons with core-genome predictions
derived from pangenome analyses—from the
genus level to the phylum level—revealed no
correlation with Tn-seq results. We hypothesize
that the organism'’s known polyploidy, together
with potential regulatory mechanisms, may un-
derlie its ability to tolerate insertions in genes
typically essential in bacteria, reflecting its re-
markable genomic plasticity.

Genomic and Gene-Flow Approaches
to Bacterial Species Delimitation
Researchers involved: Cobo Simon, Marta
and Marcos Ferndndez, Jorge..

Our research explores the application of
high-throughput comparative genomics and
gene-flow-based frameworks to refine bacteri-
al taxonomy and understand the evolutionary
forces shaping microbial diversity. We focus on
the reclassification of the marine bacterial or-
der Pelagibacterales (SAR11), one of the most
abundant and ecologically relevant clades in
the global ocean. Leveraging complete ge-
nomes and metagenome-assembled genomes,
we integrate multiple complementary criteria—
including Average Nucleotide Identity (ANI),
Genome Taxonomy Database (GTDB) assign-
ments, and gene-flow analyses based on the
Biological Species Concept (BSC) —to delineate
cohesive evolutionary units within SAR11.

Our work combines computational pipe-
lines for large-scale genome retrieval, quality
filtering, ANI-based clustering, and phylogenet-
ically informed taxonomic assignment, togeth-
er with recombination-based approaches such
as ConSpeciFix and PopCOGenT. This integrative
strategy allows us to evaluate whether homol-
ogous recombination acts as a cohesive force
within SAR11 lineages and to identify potential
biological species undergoing ecological diver-
sification. These analyses contribute to estab-
lishing universal, biologically grounded criteria
for species delimitation in prokaryotes and pro-
vide insights into the evolutionary dynamics of
one of the most diverse and environmentally
significant bacterial groups.
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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.

Osteogenesis imperfecta and

bone fragility conditions

Osteogenesis imperfecta (Ol) is a bone-re-
lated disorder characterized by an increased
risk of fractures. Most Ol cases are caused by
mutationsin COL1AT or COL1A2, which are the
genes coding for the two polypeptide chains




of procollagen type I. However, there is also
a small fraction of Ol 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 Ol or to other
forms of bone fragility
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Overview
Our laboratory is interested in understanding
the geneticand molecular bases of hearing loss.
Hearing loss, technically referred to as
hypoacusis (from the Greek hypo- (urto-),
meaning under, decrease, deficiency, and
akousis (Akouolg), the act of hearing or listening)
and more commonly called “deafness,” is
defined as a decrease in auditory sensitivity
in one or both ears, which manifests as an
elevation of the hearing threshold. Moderate
and severe forms have a direct impact on
language development and speech perception,
and therefore on oral communication, learning,
social relationships, and overall quality of life.
Accordingtoreports from the World Health
Organization, there are currently more than
1.6 billion people with hypoacusis, and around
480 million (6% of the world’s population) have
disabling hearing loss—a figure expected to
rise to 10% by 2050, mainly due to population
aging. This situation carries an extremely high
cost for healthcare systems and the global
economy, estimated at 1 trillion dollars annu-
ally (including direct costs such as devices or
rehabilitation, and indirect costs such as loss
of productivity). But it also has an intangible
impact, which often leads many people with
hearing impairment, especially older adults,
into isolation, loneliness, and early cognitive
decline. In fact, hearing loss is considered the
most important preventable risk factor for the

development of dementia: for every 10 dB of
loss, our risk increases by 4-24%.

Hearing loss has a highly diverse etiology,
including genetic factors (mutations in genes
relevant to hearing) and a wide array of
environmental agents (e.g., noise, toxins,
infectious agents) and lifestyle factors (e.g.,
nutrition) that can damage the ear. Thus, the
constantinteraction between the genome and
the exposome determines the deterioration
of auditory function, as demonstrated by
studies conducted in monozygotic twins.

Follow us on X and YouTube:
@HearingMadrid

YouTube: https://www.youtube.com/channel
/UCYanykLgCm8aGOT9dbTINWg

Genetic and Molecular Bases

of Hereditary Hearing Loss

Researchers involved: Murillo Cuesta, Silvia, Cedliel
Algovia, Rafael; Contreras Rodriguez, Julio;

Varela Nieto, Isabel; Garcia Montoya,Carmen,
Meéndez Grande, Inés; Tapias Martin, Marina

Our objective is to study hearing loss
associated with deficiency of insulin-like
growth factor I (IGF-1), its high-affinity receptor,
and its intracellular targets—particularly p38/
MKP1 and NLRP3—as well as identify the
transcriptional networks that regulate inner
ear senescence during aging.
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and Myelinopathies




Environment-Genome Interaction

in Hearing Loss

Researchers involved.: Murillo Cuesta, Silvia,
Cediel Algovia, Rafael; Contreras Rodriguez, Julio,
Varela Nieto, Isabel; Zubeldia Ortufio,

José Manuel; Garcia Montoya, Carmen,

Méndez Grande, Inés; Tapias Martin, Marina.
Our objective is to analyze animal models of
hearing loss to identify genetic predisposition
factors and their interaction with environmental
factors such as noise exposure, ototoxic agents,
and nutritional status, with particular attention
to the role of oxidative stress and inflammation
in auditory damage.

Study of Human Vestibular Schwannoma
Researchers involved:Murillo Cuesta, Silvia; Vare-
la Nieto, Isabel; Franco Caspuefias,

Sandra; Méndez Grande, Inés, Ruiz Garcia,
Carmen. Jiménez Lara, Ana Maria, Rodriguez
Etxebarria, Ariadna; Cosgaya Manrique, José.

Our objective is to Investigate this rare tumor of
the cochleovestibular nerve from a molecular
and translational perspective in collaboration
with the ENT service in La Paz University
Hospital.

Development of Experimen-

tal and Translational Tools

Researchers involved:Murillo Cuesta,

Silvia; Cediel Algovia, Rafael; Contreras
Rodriguez, Julio; Blanco Herrera, Luz.

Develop and maintain advanced platforms
including 2D and 3D primary cultures, animal
models, ex vivo cultures, microsurgical
techniques and procedures, biomarker
panels, and new drug delivery and imaging
approaches (MRI) in the inner ear, while
ensuring the competitiveness of the 1IBM
ENNI facility as a unique service within the
Community of Madrid.
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