
1 st Stem Cell  Institute Postdoc Symposium 
 

Friday 10th July 13:30, University Centre, Granta Place, CB2 1RU, Cambridge. 
 
Agenda: 
 
13:30 Registration and Welcome  
 
13:45 Junior Group Leader Talk 
 “Growing Mini Brains and Growing a Lab in Cambridge” 
 Dr. Madeline A. Lancaster 
 MRC Laboratory of Molecular Biology, Cambridge Biomedical Campus 
 
14:20 SCI Postdoc Session I 
 
 “Investigating the rules of cell fate decision-making in real time” 
 Dr. Christian Schröter, Martinez-Arias Lab, Dept. of Genetics 
  
 “Epigenetic and single-cell transcriptome analysis of the MuERVL/Zscan4 positive 
 subpopulation of mouse embryonic stem cells” 
 Dr. Melanie Eckersley-Maslin, Reik Lab, Babraham Institute 
 
 “Dynamic heterogeneity in homeostatic stem cell populations” 
 Dr. Philip Greulich, Simons Lab, Cavendish Laboratory, Dept. of Physics 
 
15:20 Poster Session and Coffee Break 
 
16:00 SCI Postdoc Session II 
 
 “Derivation of epicardium and epicardium-derived smooth muscle cells from human 
 pluripotent stem cells” 
 Dr. Dharini Iyer, Sinha Lab, The Anne McLaren Laboratory for Regenerative Medicine 
  
 “Resolving the Cellular Hierarchy of Thrombocyte Lineage Development Using Single Cell 

RNA-Seq” 
 Dr. Charlotte Labalette, Cvejic Lab, Department of Haematology 
 
 “Pheripheral blood derived cell therapy in a pre-clinical osteochondral defect model”  
 Dr. Niina Hopper, Henson Lab, Dept. of Veterinary Medicine  
 
17:00 Invited Speaker: Talk and Discussion 
 “Gene editing debate: the role of the bioethicist” 
 Dr. Silvia Camporesi 
 Lecturer in Bioethics and Society, King’s College, London 
 
17:45 Closing Remarks 
 
18:00 Poster Session and Wine Reception 
 
19:30 Event closure 
 
Organised by the Stem Cell Institute Research Associate Committee. Sponsored by the 
Graduate School of Life Sciences. 
 
 



Abstracts of oral presentations 
 
Growing Mini Brains and Growing a Lab in Cambridge 
 
Madeline A. Lancaster 
MRC Laboratory of Molecular Biology, Cambridge Biomedical Campus, Francis Crick Avenue 
Cambridge, CB2 0QH, UK 
 
Transitioning from post-doc to independent investigator is an exciting point in one’s academic 
career. I have only very recently made this transition and the process is still quite fresh. I will talk 
about my own experience in applying, interviewing and choosing the place that was right for me, the 
LMB here in Cambridge. I will also discuss how several choices one makes far ahead of this 
transition can influence your success at making that jump. Finally, I will talk about my own research 
interests, cerebral organoids, and how we are using this new model system to investigate 
mechanisms unique to human brain development and pathogenesis of neurodevelopmental 
disorders.   
 
 
Investigating the rules of cell fate decision-making in real time 
 
Christian Schröter, Pau Rué, Jonathan Peter Mackenzie and Alfonso Martinez Arias 
Department of Genetics, University of Cambridge, Downing Street, Cambridge CB2 3EH, UK 
 
Binary fate decisions that subdivide a population of progenitor cells into proportionate pools of cells 
with distinct fates are a recurrent theme in development. How the molecular activities of 
transcriptional regulators and signaling pathways are integrated to establish the correct proportions 
of cells with particular fates is not well understood. We have developed an embryonic stem (ES) cell 
model to study this question in the context of the decision between the epiblast and the primitive 
endoderm fate that occurs in the mammalian preimplantation embryo. Engineered ES cells carrying 
inducible transgenes and live reporters of the alternative fates allow us to quantitatively manipulate 
and track inputs and outputs of the decision with high temporal resolution by multi-color live imaging. 
Our quantitative, single-cell approach reveals that PrE-like differentiation is a cell autonomous event 
that requires a threshold level of transcription factor activity in each individual cell. Furthermore, we 
find that Fgf/MAPK signaling levels sets the threshold level of transcription factor activity required for 
differentiation, a novel principle for the role of signaling in fate decisions. More recently, we have 
found that Fgf/MAPK signaling displays dynamic heterogeneities in ES cell cultures, a phenomenon 
that I plan to explore in my future research. 
 
 
Epigenetic and single-cell transcriptome analysis of the MuERVL/Zscan4 positive 
subpopulation of mouse embryonic stem cells 
 
Melanie Eckersley-Maslin1 *, Valentine Svensson2 *, Ricardo Miragaia2, Thomas Stubbs1, Sarah 
Teichmann2, Wolf Reik1,3 
1 Epigenetics Programme, Babraham Institute, Cambridge CB22 3AQ, UK; 2 EMBL-EBI, Hinxton, 
CB10 1SD, UK; 3 Wellcome Trust Sanger Institute, Hinxton, CB10 1SA, UK 
* These authors contributed equally to the work 
 
Mouse embryonic stem cell (mESC) cultures are heterogeneous, containing a rare subpopulation of 
cells expressing genes normally restricted to the pre-implantation embryo, including the MuERVL 
retrovirus and Zscan4 cluster. Through the use of fluorescently labelled reporter lines we show that 
mESCs transit through this state, with approximately 2% of serum-cultured mESCs expressing the 
early embryonic genes at a given time. Using novel methods for marker gene discovery in single-cell 
transcriptome data we identified a unique gene signature that distinguishes these cells from other 
mESCs. Interestingly, many of the marker genes have unknown functions and are highly specific to 
the 2-cell/4-cell embryo. Modelling of both mESC and pre-implantation transcriptome data revealed 
a number of potential enhancers and suppressors of the MuERVL retrovirus. Functional validation of 
these, as well as epigenetic profiling of the subpopulation will be presented, along with an outlook on 
potential biological significances of this subpopulation. 
 



 
Dynamic heterogeneity in homeostatic stem cell populations 
 
Philip Greulich and Benjamin D. Simons. 
Cavendish Laboratory, TCM University of Cambridge 19, JJ Thomson Avenue, Cambridge, CB3 
0HE, UK. 
 
Adult stem cells are the key players in maintaining healthy tissue. In order to keep the population of 
tissue cells in a homeostatic state, proliferation and differentiation of stem cells must perfectly 
balance. Otherwise, tissues degenerate or dysplasia and tumours may evolve. In recent years 
studies have shown that in many mammalian tissues the stem cell fate (stem cell proliferation vs. 
differentiation) is decided stochastically, with equal chances for gain and loss of stem cells. 
Nonetheless, the mechanism to maintain the precise balance in stochastic gain/loss events of stem 
cells remains largely unknown. Here I present a model for cell fate dynamics, where balance of cell 
fate outcomes follows automatically from two properties of stem cells: (i) Dynamical heterogeneity, 
in which cells reversibly switch between states of different propensity towards differentiation. (ii) The 
cells’ ability to sense and respond to cell crowding in the stem cell niche. The dynamical 
heterogeneity model is able to accurately reproduce experimental cell lineage data of living tissues 
and shows a high robustness towards failure of regulatory pathways. Furthermore, it is able to 
explain the homogeneous distribution of cell types in epithelial basal layer, in contrast to hierarchical 
cell fate models. 
 
 
Derivation of epicardium and epicardium-derived smooth muscle cells from human 
pluripotent stem cells 
 
Dharini Iyer, Laure Gambardella, William Bernard, Felipe Serrano, Victoria L Mascetti, Roger 
A Pedersen, Amarnath Talasila, Sanjay Sinha 
The Anne McLaren Laboratory for Regenerative Medicine, Division of Cardiovascular Medicine, 
University of Cambridge, Addenbrooke’s hospital, Cambridge, UK 
 
Due to its fundamental role in heart development, the epicardium has emerged as a multipotent 
cardiovascular progenitor source with therapeutic potential in terms of coronary smooth muscle cell 
(CoSMC), cardiac fibroblast and cardiomyocyte regeneration. Here we describe a chemically 
defined method for generating epicardium and epicardium-derived smooth muscle cells (EPI-SMCs) 
from human pluripotent stem cells (HPSCs) through an intermediate lateral plate mesoderm (LM) 
stage. HPSCs were differentiated to LM in the presence of fibroblast growth factor (FGF) and 
elevated levels of bone morphogenic protein (BMP) signalling. The LM was robustly differentiated to 
an epicardial lineage by activation of BMP, WNT and retinoic acid signalling pathways. The HPSC-
epicardium displayed enhanced expression of epithelial and epicardium-specific markers, exhibited 
morphological features comparable to human fetal epicardial explants and engrafted in the sub-
epicardial space in vivo. The HPSC-derived epicardial cells underwent an epithelial to mesenchymal 
transition when treated with platelet derived growth factor-BB (PDGF-BB) and transforming growth 
factor-β1 (TGF-β1), resulting in vascular SMCs that displayed contractile ability in response to 
vasoconstrictors. In addition, the EPI-SMCs showed similarity to primary human coronary artery 
smooth muscle cells in low density lipoprotein (LDL) uptake and effective lowering of LDL upon 
treatment with statins. Cumulatively, these findings suggest that HPSC-derived epicardium and EPI-
SMCs could serve as important tools for studying human development and as a platform for 
vascular disease modelling and drug screening. 
 
 
Resolving the Cellular Hierarchy of Thrombocyte Lineage Development Using Single 
Cell RNA-Seq 
Iain Macaulay1, *, Charlotte Labalette1-3, *, Valentine Svensson1, 4, *, Lauren Ferreira1-3, Fiona 
Hamey3, Sarah Teichmann1, 4, Ana Cvejic1-3. 
 
1 Wellcome Trust Sanger Institute, Wellcome Trust Genome Campus, Hinxton, Cambridge, CB10 
1HH, UK; 2 Department of Haematology, University of Cambridge, CB2 0PT, UK; 3 Wellcome Trust 
– Medical Research Council Cambridge Stem Cell Institute, Cambridge, CB2 1QR, UK; 4 European 
Molecular Biology Laboratory, European Bioinformatics Institute (EMBL-EBI), Wellcome Trust 



Genome Campus, Hinxton, Cambridge CB10 1SD, UK 
 
The prevalent model for haematopoiesis assumes a stepwise set of obligatory steps through which 
progeny of haematopoietic stem cells pass during lineage development. Our understanding of the 
transcriptional programs that govern lineage differentiation has mainly been advanced by 
population-level analysis of these discrete steps. Therefore, the current approaches had limited 
success in depicting the continual nature of fate decisions that the cell makes during differentiation. 
Here we used single cell RNA-Seq of cd41:EGFP cells to reconstruct the cellular hierarchy of 
thrombocyte lineage development in zebrafish. Using novel computational methods we ordered cells 
according to their most likely developmental chronology, with each cell representing a distinct time 
point along a continuum. Our model predicts transition of cd41 cells through five transcriptional 
states during thrombocyte differentiation; a process associated with marked decrease in total mRNA 
content and the number of expressed genes. We identified genes that are highly correlated with 
these transcriptional states as well as genes that are dynamically regulated during differentiation of 
thrombocytes. Computational analysis revealed novel patterns of usage of duplicated genes during 
thrombopoiesis in zebrafish. 
 
 
Pheripheral blood derived cell therapy in a pre-clinical osteochondral defect model  
Niina Hopper¹, John Wardale¹, Roger Brooks¹, Frances Henson2 
  
1 Division of Trauma and Orthopaedic Surgery, University of Cambridge, Box 180, Addenbrooke's 
Hospital, Cambridge, BC2 0QQ, UK; 2 Department of Veterinary Medicine, University of Cambridge, 
Madingley Road, Cambridge, CB3 0ES, UK 
  
This study characterized peripheral blood mononuclear cells (PBMC) in terms of their potential in 
osteochondral repair and investigated their ability to improve healing in a pre-clinical large animal 
model. PBMCs were isolated with gradient centrifugation and adherent PBMC’s were evaluated for 
their ability to differentiate into adipogenic, chondrogenic and osteogenic lineages and also for their 
expression of musculoskeletal genes and cell surface markers. Osteochondral defects were created 
in the medial femoral condyle (MFC) of 24 Welsh mountain sheep and evaluated at a six month time 
point.  Four cell treatment groups were evaluated in combination with collagen-GAG-scaffold: (1) 
MSC alone; (2) MSCs and PBMCs at a ratio of 20:1; (3) MSCs and PBMC at a ratio of 2:1 and (4) 
PBMCs alone. Samples from the surgical site were evaluated for mechanical properties, ICRS score 
and histological repair. Fresh PBMC samples were positive for hematopoietic cell surface markers 
and negative for the MSC antibody panel, however, the adherent PBMC population demonstrated 
the presence of mesenchymal stem cell markers in hypoxic culture and a lack of CD34/45 positive 
cells. Four key genes in muskuloskeletal biology were significantly upregulated in adherent PBMCs 
by hypoxia and the trilineage mesenchymal potential of the adherent PBMCs was confirmed. PBMC 
cell therapy was equally good as MSC therapy for defects in the ovine large animal model. 
Macroscopic healing score (ICRS) presented early normal cartilage tissue in every cell treatment 
group. Our results show that PBMCs support osteochondral healing and oxygen tension of the 
environment was found to have a key effect on the derivation of a novel adherent cell population 
with an MSC-like phenotype. This study presents a novel and easily attainable point-of-care cell 
therapy with PBMCs to treat osteochondral defects avoiding any cell manipulations outside the 
surgical room.  
 
 
Gene editing debate: the role of the bioethicist 
 
Dr. Silvia Camporesi 
Lecturer in Bioethics and Society, King’s College, London 
 
In this talk I will provide an overview of the international debate surrounding CRISPR/Cas9 gene 
editing technologies. I will seek to unravel the reasons why a moratorium has been called on 
germ-line gene editing applications, and compare the gene editing debate with the recent 
mitochondrial DNA replacement techniques debate, which culminated in the approval by the UK 
Parliament of the law allowing the technique in February 2015. Finally I will discuss the relations 
between academic bioethics and bioethics in policy-making, and outline what role the bioethicist 
could/should play in this debate. 


