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OVERVIEW

In the Transformation and Metastasis Group, we aim to understand
normal mammary gland development and the key events thatlead
to tumour initiation, progression, and metastasis, and to identify
novel therapeutic targets to combat breast cancer. Sex hormones
play a central role in physiology and cancer. We study the RANK
signalling pathway as a key regulator of mammary epithelial cells
and myeloid cells. We use complementary tools, including primary
cell cultures and organoids, lineage tracing mouse models, and
clinical samples, with the goal of translating basic knowledge into
clinically relevant findings.

“Rank signalling controls
sex hormone production.”

“Rank signalling modulates
epithelial and myeloid cell
identity and functionality.”
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RESEARCH HIGHLIGHTS

Microglia Rank signalling regulates GnRH function and
the hypothalamic-pituitary-gonadal axis

The hypothalamic-pituitary-gonadal axis (HPG) controls
pubertal development, sexual maturation, and fertility. We hereby
demonstrate a new role for hypothalamic microgliain controlling
the HPG axis through Rank signalling, a pathway known for its role
in bone and mammary gland biology. Whole-body and microglia-
specific Rank depletion leads to hypogonadotropic hypogonadism
(HH) resulting from an alteration in gonadotropin-releasing
hormone (GnRH) function. In addition, we identified rare gene
variants of RANK in patients with HH.

Transcriptional profiling upon Rank loss reveals defective microglia
activation and morphological alterations in the median eminence,
decreasing the contacts and engulfment of GnRH terminal
projections and impairing GnRH responses to kisspeptin. Overall,
our data uncover arole for microglia in regulating GnRH function
through Rank signalling, with implications for reproductive
maturation and fertility.

Rank signaling drives basal cell-lineage infidelity leading
to mammary tumorigenesis

Rank signalling regulates mammary gland development and
epithelial differentiation. While Rank is expressed in both basal and
luminal cells, its basal-specific role is unclear. Here, using inducible
basal-specific Rank expression and lineage tracing, we show that
Rank signalling regulates basal cell identity in postnatal mammary
glands. Increased basal Rank activity disrupts basal and luminal
identities, causing aberrant luminal-like differentiation, lactation
defects, and premalignant lesions composed of hybrid basal-
derived cells that progress to basal and luminal adenocarcinomas.
Conversely, Rank loss reduces tumour formation and impairs cell
identity.

Mechanistically, proteomic, transcriptomic, and chromatin analyses
reveal that Rank activation drives epigenetic remodelling, leading
to basal identity loss and tumour initiation. A basal Rank gene
signature correlates with ductal carcinoma in situ recurrence,
as well as poor outcomes in luminal breast cancers. Thus, basal
Rank-driven lineage infidelity promotes pre-invasive lesions and
the transition to invasive breast cancer. B

FIGURE 1 Microglia Rank loss alters
microglia activation and morphology in
the median eminence, reducing GnRH-
microglia contacts and impairing the

functionality of GnRH and the pituitary-
gonadal axis. (Some pictures were
obtained from BioRender and modified.)
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Book Chapter

Pérez-Chacdn G, Santamaria PG, Re-
dondo-Pedraza J, Gonzalez-Sudrez
E (2025). RANK/RANKL signaling
pathway in breast development and
cancer. In T Sgrlie & RB Clarke (Eds), A
guide to breast cancer research: From
cellular heterogeneity and molecular
mechanisms to therapy (Advances in
Experimental Medicine and Biology vol.
1464, pp. 309-345). Springer Cham.
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» AWARDS AND RECOGNITION

» Eva Gonzalez Sudrez:

- ERC-2024 Proof of Concept Grant (In-
tra-RANKS; Role: PI). European Research
Council.

- Vice Chair, Gordon Conference of Mam-
mary Gland Biology, Maine, USA.

- Speaker, ENBDC, Think Tank, Bordeaux,
France.

- Invited Speaker: “Women Lead: Shaking
Science” (FUTURA Project), Valencia,
Spain; XXI IBiS Researchers Forum, Se-
ville, Spain; CNIO-Weizmann Institute
of Science Joint Symposium, Fundacién
Ramon Areces, Madrid, Spain; 11th Met-
net International Meeting (“Emerging

Trends in Translational Metabolic Re-
search”) and Il Senescel Meeting, Barce-
lona, Spain; EACR Cancer Neuroscience
Conference, Bilbao, Spain; 38th Annual
Meeting of the European Macrophage
and Dendritic Cell Society (EMDS), Ed-
inburgh, UK.

+ Oral Presentation: CNIO-CaixaResearch

Frontiers Meeting: “Molecular and Cel-

lular Hallmarks of Aging”(3rd edition),

Madrid, Spain.

Alejandro Collado Solé:

+ Excellent Cum Laude PhD Thesis defence,
Rank signaling pathway: From mammary
gland biology to neuroendocrine regu-
lation of reproduction (May 2025), Au-
tonomous University of Madrid, Spain.

Maria Aranzazi Gémez:

- Flash Talk, CNIO Lab Day, Madrid, Spain.

Macarena Pozo:

- Oral Presentations: CNIO Friends Day,

Madrid, Spain; Jornada Amigos del CNIO
Asociacion Social “Asociacion de Alicante
contra el Cancer”, Madrid, Spain.

Jaime Redondo Pedraza:

- Excellent Cum Laude PhD Thesis de-

fence, Lineage-Specific Activation of
RANK Signaling in the Mammary Gland:
Implications for Epithelial Cell Commit-
ment and Cancer Progression (July 2025),
Autonomous University of Madrid, Spain.
Mario Rodriguez del Collado:

- Predoctoral Internship Fellowship, Resi-

dencia de Estudiantes (Madrid), awarded

by the Spanish Ministry of Science, Inno-
vation and Universities.

- AECC Fellowship, IV Meeting of Young

Cancer Researchers (EJIC25), Calatayud,
Spain.

- Oral Presentation, CNIO Lab Day, Ma-

drid, Spain.
Xavier Thillen Rauly:

- CAM Predoctoral Contract (PIPF-2024/

SAL-GL-35534), Comunidad de Madrid,
Spain.
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