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Extended Abstract

In the recent years, cancer research has largely focused on biology of cancer-related stroma. The tumor
microenvironment (TME) is a highly heterogeneous milieu consisting of different cell types and plays an important biological
role in cancer development and progression. In particular, cancer-associated fibroblasts (CAFs) are the major cell population
in the TME which support tumor growth, metastasis formation and induce drug resistance, through the production and
secretion of variety of growth factors and cytokines, as well as extracellular matrix components [1]. A biological hallmark
of CAFs is the selective expression of fibroblast activation protein (FAP), a membrane-bound serine protease of the
dipeptidyl peptidase subfamily, not present in healthy tissues [2]. FAP is important for remodeling the extracellular matrix,
plays a role in tumor invasion and immunosuppression, and it could be exploited as a target for innovative anticancer
therapies against tumor stroma [3]. In this context, the rise of nano-approaches has offered new opportunities of treatment
[4], promoting new strategies based on specific CAF-targeted delivery system by surface functionalization of the nanocages
and allowing the encapsulation of cytotoxic drugs direct to these cells [5-6].

To this purpose, we developed a FAP-targeted nanotherapy against CAFs using H-ferritin nanocages (HFn-FAP) loaded
with the pro-apoptotic drug Navitoclax (Nav), a Bcl-2 inhibitor able to induce apoptosis in CAFs [7].

CAFs were isolated from 4T1 breast tumors grown in mice [8] and characterized by Western blot, analyzing the
expression of specific markers such as smooth muscle actin and FAP. Targeting and cytotoxic properties of engineered
nanodrugs were investigated in cell culture in vitro. FAP+ CAFs displayed high binding capability with functionalized
nanocages than FAP- cancer cells. This was correlated with surface expression of FAP in the selected cells. Nav-loaded
functionalized nanocages (HNav-FAP) has been characterized and tested in comparison with non-functionalized HNav and
free drug for in vitro efficacy on FAP+ cells. Raman spectroscopy, transmission electron microscopy, dynamic light
scattering and UPLC/MS-MS results confirmed the characteristic structure of the nanocages and an effective
nanoformulation of Nav. Indeed, as verified by apoptosis induction, BAX activation, and the caspase-dependent cleavage
of the nuclear protein PARP-1, Nav is released inside the cells and maintains its native molecular activity in sensitive cells.
The viability assay to evaluate the pharmacological activity of the nanoconstructs revealed that HNav-FAP induced
remarkable cytotoxic effect in FAP+ cells in comparison to non-functionalized HNav and free drug administered at the same
concentration. The increased activity of HNav-FAP was fully in accordance with a significantly higher drug release observed
in FAP-overexpressing cells. Finally, we evaluated biodistribution and tumor targeting of HFn-FAP in a mouse syngeneic
model of triple negative breast cancer after intravenous administration. In vivo preliminary results demonstrated that
functionalized HFn is able to recognize CAFs and enhance intratumoral retention of the nanoparticles.

In conclusion, our findings suggest that FAP-targeted nanotherapy could be a promising strategy against CAFs to
modulate the tumor microenviroment and provide new hope to fight the cancer.
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