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Summary

Organoids

Despite important advances in research, breast cancer remains a major health problem and represents an urgent biomedical research priority.
Worldwide, breast cancer is the most common cancer affecting women, and its incidence and mortality rates are expected to increase every
year. Almost 37.000 new cases of breast cancer will be diagnosed in Spain in 2030, an increase of 7.3% compared to 2020. Breast cancer is a
high heterogeneous disease on the molecular level. Regardless of the best standard of care, early diagnosis tools, surgery, radiotherapy and
neoadjuvant chemotherapy, still a high percentage of the patients relapse and die from their disease. Breast cancer is far from a resolved
malignancy, and the advances achieved in other malignancies, in terms of definition of genomic markers associated to disease course, benefit
from immunotherapy or targeted therapy is currently limited. In the last decade, the technology of three-dimensional (3D) cultures has been an
unprecedented revolution that has completely changed the way of studying the development of healthy organs, and also, the process of
carcinogenesis. Organoids are generated from stem cells that are able to form 3D structures. The stability and versatility of organoids have
provided a unique opportunity to approach human diseases that affect epithelial tissues, above all stand out patient-derived tumor organoids
(PDTO) which offer great potentials in uncovering novel biology of cancer development. In the context of breast cancer disease organoids have
also been a very useful model, for example, normal organoids provide a valuable resource for studying development and function of the human
mammary gland, and normal breast organoids can be subjected to CRISPR-Cas9 editing for understanding de novo oncogenesis. Importantly,
due to the retained genetic and histologic features of the original patient tumor, PDTOs are a potent tool for personalized medicine. Then, taking
advantage of breast cancer organoids as a faithful model for precision medicine we will focus our efforts in improving the treatment of breast
cancer patients. Our aim is to develop a PDTO platform for studying the mechanism of resistance to CDK4/6 inhibitors and moreover, we will
develop co-cultures of lymphocytes and breast cancer organoids for identifying new predictive biomarkers of immunotherapy with the aim to
determine more effective immunotherapy treatments for breast cancer patients.

In the last decade, the technology of three-dimensional (3D) cultures has been an unprecedented revolution that has completely changed the way of
studying the development of healthy organs, and also, the process of carcinogenesis. Organoids are generated from stem cells that are able to form 3D

structures, they could be defined as any heterotypic structures that can be reproducibly generated from single cells or cell clusters derived from somatic
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or pluripotent stem cells and, can self-assemble through cell–cell and cell–extracellular matrix (ECM) communications. The stability and versatility
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of organoids have provided a unique opportunity to approach human diseases that affect epithelial tissues, above all stand out patient-derived tumor
organoids (PDTO) which offer great potentials in uncovering novel biology of cancer development.

Figure1. Generation of breast cancer organoids from breast tumor metastasis. The establishment of PDTOs comprises tumor
digestion with collagenase and after two sequential centrifugations that isolate single cells that finally are seeded embedded into
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The most prevalent histological subtypes of breast cancer are invasive ductal carcinoma (50%–80%) and invasive lobular carcinoma (5%–15%). To test
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Figure6. Co-culture of breast cancer organoids and peripheral blood lymphocytes. Tumo
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Use of PDTOs to improve immunotherapy treatments in TNBC patients

To date, clinical data have shown that the use of specific CDK4/6 inhibitors significantly improves the efficacy of treatment in patients with ER+/HER2advanced breast cancer. However, up to now the best response biomarker is the ER, much more progress is needed in this field, but probably all the lines
of research and multiple clinical trials that are currently ongoing will discover soon new biomarkers to predict effectiveness. But we cannot forget the
problem of resistance to CDK4/6 inhibitors that has been little explored. Resistance to these drugs is almost inevitable in most patients and the
mechanisms of resistance to them seems to be multifactorial and are still mostly unknown.

Immunotherapy has changed the standard of care in melanoma, lung, kidney or urothelial cancer. Immune checkpoint inhibitors (ICIs) are the most
successful and thoroughly investigated immunotherapeutic agents to date, focus on PD-1/PD-L1 blockade and CTLA-4 inhibition. Several studies focusing
on the immunologic landscape of breast cancer subtypes pointed out TNBC as the subtype with the strongest tumor immunogenicity. But, the urgent
problem of the lack of predictive biomarkers for cancer immunotherapy could explain the low-to-moderate efficacy rates in TNBC patients. TillFigure6.
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Scientific development in the field of healthcare must focus into medical unmet needs of the population. Breast cancer is far from a resolved
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Use
ofimmunotherapy
PDTOs to overcome
the problem
of currently
resistance
to CDK4/6
organoids
the
four
presented
culture
( organoid
from
or–
targeted
therapy
is
limited.
Breastinhibitors
cancer isTumoroid
the most frequent malignancy
in women.
The main goal of plus
our
projects covers issues that have not seen great advances for the last decades, the management of TNBC patients and the resistance to CDK4/6
inhibitors.
For these issues,
our platform
breast cancer
PDTOs has proven very
promising
results as clinical model.
same
patient-derived
lymphocytes )
examples
grow
in aof solid,
cystic,
Moreover, we will generate a unique breast cancer PDTOs Biobank that will represent an invaluable tool for therapeutic screenings and will be
discohesive and grape-like pattern,
showing that different conditions
available for researchers and clinician’s communities. In fact, the development of this project has been possible thanks to a strong
collaboration between the CNIO Breast Cancer Clinical Research Unit (BCCRU) and the medical Oncology Departments of University Hospital 12
with
underlying
biological differences
( activation with co-stimulators, plus
de
Octubre
(Dr. Ciruelos).
in the gene-expression programmes
or minus interferon, or more or less
of luminal, basal and stromal cells
cells ) influence the ability to infiltrate
converging in those morphologies,
and kill the organoid ( blueConclusions
: tumour
Figure6. Co-culture
of breastpattern
cancer organoids
peripheral
lymphocytes. Tumor
recapitulating
the growth
of andcells
; redblood
: lymphocytes
).

heterogeneous subpopulations of cells that share the same genome, and they are termed “clones”. Each clone, that composes the tumor, since it has
different genomic aberrations, may have different sensitivity or resistance patterns against chemotherapy. This is not taken into account nowadays in
clinical oncology, and patients receive continuous treatment with same treatment regimen until tumor regrows, obviously accounted for by the clones that
were resistant (or became resistant) to the administrated treatment, which, in turn, was able to eradicate a portion of clones. The aim is to undertake the
first exploration to relate genomic alterations to response or sensitivity to the combination of CDK4/6 inhibitors and endocrine therapy.

Next-generation sequencing panels have become widely used
tools to try to allocate and individualise treatments in advanced
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Figure4. Genomic evolutions alongside tumor progression.

The Breast Cancer Clinical Research Unit ( BCCRU ) focuses
on the translational interface of therapeutic development.
Breast cancer is a heterogeneous disease and, thus, there are
large inter-patient variations in terms of disease course,
prognosis, relapse, and resistance to conventional or targeted
therapeutics. Our activities are directed towards personalised
treatment and range from preclinical models to correlative
studies and clinical trials.
Our current research areas are :
ɗ Studying the implications of hypoxia for immunotherapies.
ɗ Understanding the individual factors regulating the
response to immunotherapy in breast cancer, taking

“ At the Breast Cancer Clinical
Research Unit, we focus on
individualising therapy for advanced
breast cancer.”
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organoids were established from metastatic biopsies of TNBC patients and stimulated with IFNγ for 24
hr prior to co-culture with peripheral blood mononuclear cells (PBMCs) from the same patient. Then
during the co-culture IL-2 and a cocktail of anti CD3, CD28 and CD2 were added to provide costimulation and proliferation of T cells.

Figure4. Genomic evolutions alongside tumor progression.
Metastatic disease show a higher level of genomic complexity, in
fact, treatments create a selection pressure on tumor cell
populations and can lead to clonal selection/expansion and
occurrence of new major driver mutations.

Figure5. Clonal-derived organoids show differential response to four
different drugs. Single-cell clone were generated from the organoid line
H12_5, each clone was treated during 4 days and .cell viability was
measured by CellTiter-Glo.
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that converges in the regulatory machinery of tubulin
acetylation is responsible for making cancer cells sensitive to
this drug. This pair of markers is highly accurate in predicting
sensitivity in the clinical setting. s

Use of PDTOs to overcome the problem of resistance to CDK4/6 inhibitors
To date, clinical data have shown that the use of specific CDK4/6 inhibitors significantly improves the efficacy of treatment in patients with ER+/HER2advanced breast cancer. However, up to now the best response biomarker is the ER, much more progress is needed in this field, but probably all the lines
of research and multiple clinical trials that are currently ongoing will discover soon new biomarkers to predict effectiveness. But we cannot forget the
problem of resistance to CDK4/6 inhibitors that has been little explored. Resistance to these drugs is almost inevitable in most patients and the
mechanisms of resistance to them seems to be multifactorial and are still mostly unknown.
∞ PUBLICATIONS
We will try to solve
the problem of acquired resistance to endocrine therapy and CDK4/6 inhibitors using PDTOs but we propose to switch the current
standard chemotherapy administration approach for advanced cancer patients. It is a fact that tumors are not homogeneous, but composed of small and
heterogeneous subpopulations of cells that share the same genome, and they are termed “clones”. Each clone, that composes the tumor, since it has
different genomic
∞ aberrations, may have different sensitivity or resistance patterns against chemotherapy. This is not taken into account nowadays in
clinical oncology, and patients receive continuous treatment with same treatment regimen until tumor regrows, obviously accounted for by the clones that
were resistant (or became resistant) to the administrated treatment, which, in turn, was able to eradicate a portion of clones. The aim is to undertake the
first exploration to relate genomic alterations to response or sensitivity to the combination of CDK4/6 inhibitors and endocrine therapy.
∞

advantage of an advanced, personalised “ tumouroid ”
platform.
ɗ Tackling the mechanisms of resistance against novel
therapies in advanced breast cancer.
ɗ Incorporating our findings into concept-driven clinical
trials.
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