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Personalized animal and cellular models of lung cancer for the design of precision medicine

DESCRIPTION OF THE TECHNOLOGY

Despite rapid advances in drug development and surgical procedures, lung cancer remains the leading cause of cancer-related death worldwide. The overall 5-year survival rate is approximately 15%. Surgery is still considered the best option for the treatment of non-small cell lung cancer (NSCLC), however, lung cancer is usually diagnosed at an advanced stage, and less than 25% of NSCLC patients are considered candidates for surgical therapy. Chemotherapy is another important therapeutic strategy for the treatment of cancer, but it cannot eliminate all tumor cells due to drug resistance. In recent years, genetic mutations have been identified in lung tumors and therefore drug-targeted therapy has been developed directed against some of them. However, even providing individualized therapies, acquisition of resistance to treatment is one of the main causes of the high mortality of lung cancer. In fact, metastasis and therapeutic resistance are the main causes of failure in the treatment of lung cancer. This resistance is mediated by multiple and complex mechanisms both genetic and epigenetic. It is clear that new approaches are required for the development of new therapies to treat this devastating disease.

To investigate lung tumor biology, we generate lung cancer models which can adequately represent tumor heterogeneity and predict in vivo drug sensitivity. Specifically, we are developing:

1. Patient-derived Xenograft Models (PDX). This experimental approach consists in the generation of animals model that functions as an "avatar" of the patient. For this, a sample of the tumor of a patient is obtained and transplanted to an immunodeficient mouse, which allows the propagation of the tumor without need of manipulation of the cells in culture. The PDX model retains largely the histological and genetic characteristics of the original tumor. The fact of amplifying the patient's tumor tissue in several mice and analyzing it at different times, relatively quickly, allows a better understanding of the molecular changes that drive metastasis and resistance to therapies. Therefore, this model can be used as an in vivo system for testing the efficacy of compounds with antitumor activity, to guide in the design of a personalized treatment, or for the identification of new mutations and biomarkers.

2. Lung cancer tumor organoids. In recent years, three-dimensional culture methods have been described to recapitulate in vivo cell growth characteristics, and allows self-organization, differentiation and the existence of mixed heterogeneity within the culture environment. However, these cell cultures are technically difficult. The primary culture of the tumor cells is useful to investigate the biology of cancer and predict the sensitivity to the drugs for each patient. In our laboratory we are generating a prospective biobank of three-dimensional cultures, organoids, derived from tumors of patients with non-small cell lung cancer. To do this we partially digest fresh tumor biopsies and the resulting tissue is grown on a three-dimensional support in a specific medium for embryonic stem cells. Organoids of cancer cells are formed and retain largely the histological characteristics and molecular subtype of the original tumor, the selective tumorigenic potential and the response to drugs.

These experimental models, in addition to identifying specific mutations predictive of the malignancy, provide us with information to deduce the structure of the tumor heterogeneous population and the existence of clonal selection and evolution. This, together with the drug screening, will also allow us to identify the drivers of therapeutic resistance. Therefore, these animal and cellular models represent a preclinical platform with very valuable predictive information about the response of tumors to different therapeutic combinations, and therefore directed to personalized medicine.

MARKET APPLICATION SECTORS
- Public and private research entities.
- Pharmaceutical and diagnosis companies.
- Biotechnological companies.
- Hospitals
TECHNICAL ADVANTAGES AND BUSINESS BENEFITS
The animal and cellular model development platform will have an experimental, applied and multidisciplinar character, which will entail the coordination of several laboratories, unities and services to ensure their correct and efficient functioning.
i.
Administrative and IT.
ii.
Molecular Pathology.
iii.
Animal lab.
iv.
OMICs (Genomics, Proteomics, Cytomics, Metabolomics).
v.
Bioinformatics.
vi.
Cellular cultures.
vii.
Drug screening.
The administrative and IT resources will support the bureaucatic part of the sample monitoring and the information treatment. The resources in bioinformatics will be used for the data integration.
The CIPF counts with a modern animal lab to carry out the PDX, especially suited for the maintenance of the inmunodeficient mice in optimum conditions. Furthermore, the CIPF has a Molecular Pathology service for the histological and anatomopathological analysis of the samples. The CIPF also has Genomics, Proteomics, Cytomics and Metabolomics services, which will be used for the “omics” analysis of the samples. There is also a drug screening service that will be used to test different therapeutical combinations or drug screening in the cellular cultures. 
The current proposal provides a growing novel experimental platform with applications both in the clinical setting and in research and development of new cancer therapies, together with a clear commitment in the development of the oncological personalized medicine.
CURRENT STATE OF DEVELOPMENT
The CIPF have 6 PDX models of NSCLC, a collection of 20 organoids derived from the NSCLC tumors and a total of 50 tumor sample of patients and healthy tissue from the adjacent area of the tumor cryopreserved and waxed.  
INTELLECTUAL PROPERTY RIGHTS
N/A
COLABORATION SOUGHT
Private contracts with pharmaceutical companies and collaboration in R+D national and international projects.
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