1. Project #1

Project title: Epigenetic control in human cancer

Supervision: Dr. Tokameh Mahmoudi; Prof. Dr. Riccardo Fodde and Prof. Dr. Peter Verrijzer
Department of Biochemistry, Erasmus MC

Keywords: Chromatin; Oral Cancer; Liver Cancer; Epigenetics Organoids; (Stem) Cell
Differentiation; SWI/SNF; Polycomb; NURD

Project Summary:

One of the major surprises that came out of the cancer genome sequencing studies was the
preponderance of mutations in ATP-dependent chromatin remodelers, which were associated
with a broad spectrum of cancer types. Although these findings suggest a crucial role for
remodelers in human cancer, the underlying molecular mechanisms remain enigmatic. Our
previous work in Malignant Rhabdoid Tumors and in oral cancer suggested that subunit-
dependent gene-selection is a major cause of the association between the loss of specific
remodeler subunits and particular types of cancer. Our results emphasize that gene control
involves a dynamic equilibrium between opposing chromatin modulating enzymes rather than a
static chromatin state. Disturbances in this balance can initiate a cascade of chromatin
reprogramming events that drives oncogenesis. Such an intertwined system of epigenetic
regulation suggests therapeutic strategies aimed at restoring the balance between antagonistic
activities. The main goal of this proposal is to elucidate the cooperative and antagonistic
interplay between the NURD, Polycomb and SWI/SNF chromatin modulating enzymes during
the onset and malignant progression of oral and liver cancer. We will use an integrated
combination of tumor analysis, whole genome epigenetic and gene expression analysis, 3D
organoid cultures and CRISPR/CAS9 genome editing technologies. We anticipate that our
results will not only identify the relevant tumor suppression pathways, but also provide general
insights in the roll of epigenetic balance in (cancer) stem cell differentiation.

Main methodology and techniques:

3D organoid cultures of normal and cancerous cells - liver and oral

Next generation sequencing analysis of chromatin and gene expression (ChIP-seq and RNA-seq)
Proteomics

High resolution imaging

CRISPR/CASY genome editing



2. Project #2

Project title: X inactivation and reactivation in human induced Pluripotent Stem (iPS) cells
Supervision: Dr. Mehrnaz Ghazvini; Prof. Dr. Joost Gribnau; Dr. Tokameh Mahmoudi
Department of Reproduction and Development, and iPS core facility, Erasmus MC

Keywords: induced pluripotent stem (iPS) cells ; X inactivation; cancer; epigenetics; CRSPR
Cas9 gene editing

Project Summary:

All biological differences between women and men originate from the sex chromosomes. Some
160 million years ago, the X and Y chromosomes were very similar, but since then the Y
chromosome has lost most of its genes, whereas the present X chromosome contains more than
1000 genes. Hence, the dosage of X-encoded genes needs to be equalized between female (XX)
and male (XY) cells. This is achieved by random inactivation of one of the X chromosomes in
female embryonic cells. X chromosome inactivation (XCI) is directed by a multitude of
epigenetic processes and has been instrumental as a model system to provide new insights in
gene regulation. Our work and that of others revealed a close link between loss of pluripotency
and initiation of XCI. These studies were performed in mouse embryonic stem (ES) cells
representing a powerful model system to study XCI. In contrast to female mouse ES and induced
pluripotent stem (iPS) cells that retain two active X chromosome prior to differentiation, most
female human ES and iPS cells retain one inactive X chromosome. In culture this inactive state
is gradually lost, but unfortunately is not reinstalled upon differentiation. Therefore human
female iPS cells are less suited to study human disease, perform drug screens or as a source for
regenerative medicine. Proper understanding of the human XCI process is crucial to address this
problem and facilitate robust reactivation of the inactive X as well as robust XCI upon cell
differentiation. For this project we would like to increase our understanding of human XCI, by
translating our findings observed in mouse to human.

Main methodology and techniques:

We will use human iPS cells as a model system to study XCI, and apply the Crispr/Cas9
targeting technology to remove genes with a known and putative role in XCI and study the effect
on XCI and cell differentiation. The post-doctoral fellow will work in well-equipped laboratories
with expertise in X inactivation (Gribnau) and iPS and stem cell (Ghazvini) research. Prof.
Gribnau is an expert in sex chromosome biology and epigenetics, focusing on different aspects
of the X inactivation process, to identify and characterize mechanisms in gene regulation. Dr.
Ghazvini is the director of the Erasmus MC iPS core facility and an expert on embryonic stem
cell and 1PS cell research.



3. Project #3

Project title: Assessing in vitro responsiveness of patient-derived human colorectal cancer
organoids to in vivo patient response to drugs: a proof of concept

Supervision: Dr. Robert Vries, Hubrecht Organoid Technology (HUB), Dr. Tokameh
Mahmoudi, PhD, Department of Biochemistry Erasmus MC

Keywords: colorectal cancer (CRC); LGRS stem cells; organoid-tumoroid technology platform,
lentiviral transduction and gene editing

Project Summary:

The stem cell based organoid / tumoroid technology for the first time allows the culturing and
expansion of a patient’s own organoids in vitro in order to test and select the most effective and
least toxic drug combination for the specific patient. Organoids display all the characteristics of
differentiated primary cell types within the organ, thereby representing an in vitro platform for
preclinical drug discovery and validation and a tool for precision personalized medicine.
Colorectal cancer (CRC) is one of the top five most common cancer types in the world. In The
Netherlands while the majority of patients present with stage I-III disease with a fraction
displaying distant metastases, eventually, approximately half will develop distant metastases, a
small subset of which, who harbour metastasis usually in the liver undergo surgical resection of
metastases either before or after downsizing of the tumor by chemotherapy with the intent to
cure the disease. Colorectal Cancer patient tumoroids have been examined as a platform to
determine predictive susceptibility to different chemotherapeutic compounds (van de Wetering et
al, Cell, 2015), where based on the genetic profile of the tumor it would be impossible to predict
responsiveness to specific drugs. Thus, stem cell-derived organoids present a potentially game
changing strategy to improve preclinical testing and pharmacological compound validation while
additionally addressing inter-individual variability of drug response (personalized medicine).
This observational clinical study will assess the discriminative performance of metastatic CRC
tumor organoids for therapy response prediction. Patient tumoroids will be seeded from biopsies
or resections of metastatic CRC patients. The tumoroid culture will be treated in parallel with the
same standard of care therapy in vitro. In vivo patient response to therapy (clinical parameters)
will then be compared with in vitro tumoroid response to therapy. This is an ongoing project,
which the successful candidate (preferable MD-PhD) will join in order to acquire training in
performing organoid-tumoroid cultures, clinical trials and molecular analysis.

Main methodology and techniques:

3D organoid and tumoroid cultures

Next generation sequencing analysis of chromatin and gene expression (ChIP-seq and RNA-seq)
High resolution imaging (OIC-confocal, fluorescence microscopy)

Flow Cytometry Activated Cell Sorting

Drug screening



4. Project #4

Project title: Organoids as diagnostic platform in Cystic Fibrosis

Supervision: Dr. Robert Vries, Hubrecht Organoid Technology (HUB), Dr. Tokameh
Mahmoudi, PhD, Department of Biochemistry Erasmus MC

Keywords: Cystic Fibrosis; Orkambi; LGRS stem cells; organoid-tumoroid technology platform,
lentiviral transduction and CRSPR-Cas-9 gene editing; clinical trial

Project Summary:

The stem cell based organoid / tumoroid technology for the first time allows the culturing and
expansion of a patient’s own organoids in vitro in order to test and select the most effective and
least toxic drug combination for the specific patient. Organoids display all the characteristics of
differentiated primary cell types within the organ, thereby representing an in vitro platform for
preclinical drug discovery and validation and a tool for precision personalized medicine.

Cystic Fibrosis (CF) is the most common life shortening, hereditary disease in the Caucasian
population. CF is a monogenetic disease caused by defects in the Cystic Fibrosis Transmembrane
Regulator (CFTR) protein, which regulates the fluid flow within cells and effects the components
of sweat, digestive fluids and mucus. Current therapies for CF are mainly directed at treating the
symptoms of the disease, focusing on preventing and reducing bacterial infection and
inflammation and normalizing nutrient digestion and physical growth. However, the underlying
cause of the disease, which is a defectively functioning CFTR protein is not addressed, resulting
in death of the patient, usually by their mid-30’s. Recently, high-throughput screening of
chemical libraries has identified compounds that enhance the CFTR channel gating or that
partially correct defects in folding of the protein and were shown to have the potential to treat the
underlying cause of CF. However, not all patients respond to the drugs (which are very
expensive), and therefore identifications and stratification of the responsive patients would be
essential to justify the enormous costs of treatment. Recently this platform has been used as a
predictive tool to screen Cystic Fibrosis patient organoids for responsiveness to specific drugs
(Dekkers et al., 2013 Nature Medicine; Schwank G et al., Cell Stem Cell). In this proof-of-
concept clinical study we aim to validate the CF organoid model system as a diagnostic tool to
predict treatment outcome in patients with CF, by analyzing and comparing in vitro organoid
response with in vivo clinical response to CF drug treatment. This is an ongoing observational
clinical study, which the successful candidate post-doc (preferable MD-PhD) will join.

Main methodology and techniques:

3D colorectal organoid cultures

Next generation sequencing analysis of chromatin and gene expression (ChIP-seq and RNA-seq)

High resolution imaging (OIC-confocal, fluorescence microscopy)

Flow Cytometry Activated Cell Sorting

Drug screening



5. Project #5

Project title: Liver organoid-tumoroid platform in study of HBV infection, replication and
tumorigenesis

Supervision: Dr. Robert Vries, Hubrecht Organoid Technology (HUB), Dr. Tokameh
Mahmoudi, PhD, Department of Biochemistry Erasmus MC

Keywords: Liver organoid-tumoroid technology; HBV infection; lentiviral transduction and
CRSPR-Cas-9 gene editing

Project Summary:

Persistent Hepatitis B virus (HBV) infection remains the leading cause of liver cirrhosis and
hepatocellular carcinoma world-wide. However, identification and study of the molecular events
that occur as consequence of HBV infection and which mediate onset of hepatocellular
carcinoma have been greatly hindered because of the lack of a relevant primary untransformed
model system. The stem cell based liver organoid / tumoroid technology for the first time allows
the culturing, expansion, banking, differentiation of hepatocytes from healthy donors or infected
patients at various stages of disease (Huch M et al., 2015). We apply the human liver organoid
technology to the study of HBV infection and HBV-induced tumorigenesis. We have generated
HBYV infected patient and healthy liver organoid culture lines seeded from surgically explanted
tissue. Human liver organoids are infected with both recombinant virus as well as HBV infected
patient serum and determinants of infection and viral replication are examined. We will also
examine the role of various pathways implicated in liver cancer such as Wnt-beta-catenin (Li VS
et al Cell 2012), p53 and Ras in the organoid model. Transgenic liver organoid lines including
those that exogenously express the HBV receptor NTCP or the viral gene HBX, E and core
Antigens are also generated and molecular determinants of infection and oncogenesis are
investigated using these tools.

Main methodology and techniques:

3D liver organoid cultures from healthy donor, HBV infected and hepatocellular carcinoma
patients

Next generation sequencing analysis of chromatin and gene expression (ChIP-seq and RNA-seq)
High resolution imaging (OIC-confocal, fluorescence microscopy)

Flow Cytometry Activated Cell Sorting

Lentiviral transduction and gene editing
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