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Description of the Project (max 3,000 characters including spaces)

Backgroundlgap of knowledge

The lymph node (LN) microenvironment plays a critical role in regulating anti-tumor immune
responses. This function is largely orchestrated by fibroblastic reticular cells (FRCs), which
provide not only structural support but also essential cues for T and B cell activation and survival
(12). However, tumor-draining lymph nodes (TDLNs) are often associated with
immunosuppression, characterized by the recruitment of immunosuppressive cells and
impaired T and B cell functions (3,4). In addition, recent evidence in preclinical mouse models
indicate that tumor-derived signals drives lymph node transformation and the acquisition of
immunosuppressive features through reprogramming of FRCs (5). Although recent mechanistic
studies have begun to elucidate the role of FRCs in this process, the phenotypic and molecular
determinants that drive FRC-mediated immunosuppression within the TDLN remain poorly
understood.

Rationale and hypothesis
Recent work has also identified a TLR4-dependent fibroblast-monocyte axis in murine TDLNs that

contributes to immune dysfunction and metastasis in triple-negative breast cancer (6). Based
on this, we hypothesize that tumor-derived signals reaching the lymph node reprogram FRCs to
acquire cancer-associated fibroblast (CAF)-like molecular features, thereby driving lymph node
transformation and promoting the differentiation of immunosuppressive myeloid cells and
exhausted T cell populations.

Objectives and specific aims
We have recently developed a 3D lymph node-like hiche cultured in a multi-chamber bioreactor

system that recapitulates key features of lymph node geometry, functionalization, and cellular
composition. Our results demonstrate the physiological relevance of this platform, as it supports
the differentiation, activation, and survival of hematopoietic cells, including T cells. This system,
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established in both murine and human settings, enables long-term culture and has been
validated using clinically relevant drugs in combination with quantitative and omics analyses
(manuscript in preparation).

Building on this model, we further established a murine TDLN platform using a dual-chamber
bioreactor system under continuous perfusion. In the first chamber (‘tumor niche”), BIGFI
melanoma cells are seeded onto a collagen-based scaffold to mimic the primary tumor
microenvironment. This compartment is connected to a second chamber (“LN niche”) containing
lymph node fibroblastic reticular cells (FRCs), thus recreating tumor-lymph node
communication. Medium circulation between the two chambers is maintained using a
peristaltic pump to model physiological fluid flow and soluble factor exchange. Our preliminary
data also demonstrate that CD8 T cells cultured within the 3D LN-niche undergo differentiate into
distinct functional subsets, indicating the capability of this platform to recapitulate key features
of the lymphoid microenvironment.

Using this tool, we will investigate the immunosuppressive mechanisms exerted by tumors on
TDLNs. Specifically, we will investigate how tumor-derived factors induced cellular and molecular
changes in FRCs within the LN niche, as well as their functional consequences on different cell
populations. These objectives will be addressed through the following specific aims:

Aim 1. Optimize and characterize by imaging and flow cytometry a dynamic 3D TDLN model
containing myeloid cells, CD8 T cells, and fibroblastic reticular cells (FRCs), thereby recapitulating
the composition of the murine LN.

Aim 2. Investigate the effects of tumor-derived signals on the cellular and molecular
reprogramming of distinct cell populations within the murine TDLN model using single cell
transcriptomic and multiparametric flow cytometry.

Aim 3. Perform functional studies to assess the how tumor-derived signals impact on the
generation of the immunosuppressive microenvironment and the regulation of T cell immunity
in the TDLN niche.

Expected outcomes
We aim to: i) optimize a 3D murine TDLN multicellular system ex vivo, i) elucidate how tumor-

derived signals affect the cellular and molecular profile of different cell populations, and iii)
assess the immunosuppressive potential of tumor-induced reprogramming of FRCs and
myeloid cells on T cell immunity.

Skills that the student should acquire (max. 600 characters including spaces):

The student will acquire several hard and soft skills. These include the tools isolation of cells and
tissues, approaches to characterize the tumor microenvironment by flow cytometry,
immunofluorescent analysis and confocal imaging, preparation of libraries for single cell and
bulk RNA sequencing, basic tools to perform transcriptomic and pathway analyses. The
student will also learn to critically analyse scientific literature; design and manage scientific
projects; data presentation and discussion at lab and institutional/international meeting and
scientific writing.

References (max.15)

1) Mechthild Lutge et al. Immunological Review 2021. DOI: 10.11/imr.12981
2) Alle L Fletcher et al. Nature Review Immunology 2015. DOI: 10.1038/nri3846




/i Unish 7N\
2
% S

UniSR

Universita Vita-Salute
San Raffaele

APPLICATIONTO ACT AS SUPERVISOR AND
RESEARCH PROJECT PROPOSAL

MO 20-5
ed. 02 of 16/01/2026

PO 20
Page 7 of 10

3) Mechthild Lutge et al. Science Immunology 2025. OI: 10.126/sciimmunol.ads6820
4) Ines Delcalux et al. Trends in Cancer 2024. doi.org/]0.1016/j.trecqn.2023.09.006

5) Riedel et al., Nature Immunology 2016. doi: 10.1002/humu.21134
6) Mattavelli et al.Immunity 2025. doi: 10.1016/jimmuni.2025.08.015




