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OR DECADES (or perhaps centuries) the

approach in cell biology has remained

relatively unchanged. We isolate cells

and with our confined knowledge of their
endogenous conditions, begin to experiment until
we can sustain them in vitro. Once established, we
can conduct further investigation to assess a cell's
response to different conditions, changes over
time or response to manipulation. This is especially
true of stem cell biology, established from tireless
efforts to incrementally improve culture conditions
or differentiation protocols based on fragmented
knowledge of developmental processes. Despite
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Using big data approaches
to develop cell therapies

An area where stem cell biology and medicine are combining effectively is the establishment of new cell
therapies. However, current therapies are limited to a narrow set of cell types that can be isolated or
created and expanded in vitro. Dr Owen Rackham discusses how utilising computational approaches will
further enhance applications of stem-cell-derived therapies in the future.

this, the promise of stem-cell therapies is already
being realised in the clinic, but the breadth of cell
types being used is still relatively narrow. Recent
technological advances in the field have been
focused on the safe and scalable manufacture

of therapies. While these are revolutionary
breakthroughs, the applications are largely limited
to T cells, haematopoietic- and pluripotent-stem
cells (HSCs and PSCs), a small fraction in the grand
heterogeneity of cell types. Consequently, the lack
of cell source diversity prevents cell therapy from
fulfilling its clinical potential, pointing to the need
for new means to isolate or generate source cells.
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Stem-cell therapies: a historical perspective
Stem cells possess the ability (i) to self-renew and

(i) to differentiate into at least one other cell type
and often various cell types. In theory, this potency
gives PSCs, ie, embryonic and induced pluripotent
stem cells (ESCs/iPSCs), the ability to transform into
any somatic cell type. Conversely, adult stem cells,
such as HSCs, are limited to the cell types within their
lineage tree. The HSC differentiation ability and ease
of isolation has enabled the development of the first
generation of stem-cell therapies. These transplant-
based therapies rely on the natural ability of the HSCs
to confer some therapeutic benefit. They are widely
used in bone marrow transplants to reconstitute

the immune system of a patient undergoing
chemotherapy for leukaemia, a procedure performed
thousands of times annually across the globe! and
first performed over 60 years ago.?

The second generation of cell-based therapies
emerged with PSC-derived cells for transplantation.
Early applications were focused on retinal pigment
epithelial cells (RPEs) (for macular degeneration),?
oligodendrocytes (for spinal injuries), pancreatic
endoderm (for diabetes)* and cardiomyocyte
progenitors (for myocardial infarctions).?

Some of these products have proven to be effective,
but have required improvements for safety and
scalability. For instance, incomplete differentiation
of PSCs presents a tumourigenic risk,* a problem
that has been overcome in existing therapies

but remains a concern in future development.
These challenges are increasingly addressed by
technological advancements, reducing technical
barriers and manufacturing difficulties, to make
progress towards future therapies.

The third (or next) generation of cell-based
therapies has advanced to endow upon new
capabilities through cell engineering. Recently,
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the engineered expression of antigen-specific

T-cell receptors (TCRs) or the chimeric antigen
receptors (CAR) has enabled T cells to target
specific proteins, such as those on the surface of
tumour cells. Importantly, the approval of products
such as KYMRIAH® and YESCARTA® has shown that
manufacturing and regulatory infrastructures have
now matured to support these products. Overall,
these three generations of therapies have provided
much optimism about the future of stem-cell-based
therapies. However, despite incredible progress, one
aspect of development appears to be falling behind
— the breadth of applicable source cell types.

As outlined in Figure 1, current estimates are
that there are over 450 human cell types.” Of these,
only 56 can be generated by differentiation® and
41 by transdifferentiation.’ In either case, the
quality of the generated cells is questionable,

Figure 1
Diversity in cell/tissue type at different states of cell therapy development
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The breadth of cell/tissue types at various stages of cell therapy development. Only a small proportion of known cell types
can be generated through differentiation or transdifferentiation and substantially less cell types are being used or developed
as cell therapies. The data is taken from the LifeMap resource on differentiation protocols,'® a review of transcription factor
(TF)-mediated conversion," the LifeMap resource on cell therapies'® and the UK Cell Therapy Catapult survey of clinical

trials 2019.1°
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“The lack of cell
source diversity
prevents cell
therapy from
fulfilling

its clinical
potential”



A

IN-DEPTH FOCUS | STEM CELLS

Figure 2

“Like many
disciplines,
big data’is
making an

Step 1: Cell-type identification

impact on stem
cell biology”

Dr Owen I'\;ackham

Owenis an Assistant
Professor at the
Duke-NUS Medical

School in Singapore.

Heis a world expert

in the development of
computational approaches
for cell reprogramming and
disease-gene association.
His group works on ways
toidentify key regulators
that can control cell fate in
order to find novel routes
for cell conversion, as

well as identifying drug
targets. Originally trained
in computer science

and machine learning,
Owen now combines
experimental and
computational expertise
with a goal of making
biology a more data-
driven discipline.

Step 2: Prediction of conversion

Data-driven cell therapy development pipeline

The data-driven pipeline aims to streamline the process of solving combinatorial problems in stem cell biology. This ever-
increasing pipeline can already find new rare cell types from single-cell data and then predict how to generate them by
differentiation or transdifferentiation. Increasingly, these tools will also be able to address other important issues such as what
conditions can be used to maintain cells in vitro and how drug combinations can be chosen to correct disease-driven gene

expression changes.

with many protocols generating immature cells

or cells expressing partial phenotype. As a result,
only 39 different cell types have been subjected to
clinical trials and according to the UK Cell and Gene
Therapy Catapult clinical trials database,' only
around 10 different cell types are currently being
used in on-going trials. The majority of clinical
studies involve T-cell or HSC-based therapies, owing
to their historical prevalence and proven efficacy,
but many other cell types have yet to be explored
for therapeutic use. This represents an exciting
opportunity for stem-cell-based therapies; building
on lessons learnt from existing cell therapies and
developing new data-driven tools will help to enable
an expansion of available cell types. In turn, this
could reveal new opportunities in research and
treatment options.

The data-driven era

Like many disciplines, "big data” is making an
impact on stem cell biology. Firstly, single-cell
next-generation sequencing data is uncovering
several novel rare cell types, many of which are
appealing for cell therapy. Secondly, data-driven
tools can provide predictions of perturbations to
direct cell fate systematically. For instance, it is
now possible to use data-driven tools to predict
which transcription factors are required to convert
between any two human cell types. Combined,
these will enable a new data-driven development
pipeline for cell therapies, as outlined in Figure 2.

Data-driven discovery of cell types

Recent advances in single-cell sequencing
technology," consortia such as the Human Cell
Atlas' and the development of sophisticated
analysis pipelines means that the number of cell

types and clinically interesting phenotypes are likely
to increase. With every discovery of a new cell type
is the possibility of a novel stem-cell-derived
therapy, as elucidated by the following examples:

B A novel cell type, called the pulmonary ionocyte,
was identified from analysis of single-cell data
from the airway epithelial. This cell type only
represented around one percent of all cells
detected but appears to be the primary source
of cystic fibrosis transmembrane conductance
regulator (CFTR) protein expression.®?

B A study of the human gut at the single-cell
level identified 10 cell types, one of which was
previously unknown. This novel cell type was
a pH-sensing absorptive colonocyte, a function
that was not restricted to a single cell type
previously and a cell type that appears
to be lost in patients with inflammatory
bowel disease.™

B A study of the human liver at the single-cell
level found several new cell types, including
one rare population of cells that could form
organoids in vitro and was shown to be able
to differentiate into both hepatocytes or bile
duct cells.

Each of these novel cell types has a specialised role
within the body. In some cases, the loss of these
cell types appears to be enough to trigger disease,
whilst in other types is the ability to give rise to cells
that are frequently lost or damaged, offering new
ways to regenerate tissues. However, for these new
cells to be developed as therapies, it is necessary to
be able to generate them through differentiation
or transdifferentiation, a challenge that data-driven
tools are helping to enable.
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Data-driven generation of cell types
As early as the 1980s, it was shown that
reprogramming between cell types by transcription
factor overexpression was possible.’*!” Following
the discovery by Yamanaka, there was a renewed
excitement that iPSCs could be created by
over-expression of four transcription factors in
fibroblasts*® and, in principle, derive any somatic
cell type. This excitement was promoted by a
number of subsequent experiments that described
the conversion of fibroblasts to a number of other
cell types, including neurons,” cardiomyocytes®
and hepatocytes? through different sets of
transcription factors. There was hope for a new
era of cell therapy where the underlying cell type
could be any human cell type. However, to achieve
this, the correct set of transcription factors to
drive a cell conversion to any cell type is required.
Despite this early promise, the field struggled to
identify new sets of transcription factors and the
number of cell types that could be generated
remained relatively small. As there are at least
1,600 transcription factors,? to identify the best
combination of, for example, four, we would have
to test 2x10'! sets. Consequently, we have relied
on educated guesses and experimental trial-and-
error to find combinations that work, but with little
or no guarantee that we are headed towards the
best solution.

Recently, a solution has been found in the
establishment of algorithms that predict the factors
required for improving existing conversions or driving
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novel cell conversions.?* These algorithms integrate
data from gene expression and gene regulatory
networks to predict which transcription factors can
generate the cell type of interest. These approaches
have already been used to generate a number of
cell types including vascular endothelial cells and
keratinocytes* as well as improve the generation
of hepatocytes and macrophages.” In each case,
the predictions were purely data-driven and needed
little trial-and-error to optimise the combination
of transcription factors. The only requirements are
gene expression data, of the source and target cell
types, combined with information on how genes are
known to interact.

Taken together, this demonstrates why the future
of stem cell biology will require the adoption of
big data-driven methods. Throughout its 60-year
history, stem-cell therapy has had a number of
significant developments, but none has been
able to facilitate the adoption of a broad set
of cell types. Now with single-cell biology, this
problem is set to become even more pronounced.
New data-driven tools are already revealing a
large number of rare cell types, many of which
possess great therapeutic potential. However, with
our current approaches, it is unlikely we will be
able to maintain them in vitro or create them by
differentiation or transdifferentiation. Subsequently,
we will need to turn to data-driven tools for a
solution and, in doing so, the promise that we have
seen in existing cell therapies will be felt in a much
broader range of indications.
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