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Abstract

As an intermediary between cells and scaffolding biomaterials, the extracellular matrix secreted by
the cells offers challenges and opportunities for the design and fabrication of engineered tissues.

Relying on advances in materials science, stem cell biology and bioengineering, engineered
tissues are increasingly being considered in a range of fundamental, translational and clinical
applications. Engineered tissues can be used for the exploration of fundamental mechanisms
in health and disease, as in vitro tissue models for drug screening, and as replacements of
tissues damaged by trauma or disease. Building a tissue often requires a material that can
mimic the native extracellular matrix (ECM), which provides physical support to the cells
and directs a myriad of cellular activities. Hydrogels — a versatile class of biomaterials
formed from water-swollen polymer networks — are often used as mimics of the ECM
because they can be synthesized to provide precise control over physical properties such as
stiffness, and chemically modified to present biologically active peptides. As with the native
ECM, the physical and biological properties of hydrogels can be tuned to regulate cellular
behaviours. Hydrogels have thus been widely exploited to direct stem cell differentiation and
tissue formation, and as material systems to create tissue and tissue models of disease?:3

However, cells encapsulated within hydrogels can quickly remodel their surroundings by
assembling secreted proteins around themselves*-5. Although it has long been known that
cells secrete proteins pericellularly, it is now clear that local cell-mediated modifications can
quickly override the physical and biological cues presented by the hydrogel. This partly
explains why cell responses to physical cues on surfaces can differ from those in three
dimensions: not only because cell morphology is likely to differ, but also because of the
local assembly of secreted ECM proteins. Moreover, because material properties in three
dimensions can impact the retention and distribution of the secreted ECM, these findings
may provide insight into why strategies for modulating the properties of hydrogels to create
tissues in vitro have not been entirely successful. The secreted matrix drives cellular
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behaviours (such as stem cell differentiation), and thus should be considered when using
biomaterials to form engineered tissues.

In this Comment, we discuss how the fact that the secreted ECM can override cues provided
by biomaterial scaffolds impacts the engineering of tissues. The secreted matrix is an
intermediary between cells and biomaterials, and so we therefore provide examples of how it
can be exploited to direct cell responses. We then present strategies for harnessing the
secreted ECM, through the creation of materials that prompt cells to secrete an ‘instructive’
local matrix, and by enriching the cells’ pericellular environment with a desired ECM. We
also discuss how to leverage the secreted matrix to create engineered tissues that can be used
both therapeutically and as tissue models or disease models.

Cell-mediated matrix remodelling

The ECM is a complex network of proteins and polysaccharides that surrounds cells in
tissues. Although once dismissed as a simple passive support for cells, the ECM is now
recognized as a transducer of physical signals and as an important regulator of cellular
activities, such as proliferation, quiescence, migration and differentiation”. For example,
matrix stiffness regulates cancer-cell migration and metastasis®, and adhesive binding
sequences within ECM proteins allow cells to directly attach to the ECM and to physically
manipulate it. Moreover, large sugar-containing molecules that permeate the ECM act as
‘docking stations’ for cell-signalling molecules such as growth factors and matrix fragments,
which can be released back to the cells to regulate their activities.

The intrinsic bioactivity of the ECM has been harnessed by extracting native polymers from
animal tissues and cell cultures. However, despite the important biological insights gained
by using such naturally derived matrices (which typically consist of either collagen, fibrin or
tumour-basement membrane), their utility is often limited, mostly because uncoupling
physical properties (such as stiffness) from biological properties (such as ligand density) is
often not possible®. Moreover, native matrices often contain undefined growth factors and
extracellular vesicles!0, which can influence cellular behaviours and preclude translational
use. In contrast, synthetic materials can mimic the native ECM and be physicochemically
defined, and their properties can be tailored to produce a cell-instructive environment. For
example, by incorporating degradability into hydrogels, the stemness of neural progenitors
can be maintained!. Similarly, the lineage commitment of mesenchymal stromal cells
(MSCs) can be regulated by tuning the hydrogel’s stress relaxation!? and by modulating the
stiffness of ionically crosslinked networks!3 or the degradability of covalently crosslinked
networks4. Also, the contribution of biophysical properties to neural tube!2 and epithelial
morphogenesist4, as well as conditions that permit the maintenance of mousel® and human
intestinal organoids1®, have all been clarified via the use of synthetic hydrogels.

The basic premise underlying the use of hydrogels as mimics of the ECM centres around the
tuning of their biological and physical properties, with the expectation that encapsulated
cells will then respond in a predictable manner. However, cells are not merely passive
sensors of physical and biological signals. Instead, many cell types actively modify their
local environment in processes that are central to tissue development, homeostasis and
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repairl’. Such cell-mediated ECM remodelling is driven by two complementary
mechanisms: matrix production, and matrix degradation. Together, they dynamically
modulate the cells’ milieu. This interplay between cells and their ECM, which was first
described by Mina Bissell (who coined the term ‘dynamic reciprocity’18 to describe how
cells continually modulate their surroundings biochemically and mechanically) in turn
regulates signalling cascades, gene expression, and thus cell behaviour. Bi-directional
interactions between cells and ECM are ubiquitous across many tissues (such as the skin,
where the ECM of the epidermal stem cell niche is continually regulated by its constituent
cells!®; and the breast, where mammary epithelial cells modify their ECM, which in turn
regulates tissue-specific functions such as milk production?®). However, the dynamic
interplay between matrix secretion and degradation, and how it impacts interactions between
cells and their surroundings, has often been neglected. That is, although degradation (and
degradation-like behaviour) is often designed into cell-instructive materials by making them
sensitive to proteolytic enzymes, by rendering them responsive to physical stimuli such as
light, or by making them reliant on supramolecular interactions that cells can
manipulate?1-23 matrix secretion has remained relatively unexplored. Indeed, although the
pericellular space can impact fate specification?4, the regulatory influence of the secreted
matrix itself has largely been overlooked.

However, this is now changing. It has been recently shown that, when encapsulated within
hydrogels, human bone-marrow-derived MSCs (hMSCs) quickly modify their surroundings
by secreting and assembling proteins around themselves*-® (Fig. 1). The cell-derived matrix
alters both the biochemical composition and local mechanical environment of the cells. As
cells secrete more ECM, the cell-derived matrix modulates cellular mechanotransduction
and impacts the specification of cellular fate. In other words, the secreted matrix does not
simply provide additional instructions to the cell; rather, it masks and overrides the
biological and physical cues provided by the hydrogel. Hence, both the composition of a
tissue scaffold and the instructions that cells receive from it changes over time.

The secreted matrix can be detected around cells as soon as 4 hours after encapsulation®5.
Although cells quickly engage with the secreted matrix (blocking integrin-mediated
interactions with soluble peptides results in reduced cell viability?), the secreted matrix does
not make integrin-mediated interactions with the hydrogel entirely dispensable, as hMSCs
within inert hydrogels lacking adhesive motifs show reduced viability2>. Instead, cells
appear to simultaneously interact with their own secreted matrix and with the hydrogel. This
is supported by observations that hMSCs within hydrogels containing adhesive motifs yet
depleted of fibronectin show reduced cell spreading®. Therefore, as the quantity of secreted
matrix increases over time, there seems to be a transition during which the secreted ECM
increasingly displaces the cells’ initial interactions with the hydrogel. It is however unclear
how strongly the initial interactions with the hydrogel regulate cell responses, and how long
they last. In particular, it is unknown to what extent initial hydrogel interactions govern the
composition, distribution and quantity of the secreted matrix, and how long cell-hydrogel
interactions dominate before interactions with the secreted matrix take over. Understanding
this interplay will have important implications for the design of regenerative scaffolds,
because they may reveal a time window during which materials can most effectively be
employed to direct a desired cellular behaviour. Mechanistic experiments in which adhesive
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motifs can be presented or removed from hydrogels with precise temporal control are
needed to reveal the minimum time frame required for ensuring cell survival and to identify
the time window in which a biomaterial can direct cellular responses.

Harnessing the cell-secreted ECM

Although the regulatory roles of the secreted ECM remain to be thoroughly understood,
promising strategies to harness them are within reach. It has long been known that soluble
factors and tissue-derived ECM impact the composition and quantity of the secreted ECM
(ref. 26). For example, ascorbic acid as an essential co-factor for a number of hydroxylases
can stimulate fibroblasts to form of a collagen-rich ECM (ref. 27). However, relying on
matrix secretion alone to engineer a tissue is often insufficient. Instead, the local
microenvironment can be tailored to prompt the cells to produce an instructive ECM or to
preclude matrix secretion that prompts a deleterious or pathophysiological response.
Alternatively, instead of instructing cells to secrete a specific matrix, desired secreted
proteins can be enriched pericellularly, or harnessed to modulate cellular
mechanotransduction. In what follows and in Fig. 2, we outline a few of these strategies.

Tuning biological ligands

Synthetic biomaterials can be functionalized with peptides or proteins to render the materials
suitable for growing cells. However, if cells secrete matrix around themselves, is the
incorporation of biological ligands at all required? In completely inert hydrogels such as
those formed from poly(ethylene glycol) (PEG), many cell types may undergo anoikis in the
absence of adhesive motifs. However, for highly secretory cells, adhesive ligands may not be
necessary. For example, although intestinal organoids formed from human induced
pluripotent stem cells (hiPSC) were first derived in Matrigel? and can be maintained within
synthetic hydrogels containing adhesive peptides®, unmodified alginate can similarly
support the organoids’ maintenance2. This observation has been attributed to the fact that
iPSC-derived organoids contain vimentin-positive mesenchymal cells?8 that surround the
epithelium and that are likely to secrete a supportive ECM (ref. 39). Hence, in this case the
simplest approach of merely allowing the cells to create their own instructive matrix seems
sufficient to support viability.

However, when biological ligands are necessary, they can be exploited to direct the
composition or quantity of the secreted ECM. For example, by functionalizing materials
with signalling proteins such as transforming growth factor-g (TGFp), it may be possible to
direct MSC specification towards a differentiating and secretory phenotype (or, by using
fibroblast growth factor-2, towards a quiescent and non-secretory phenotype). Moreover,
biological ligands such as Jaggedl, which prompts MSCs to create a basement-membrane-
like matrix8, could be immobilized within biomaterials. Such ligands could also be tethered
in precise spatial arrangements by combining photopatterning with sortase-based protein-
modification strategies3!, and released on-demand in response to matrix
metalloproteinases32 or by using light as a stimulus?l. However, because tethered ligands
may only impact cells for a short period of time, exploiting such strategies will likely require
an understanding of how the pericellular matrix evolves and interacts with the cells.

Nat Biomed Eng. Author manuscript; available in PMC 2020 October 01.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Blache et al. Page 5

The ECM impacts cellular behaviours directly via interactions with cellular receptors;
however, it also acts as a storage reservoir for secreted signalling proteins that can be
released on-demand. Therefore, biomaterials can also be used to prompt cells to secrete
ECM that sequesters specific secreted signalling proteins. For example, culturing MSCs on a
self-secreted matrix helps to maintain their multipotency, because the matrix binds bone
morphogenetic protein-2, a growth factor that they themselves secrete and which would
otherwise promote differentiation33. Similarly, many cells secrete TGFB1, which can drive
fibrosis under pathological conditions. However, the proteoglycan decorin binds TGFp1,
rendering it inactive34. Therefore, creating a tissue scaffold that prompts cells to secrete
particular ECM proteins that sequester signalling proteins may be a powerful strategy to
either direct a desired response, such as stem cell maintenance, or to preclude a deleterious
response such as fibrosis.

Local-capture-and-enrichment systems

An alternative to directing the production of specific ECM is to design materials that capture
and maintain an instructive ECM pericellularly, where it can signal back to the cells.
Peptides that bind fibronectin, laminin and collagen type I have been incorporated into PEG-
based hydrogels3. When MSCs are encapsulated within them, these hydrogels capture these
ECM proteins specifically in their pericellular space. Such peptide-based protein-capture
approaches could be applied to harness the signalling specificity of the secreted ECM with
chemistries that allow for on-demand and spatially resolved control. For example, peptide-
modified hydrogels have been designed to contain a photolabile caging group on an amino
acid that can be removed on exposure to light35, rendering the peptide active. Such
chemistries could be used to capture specific secreted proteins, and to do so on-demand and
with precise spatial patterns within 3D tissue constructs. Alternative strategies that can
similarly capture secreted proteins specifically and locally include aptamer-based traps
created from single-stranded oligonucleotides3” and single-domain antibodies38:39 that
capture almost any target protein. The chemical versatility of these approaches would
similarly allow them to be incorporated into materials with user-controlled chemistries,
essentially providing an array of strategies to locally capture and spatiotemporally control
any secreted protein.

Harnessing local physical cues

Although biological ligands can be harnessed to direct the assembly of specific proteins
pericellularly, physical properties can also be used to modulate the local secreted ECM.
Analyses of encapsulated hMSCs (by using stable isotope labelling by amino acids in cell
culture) show that their secreted proteome is relatively similar, regardless of hydrogel
crosslinking density. This suggests that physical properties of the biomaterial, such as mesh
size, may regulate the pericellular distribution of the secreted ECM by regulating the rate
and distance that secreted matrix diffuses away from a cell, and thus its ability to signal back
to it. Simple physical parameters such as crosslinking density and degradability have long
been known to regulate ECM production and distribution, particularly by chondrocytes0:41.
However, such parameters could also be modulated to selectively regulate the local
distribution of the secreted proteome, allowing ECM proteins maintained pericellularly on
the basis of physical effects such as size to stimulate biological activities. For example, some
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large proteoglycans can have molecular weights of more than 1,000 kDa and would be
captured pericellularly in hydrogels with small mesh sizes that might still allow relatively
large glycoproteins such as fibronectin (440 kDa) and growth factors such as TGFp1 (25
kDa) to diffuse farther away. Charge and other non-covalent interactions could be similarly
harnessed to regulate the distribution and local retention of secreted proteins. For example,
by tuning the functional groups of hydrogels bearing tethered small molecules with varying
charge and hydrophilicity#2, it may be possible to locally enrich for particular types of
matrix proteins (for example, highly charged proteoglycans).

Beyond modulating the composition and distribution of the pericellular matrix, secreted
proteins may regulate stem cell differentiation by mechanisms that exceed the complexity of
their canonical signalling functions. As with degradation, which softens the cells’
surroundings and has long been known to regulate cellular behaviours in 3D, the secreted
matrix can also play a role in stiffening the cells’ pericellular space®, which may similarly
influence fate specification. The secreted matrix can impact the intracellular shuttling of Yap
and Taz (ref. ), which are key co-transcriptional regulators of mechanotransduction in
MSCs (ref. 43). Further studies are required to potentially link pericellular stiffening in
hydrogels to Yap and Taz or to other mechanosensitive pathways. ldentifying such a
mechanism would open the possibility of harnessing the secreted matrix to modulate local
mechanics around cells as an additional strategy to elicit a desired cellular response. An
elegant option for the exploitation of this phenomenon would be the design of biomaterials
with different local and bulk properties by encapsulating single cells in a thin layer of
hydrogel, thus creating single-cell microgels. As microgels allow for the tuning of the local
mechanical properties around individual cells*4, they could be exploited to prompt the
production of a desired ECM locally. Microgels have recently been combined with 3D
printing to uncouple microscopic and macroscopic properties within tissue-engineered
scaffolds®.

Applications of the cell-secreted ECM

Native tissue morphogenesis requires cellular self-organization, which is highly dependent
on bidirectional cell-matrix interactions*6. To facilitate cellular interactions within
hydrogels, recombinant ECM proteins or ECM-derived adhesive peptide sequences can be
incorporated into the biomaterial. However, adhesive peptides such as RGD often do not
elicit cellular responses that are identical to those of the full native protein®’, and even
tethering full recombinant proteins to hydrogels does not always produce the desired cell
responses. Although recombinant proteins provide more native-like binding than minimal
peptides, the interactions can still lack the complexity afforded by native proteins, which
include post-translational modifications and supramolecular organization. Therefore, the
cell-secreted matrix may be crucial for the engineering of tissues, particularly if pericellular
composition and distribution can be modulated. In what follows, we outline examples of
how the secreted matrix can be leveraged to engineer tissues for applications in regenerative
medicine and for modelling tissues and diseases (Fig. 3).
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Regenerative medicine

A variety of culture systems can be used maintain, expand and differentiate the cells
required to create tissues. For example, there are artificial stem cell niches that can maintain
muscle stem cells (satellite cells) ex vivo in their highly potent and quiescent state*S,
However, even optimized engineered muscle fibres cannot fully recapitulate the properties of
the native tissue. Collagen type V, which is secreted by muscle satellite cells in their niche,
regulates their own quiescence*®. Therefore, engineering a muscle fibre using materials that
locally and specifically capture collagen type V could form the basis of an in vitro system
that would allow for the further study of niche regulation in normal human cells, and also
enable the testing of potential therapies in diseased cells, such as those derived from patients
with Duchenne muscular dystrophy. Moreover, such a construct could be implanted
therapeutically to maintain satellite cells in their quiescent state. One could even use
chemistries controlled by light to release the sequestered collagen, thereby stimulating the
cells to differentiate and create new muscle tissue on-demand.

The secreted matrix may similarly be harnessed to create cell-based therapies to treat
diabetes. hiPSCs could be used for diabetes therapy because in principle hiPSCs can be
expanded to provide the billions of cells necessary to regulate blood-glucose levels®?;
however, the efficiency of their differentiation is one factor that currently limits their
therapeutic use. The differentiation of pancreatic progenitor cells into duct cells is known to
be regulated by fibronectin (and by laminin in their differentiation into insulin-producing -
cells)®, A tissue scaffold that selectively binds laminin over fibronectin by using peptide-
based capture or aptamer-based capture could thus promote the formation of insulin-
producing pancreatic islets. This could be combined with anti-fibrotic hydrogels®2 for the
development of iPSC-based therapies that could alleviate the dependence of diabetic patients
on insulin injections.

Humanized tissue models and disease models

There is a pressing need to create in vitro disease models that can outperform small-animal
models, which cannot faithfully recapitulate many human diseases®3. In vitro disease models
should allow for the study of the influence of molecular factors, cell types and
microphysiological stimuli on functional tissue responses, and permit the screening of
potential treatments on patient-derived cells. Also, because ECM remodelling is central to
many human pathologies, tissue models that incorporate the secreted ECM could enable a
better understanding of the role of the matrix in disease.

Cancer cells respond to the physical properties of their environment, and hydrogels can be
used to probe the impact of the environment’s stiffness on the susceptibility of cancer cells
to chemotherapies®*. However, the tumour microenvironment is also regulated by the matrix,
which is secreted by both cancer cells and cancer-associated fibroblasts. Synthetic materials
could be exploited as diagnostic devices for the investigation of how cell-derived ECM
impacts cancer-cell growth and metastasis-like behaviour in the presence of different
chemotherapies. In combination with emerging imaging®® and proteomics-based26:56
techniques for the visualization and determination of the composition of the secreted ECM,
they could be used for therapy development. For example, exosomes from pancreatic cancer
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cells create a fibronectin-rich metastatic niche in the liver®’, and breast-cancer cells express
the glycoprotein Tenascin C to create an appropriate microenvironment for colonization in
the lung®8. Therefore, by creating tissue models that can either present exogenous Tenascin
C or capture secreted Tenascin C, it may be possible to dissect the individual components of
the tumour environment that drive metastasis, and to build a diagnostic device for testing the
efficacy of inhibitory drugs. This strategy has been exploited by creating implantable tumour
microenvironments containing stromal cells that assembled tumour-niche-like matrix and
provided insight into how the local environment impacts the ability of disseminated prostate
cancer cells to form metastases®®.

Similarly, tissue models engineered from materials that modulate the secreted matrix could
be used to study fibrosis. For example, in liver fibrosis and lung fibrosis pathological matrix
secretion stiffens the local environment and signals back to the cells in a pernicious positive
feedback loop89-61, Fibrosis could be inhibited by implantable materials that enrich the
pericellular space for proteins that can preclude the local accumulation of proteins involved
in fibrosis. For example, matrix metalloproteinase-2 (MMP-2) drives fibrosis by
compromising the basement membrane and thus prompting cells to undergo an epithelial-to-
mesenchymal transition. However, the laminin p1-chain can attenuate the expression of
MMP-2. Tethering laminin B1 to an electrospun biomaterial can prevent peritoneal fibrosis
in mice®2. However, as laminin B1 is ubiquitous in the body and constantly being turned
over, a material that could specifically capture the laminin p1-fragment might suppress the
formation of fibrotic tissue around an implant. It could also be incorporated into injectable
materials to discourage fibrosis, particularly in wound-healing applications.

The understanding of the regulatory impacts of secreted ECM presents exciting
opportunities and challenges for the engineering of tissues. The premises that hydrogels
provide unidirectional signals to direct cellular behaviours and that tailored material cues
alone can provide persistent instructions to cells are understood to be invalid. Instead, the
secreted matrix is dynamically instructive?4. This is particularly challenging for translational
applications, where uncontrolled cellular responses to ill-defined cues might prove
deleterious. Moreover, the secreted matrix may not simply override material cues, but also
drive aberrant cellular behaviours, limit diffusion to and from the cells, and even preclude
cell—cell interactions. To address these challenges, a thorough mechanistic understanding of
how the secreted ECM regulates cell responses, and to what degree this can be manipulated
in engineered tissues, is needed. At present, it is still unclear to what extent cell responses
are driven by adhesive interactions with their own secreted matrix, whether specific
signalling molecules maintained locally play a role, and if alterations in
mechanotransduction by the secreted matrix regulate cellular behaviours. Protein-
labelling®® and proteomics*63 techniques are available to visualize and identify the
composition of the secreted matrix in 3D hydrogels. Used in situ, the omics-based
identification of the secreted matrix and time-resolved imaging have the potential to foster a
step change in understanding of the spatiotemporal formation and impact of the secreted
ECM on cells. A clear picture of the dynamic changes at the cell/material interface is also
needed to guide materials-based strategies for tissue engineering. All observations to date
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are limited to hMSCs cultured in a handful of hydrogel materials, so it will be vital and
exciting to learn how secreted ECM influences other cell types, particularly hiPSC, which
are a promising cell source for regenerative medicine. The roles of the more limited matrix
secretion by epithelial cells, which often exist as single cell layers (and thus more akin to 2D
culture), are completely unknown. Furthermore, almost all work thus far has focused on the
proteinaceous components of the ECM. However, the ECM is also rich in signalling
proteins, such as growth factors, and sugars (in particular, proteoglycans), which are also
captured pericellularly®3 and may be even more potent regulators of cell responses.

A
cr

nswering these questions will widen opportunities for harnessing the secreted ECM to
eate the next generation of engineered tissues.
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Fig. 1. Biomaterialsinspired by the extracellular matrix, and cell-mediated matrix remodelling.
The extracellular matrix (ECM) — the physiological material that surrounds cells in tissues

— provides tissues with a three-dimensional physical structure and with bioactive ligands
(such as adhesive motifs and growth factors). ECM-mimicking biomaterials can be rendered
cell-instructive by incorporating protein-based or peptide-based motifs that recapitulate key
features of the native ECM. However, cells encapsulated within hydrogels remodel their
surroundings through a combination of matrix secretion and degradation. Over time, the
cell-secreted matrix can override cues provided by the hydrogel. This behaviour parallels the
phenomenon of dynamic reciprocity observed in tissues, by which cells modulate their
surroundings biochemically and mechanically, regulating intracellular signalling, gene
expression, and ultimately cell behaviour.
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Fig. 2. Biomaterial-based strategies for harnessing the secreted ECM.

By tethering biological molecules or by incorporating physical strategies, biomaterials can
be designed to regulate the secreted matrix and, in turn, cellular responses. For example,
ECM-triggering ligands, as well as peptides, aptamers or nanobodies that locally and
specifically capture secreted proteins, can be incorporated into biomaterials to sequester
signalling proteins from the secreted matrix that can then signal back to cells. The physical
properties of scaffold biomaterials can also be modulated to regulate cell responses by using
the scaffold’s mesh size as well as non-covalent interactions to selectively enrich for
particular components of the secreted matrix pericellulary. Moreover, by capturing the
secreted matrix pericellularly, the local microenvironment can be stiffened or softened to
potentially regulate cellular mechanotransduction and thus cellular behaviour.
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Fig. 3. Applications of the cell-secreted matrix.
ECM-instructing materials can be used to engineer tissues for regenerative medicine, tissue

modelling and disease modelling. To create tissues that can be used therapeutically, secreted
collagen type V could be captured locally to regulate the quiescence of satellite cells, and the
differentiation of pancreatic progenitor cells controlled by regulating the local retention of
fibronectin versus laminin. The secreted ECM can also be harnessed to create tissue models
and disease models. Such models may be particularly useful in designing and testing
therapies that disrupt metastasis in situations in which cancer cells secrete ECM to create a
niche that allows them to form tumours in other tissues. Tissue models and disease models
that use patient-derived cells could be used for personalized medicine (for example, to pre-
screen chemotherapies prior to use in patients). iPSCs, induced pluripotent stem cells.
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