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Summary (max 250 words)

High-risk neuroblastoma (HR-NB) is a leading cause of pediatric cancer mortality, with
survival rates below 40% despite intensive therapy. Its immunologically “cold” phenotype,
marked by defective antigen presentation, low immune infiltration, and absence of tertiary
lymphoid structures (TLS), limits the efficacy of immune checkpoint blockade (ICB),
underscoring a critical unmet clinical need.

We propose that tumor-intrinsic programs actively enforce immune exclusion by disrupting
antigen presentation and chemokine networks required for effector cell recruitment and TLS
formation. We aim to therapeutically induce TLS in HR-NB through combinatorial
immunomodulatory strategies, thereby restoring immune competence and sensitizing
tumors to ICB.

We will employ rational combinations of immunomodulatory agents to trigger TLS
neogenesis in vivo, assessing their impact on tumor architecture, chemokine production,
and immune activation. Translational validation will be performed using patient-derived
tumoroids co-cultured with autologous immune cells and a retrospective cohort of 104
human NB samples to identify predictive biomarker signatures.

This project will define actionable mechanisms of immune resistance and establish TLS
induction as a novel therapeutic strategy to convert HR-NB into an ICB-responsive disease.
By integrating preclinical and patient-derived models, we will deliver predictive biomarkers
and clinically relevant combination approaches, accelerating the development of effective
immunotherapies for HR-NB and other immune-cold tumors.

Pertinent Publications of the proponent (last 5 years)

1. Methods for Probing NK Cell Surveillance of Antigen Presentation. Krél K, Fruci D.
Methods Mol Biol. 2026;3007:227-238. doi: 10.1007/978-1-0716-5092-9_15.

2. Mapping B cells and the immune landscape of tertiary lymphoid structures reveals their
clinical impact in neuroblastoma. Melaiu O, Chierici M, Gragera P, Lazzaro N, Petrilli LL,
Wienke J, Bergsma FJ, Verhoeven BM, De Stefanis C, D'Oria V, Benedetti MC, Barillari
G, Alaggio R, De loris MA, Vinci M, Baryawno N, Carsetti R, Jurman G, Molenaar JJ,
Locatelli F, Fruci D. J Immunother Cancer. 2025 Nov 11;13(11):e012860. doi:
10.1136/jitc-2025-012860.

3. Discovery of a new selective ERAP1 inhibitor for Hedgehog-dependent cancer treatment.
Bufalieri F, Cucinotta A, Cammarone S, Agnoli F, Basili I, Ferri G, Quaglio D, Caimano
M, Capriotti AL, Montone CM, Lospinoso Severini L, Tempora P, D'Amico S, Juretich F,



Semrau MS, Navacci S, Conenna M, Bordone R, Spallotta F, Garavaglia S, Storici P,
Ghirga F, Lagana A, Locatelli F, Ayrault O, Infante P, Botta B, Mori M, Fruci D, Di
Marcotullio L. Mol Ther. 2026 Jan 7;34(1):582-605. doi: 10.1016/j.ymthe.2025.10.036.
Epub 2025 Oct 17.

4. Combined IFN-y and TNF-a treatment enhances the susceptibility of breast cancer cells
and spheroids to Natural Killer cell-mediated killing. Barberini F, Pietroni R, lelpo S,
Lucarini V, Nardozi D, Melaiu O, Benvenuto M, Focaccetti C, Palumbo C, Rossin F, Fruci
D, Olive D, Masuelli L, Bei R, Cifaldi L. Cell Death Dis. 2025 Oct 16;16(1):729. doi:
10.1038/s41419-025-08021-0.

5. Inhibition of autophagy enhances the antitumor efficacy of T/CAR T cell against
neuroblastoma. De Mitri F, Giansanti M, Melaiu O, Haas D, Ebert S, Tumino N, Vulpis E,
Gatto F, Martuscelli B, Antonioli M, Sangiuliano E, Caruso S, Scarsella M, De Stefanis C,
Marabitti V, Campello S, Fruci D, Vacca P, Caruana |, Nazio F. J Exp Clin Cancer Res.
2025 Jul 3;44(1):185. doi: 10.1186/s13046-025-03453-0.

6. A genome-wide shRNA screen uncovers a novel potential ligand for NK cell activating
receptors. Romania P, Cifaldi L, Gragera P, D'Alicandro V, Caforio M, Folgiero V, Lucarini
V, Melaiu O, Bei R, Locatelli F, Fruci D. Front Immunol. 2025 Jun 18;16:1537876. doi:
10.3389/fimmu.2025.1537876. eCollection 2025.

7. Altered BAG3-insulin colocalization is associated with impaired first phase insulin
secretion in humans. Damiani V, Di Giuseppe G, Gliozzo G, Ciccarelli G, Pizzinato E, Del
Pizzo F, Fruci D, Brunetti M, Soldovieri L, Quero G, Mari A, Alfieri S, Pontecorvi A,
Giaccari A, De Laurenzi V, Mezza T. Diabetes Res Clin Pract. 2025 Nov;229:112232. doi:
10.1016/j.diabres.2025.112232.

8. ERAP1 Activity Modulates the Immunopeptidome but Also Affects the Proteome,
Metabolism, and Stress Responses in Cancer Cells. Nikopaschou M, Samiotaki M,
Stylianaki EA, Krél K, Gragera P, Raja A, Aidinis V, Chroni A, Fruci D, Panayotou G,
Stratikos E. Mol Cell Proteomics. 2025 May;24(5):100964. doi:
10.1016/j.mcpro.2025.100964.

9. Immunogenic Cell Death Inducers in Cancer Immunotherapy to Turn Cold Tumors into
Hot Tumors. Lucarini V, Melaiu O, Gragera P, Krél K, Scaldaferri V, Damiani V, De Ninno
A, Nardozi D, Businaro L, Masuelli L, Bei R, Cifaldi L, Fruci D. Int J Mol Sci. 2025 Feb
14;26(4):1613. doi: 10.3390/ijms26041613.

10. Combining ERAPL1 silencing and entinostat therapy to overcome resistance to cancer
immunotherapy in neuroblastoma. Tempora P, D'Amico S, Gragera P, Damiani V, Krol
K, Scaldaferri V, Pandey K, Chung S, Lucarini V, Giorda E, Scarsella M, Volpe G,
Pezzullo M, De Stefanis C, D'Oria V, De Angelis L, Giovannoni R, De loris MA, Melaiu O,
Purcell AW, Locatelli F, Fruci D. J Exp Clin Cancer Res. 2024 Oct 22;43(1):292. doi:
10.1186/s13046-024-03180-y.

11. Manipulating the tumor immune microenvironment to improve cancer
immunotherapy: IGF1R, a promising target. Pellegrino M, Secli V, D'Amico S, Petrilli LL,
Caforio M, Folgiero V, Tumino N, Vacca P, Vinci M, Fruci D, de Billy E. Front Immunol.
2024 Feb 14;15:1356321. doi: 10.3389/fimmu.2024.1356321. eCollection 2024.

12.  From the identification of actionable molecular targets to the generation of faithful
neuroblastoma patient-derived preclinical models. Capasso M, Brignole C, Lasorsa VA,
Bensa V, Cantalupo S, Sebastiani E, Quattrone A, Ciampi E, Avitabile M, Sementa AR,
Mazzocco K, Cafferata B, Gaggero G, Vellone VG, Cilli M, Calarco E, Giusto E, Perri P,
Aveic S, Fruci D, Tondo A, Luksch R, Mura R, Rabusin M, De Leonardis F, Cellini M,
Coccia P, lolascon A, Corrias MV, Conte M, Garaventa A, Amoroso L, Ponzoni M,
Pastorino F. J Transl Med. 2024 Feb 13;22(1):151. doi: 10.1186/s12967-024-04954-w.

13. Two bullets in the gun: combining immunotherapy with chemotherapy to defeat
neuroblastoma by targeting adrenergic-mesenchymal plasticity. D'Amico S, Tempora P,



Gragera P, Krél K, Melaiu O, De loris MA, Locatelli F, Fruci D. Front Immunol. 2023 Oct
2;14:1268645. doi: 10.3389/fimmu.2023.1268645. eCollection 2023.

14. Combined mitoxantrone and anti-TGFB treatment with PD-1 blockade enhances
antitumor immunity by remodelling the tumor immune landscape in neuroblastoma.
Lucarini V, Melaiu O, D'Amico S, Pastorino F, Tempora P, Scarsella M, Pezzullo M, De
Ninno A, D'Oria V, Cilli M, Emionite L, Infante P, Di Marcotullio L, De loris MA, Barillari G,
Alaggio R, Businaro L, Ponzoni M, Locatelli F, Fruci D. J Exp Clin Cancer Res. 2022 Nov
17;41(1):326. doi: 10.1186/s13046-022-02525-9.

15. DNAM-1-chimeric receptor-engineered NK cells, combined with Nutlin-3a, more
effectively fight neuroblastoma cells in vitro: a proof-of-concept study. Focaccetti C,
Benvenuto M, Pighi C, Vitelli A, Napolitano F, Cotugno N, Fruci D, Palma P, Rossi P, Bei
R, Cifaldi L. Front Immunol. 2022 Jul 28;13:886319. doi: 10.3389/fimmu.2022.886319.
eCollection 2022.

16.  Targeting the antigen processing and presentation pathway to overcome resistance
to immune checkpoint therapy. D'Amico S, Tempora P, Melaiu O, Lucarini V, Cifaldi L,
Locatelli F, Fruci D. Front Immunol. 2022 Jul 22;13:948297. doi:
10.3389/fimmu.2022.948297. eCollection 2022.

17. ERAP1 Controls the Interaction of the Inhibitory Receptor KIR3DL1 With HLA-B51:01
by Affecting Natural Killer Cell Function. D'’Amico S, D'Alicandro V, Compagnone M,
Tempora P, Guida G, Romania P, Lucarini V, Melaiu O, Falco M, Algeri M, Pende D,
Cifaldi L, Fruci D. Front Immunol. 2021 Nov 30;12:778103. doi:
10.3389/fimmu.2021.778103. eCollection 2021.

18. ERAP1 as an emerging therapeutic target for medulloblastoma. Bufalieri F, Fruci D,
Di Marcotullio L. Trends Cancer. 2022 Jan;8(1):4-8. doi: 10.1016/j.trecan.2021.09.005.
Epub 2021 Oct 20.

19. Enhancement of Neuroblastoma NK-Cell-Mediated Lysis through NF-kB p65
Subunit-Induced Expression of FAS and PVR, the Loss of Which Is Associated with Poor
Patient Outcome. Brandetti E, Focaccetti C, Pezzolo A, Ognibene M, Folgiero V, Cotugno
N, Benvenuto M, Palma P, Manzari V, Rossi P, Fruci D, Bei R, Cifaldi L. Cancers (Basel).
2021 Aug 29;13(17):4368. doi: 10.3390/cancers13174368.

20. Quantification of the Immune Content in Neuroblastoma: Deep Learning and
Topological Data Analysis in Digital Pathology. Bussola N, Papa B, Melaiu O, Castellano
A, Fruci D, Jurman G. Int J Mol Sci. 2021 Aug 16;22(16):8804. doi:
10.3390/ijms22168804.

21. GD2 redirected CAR T and activated NK-cell-mediated secretion of IFNy overcomes
MYCN-dependent IDO1 inhibition, contributing to neuroblastoma cell immune escape.
Caforio M, Sorino C, Caruana I, Weber G, Camera A, Cifaldi L, De Angelis B, Del Bufalo
F, Vitale A, Goffredo BM, De Vito R, Fruci D, Quintarelli C, Fanciulli M, Locatelli F,
Folgiero V. J Immunother Cancer. 2021 Mar;9(3):e001502. doi: 10.1136/jitc-2020-
001502.

22. ERAP1 and ERAP2 Enzymes: A Protective Shield for RAS against COVID-19?
D'Amico S, Tempora P, Lucarini V, Melaiu O, Gaspari S, Algeri M, Fruci D. Int J Mol Sci.
2021 Feb 8;22(4):1705. doi: 10.3390/ijms22041705.

23. Dendritic Cells: Behind the Scenes of T-Cell Infiltration into the Tumor
Microenvironment. Lucarini V, Melaiu O, Tempora P, D'Amico S, Locatelli F, Fruci D.
Cancers (Basel). 2021 Jan 23;13(3):433. doi: 10.3390/cancers13030433.

24. Nutlin-3a Enhances Natural Killer Cell-Mediated Killing of Neuroblastoma by
Restoring p53-Dependent Expression of Ligands for NKG2D and DNAM-1 Receptors.
Veneziani I, Infante P, Ferretti E, Melaiu O, Battistelli C, Lucarini V, Compagnone M,
Nicoletti C, Castellano A, Petrini S, Ognibene M, Pezzolo A, Di Marcotullio L, Bei R,



Moretta L, Pistoia V, Fruci D, Barnaba V, Locatelli F, Cifaldi L. Cancer Immunol Res. 2021
Feb;9(2):170-183. doi: 10.1158/2326-6066.CIR-20-0313. Epub 2020 Dec 10.

25.  Cellular and gene signatures of tumor-infiltrating dendritic cells and natural-killer cells
predict prognosis of neuroblastoma. Melaiu O, Chierici M, Lucarini V, Jurman G, Conti
LA, De Vito R, Boldrini R, Cifaldi L, Castellano A, Furlanello C, Barnaba V, Locatelli F,
Fruci D. Nat Commun. 2020 Nov 25;11(1):5992. doi: 10.1038/s41467-020-19781-y.

26. Impact of Natural Occurring ERAP1 Single Nucleotide Polymorphisms within miRNA-
Binding Sites on HCMV Infection. Melaiu O, D'Amico S, Tempora P, Lucarini V, Fruci D.
Int J Mol Sci. 2020 Aug 15;21(16):5861. doi: 10.3390/ijms21165861.

27. News on immune checkpoint inhibitors as immunotherapy strategies in adult and
pediatric solid tumors. Melaiu O, Lucarini V, Giovannoni R, Fruci D, Gemignani F. Semin
Cancer Biol. 2022 Feb;79:18-43. doi: 10.1016/j.semcancer.2020.07.001. Epub 2020 Jul
10.

28. Genetically driven CD39 expression shapes human tumor-infiltrating CD8+ T-cell
functions. Gallerano D, Ciminati S, Grimaldi A, Piconese S, Cammarata |, Focaccetti C,
Pacella I, Accapezzato D, Lancellotti F, Sacco L, Caronna R, Melaiu O, Fruci D, D'Oria
V, Manzi E, Sagnotta A, Parrino C, Coletta D, Peruzzi G, Terenzi V, Battisti A, Cassoni
A, Fadda MT, Brozzetti S, Fazzi K, Grazi GL, Valentini V, Chirletti P, Polimeni A, Barnaba
V, Timperi E. Int J Cancer. 2020 Nov 1;147(9):2597-2610. doi: 10.1002/ijc.33131. Epub
2020 Jul 8.

29. Influence of the Tumor Microenvironment on NK Cell Function in Solid Tumors.
Melaiu O, Lucarini V, Cifaldi L, Fruci D. Front Immunol. 2020 Jan 21;10:3038. doi:
10.3389/fimmu.2019.03038.



