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Accurate disease models are essential for understanding disease pathogenesis and
for developing new therapeutics. As stem cells are capable of self-renewal and
differentiation, they are ideally suited both for generating these models and for obtaining
the large quantities of cells required for drug development and transplantation therapies.
Jellyfish collagen is showing great promise as a next generation matrix enabling
improved outcomes in 2D and 3D cell culture and regenerative medicine. Here, we
report the potential of jellyfish collagen for culturing induced pluripotent stem cell derived
cell lines (iPSCs) for modeling human diseases. Jellyfish collagen from Rhizostoma
pulmo (Jellagen R©) was evaluated for the growth and viability of iPSC-derived microglial-
like cells (iMGL) comparing to cells cultured on rat tail collagen 1, laminin-511 and tissue
culture plastic. Viability was measured using MTT, XTT, Alamar Blue and Annexin V,
since this last assay has the aim of evaluating the onset of apoptosis. Cell ramification
was measured using Neurotracker software and ramification measured on the InCucyte
S3TM. Cell surface receptor expression was quantified using flow cytometry. Microglia
markers used for immunocytochemistry were IBA1, CD11b, TREM2, TMEM119, and
P2RY12. We report that iPSC-derived microglia can be successfully cultured on
Jellagen R© jellyfish collagen demonstrating a more ramified cell morphology compared
to cells cultured on mammalian rat tail collagen I and comparable to Laminin-511.

Keywords: jellyfish, collagen, laminin, iPSC, microglia, cell culture, stem cells

INTRODUCTION

Microglia are the innate immune cells of the Central Nervous System (CNS) and play important
roles in synaptic plasticity, immune activity, neurogenesis and homeostasis. Microglia are known
to be involved in neurological disorders such as Alzheimer’s Disease (AD), yet the study of
microglia is proving challenging due to the technical and ethical hurdles of obtaining primary
cells from human fetal or adult CNS tissue (Abud et al., 2017). This is leading to a growing
requirement to develop alternative sources of human microglia models, such as those derived from

Abbreviations: IBA1, Ionized calcium binding adaptor molecule 1; iMGL, human iPSC-derived Microglia; INFy, Interferon
gamma; JFC, jellyfish collagen; LPS, lipopolysaccharide; P2RY12, Purinergic receptor P2RY12; RTC, rat tail collagen;
TMEM119, Transmembrane Protein 119; TREM2, Triggering receptor expressed on myeloid cells 2.
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induced pluripotent stem cells (iPSCs) (Ryan et al., 2017).
Lineage tracing studies have shown that microglia originate
from yolk sac erythromyeloid progenitors (EMP) generated
during primitive hematopoiesis (Ginhoux et al., 2010; Kierdorf
et al., 2013; Prinz and Priller, 2014). EMPs further differentiate
into primitive macrophages that migrate into the developing
neural tube to become microglial progenitors (Dong et al.,
2019). These microglial progenitors mature and develop into
tissue resident microglia where they develop ramified processes
enabling them to sense and survey their environment, facilitate
CNS development, respond to CNS injury and pathology.
Generation of microglia from iPSC is complex partly due to their
unique developmental origin, however, recent advances have
enabled the robust generation of microglia in large numbers, a
development essential for the use of these cells in drug discovery
(Leitinger and Hohenester, 2007; Figuera-Losadaab et al., 2017).
It is therefore essential to understand and test matrices on which
cells are regularly cultured to be able to develop robust in vitro
cell culture systems.

Collagen is considered to be a good material for the culture
and proliferation of cells (Sorushanova et al., 2019). It is the most
ubiquitous protein in the mammalian proteome, comprising up
to 30% of all proteins. Collagen can stimulate cell attachment and
intracellular communication between some cell types (Greegburg
et al., 1981; Lee et al., 2001), making it an ideal cell culture
research tool. Collagen forms a large part of the extracellular
matrix and connective tissue, offering strength and flexibility
to tissues in the body. Besides its role in mechanical strength,
collagen functions as a signaling molecule, regulating cellular
migration (Bosnakovski et al., 2006), differentiation (Pozzi et al.,
1998) and proliferation (Farndale et al., 2004) and functions in
haemostasis (Silvipriya et al., 2015).

Collagen for cell culture is generally derived from rat tail
or from bovine sources. However, during the last 20 years,
safety concerns of using collagens derived from mammalian
sources is increasing due to perceived risks associated with bovine
spongiform encephalopathy (BSE) and viral disease transfer
(Browne et al., 2013). This is driving the search for safer
alternatives including the production of recombinant collagens
in different host models such as bacteria, mouse milk, plants
and yeast (Yang et al., 2004). This is not the case with
invertebrate collagens which have been shown to share the
same characteristics to human collagen leading to new industrial
prospects that avoids the use of mammalian tissues and takes
into account the sustainable management of natural wastes and
ecological problems (Addad et al., 2011).

Jellyfish collagen is an emerging alternative to the provision
of collagen for routine cell culture and medical device
research (Silva et al., 2014). Jellyfish are often referred to as
gelatinous zooplankton made up of collagen rich mesogloea
that evolved over 600 m years ago. This makes JFC an
interesting molecule for cell culture study. Previous reports
have demonstrated the potential of JFC for the culture
of human cells in vitro (Song et al., 2006; Addad et al.,
2011; Paradiso et al., 2019). Jellyfish collagen when compared
against mammalian fibrillar collagen in cell cytotoxicity and
cell adhesion assays, showed no statistical difference in

cytotoxicity. Human cell adhesion to jellyfish collagen also
confirmed that their biological effect on human cells are
compatible to that of mammalian type I and type II collagens
(Hoyer et al., 2014).

Further studies supporting the potential of jellyfish collagen’s
biocompatibility have been conducted that included cytotoxicity
tests, measurements of pro-inflammatory cytokine secretion,
antibody secretion as well as the population change of immune
cells after in vivo implantation (Song et al., 2006). In their study,
Song and colleagues found that the number of dendritic cells
(CD11c+) and macrophages (F4/80+) were similar in jellyfish
collagen implanted into mice as to those of bovine- and gelatin-
implanted mice. Hence, they concluded that the jellyfish collagen
scaffolds were able to induce a comparable immune response to
that caused by bovine collagen or gelatin (Song et al., 2006).

Given the bioavailability of jellyfish collagen and its biological
properties, this marine material represents a good candidate for
replacing rat tail and bovine or human collagens in selected
cell culture applications. Studies have also demonstrated that
jellyfish collagen also presents a comparable biological impact
on human cells to mammalian type I collagen tested by
cytotoxicity and adhesion assays (Pugliano et al., 2017). Further
investigations on the mechanisms of cell interaction indicates
that both integrins and heparan-sulfate receptors of human cells
are able to recognize jellyfish collagen (Pustlauk et al., 2015).
Moreover, cells were able to form focal adhesions similar to
that observed on mammalian collagens, when they plated on
jellyfish collagen.

In this study, we report the comparison of Jellagen R© a jellyfish
collagen derived from R. pulmo (JC) with other materials to
assess their impact on the culture iMGL. Our aim was to
assess the suitability of JC as a robust alternative matrix for
iMGL cell culture survival and conservation of phenotype and
function in comparison with iMGL cells cultured on rat tail
vertebrate collagen type I (RTC), tissue culture treated plastic
and Laminin-511.

MATERIALS AND METHODS

Jellyfish Collagen
Acid soluble jellyfish collagen (Jellagen R© BT10-01-34-
46) was manufactured by Jellagen Limited using internal
manufacturing processes.

iPSC-Derived Microglia Differentiation
Differentiation of the “healthy” iPSC line UKBi005-A to
macrophage progenitor cells was initiated by mesoderm
induction created on a protocol that is based on previously
described methods (Abud et al., 2017). Briefly, hemangioblasts
were formed and cultured in macrophage media then
macrophage progenitor cells were released into the media
after 10–14 days. Macrophage progenitors were assessed for
the markers CD14 (ImmunoTools Cat. No. 21279143), CD16
(ImmunoTools Cat. No. 21279166) and CD11b (ImmunoTools
Cat. No. 21279113) using flow cytometry (Millipore Guava) with
a pass threshold of > 90% expression of these marker required to
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FIGURE 1 | iMGL were cultured on different coating concentrations of Jellagen R©. jellyfish collagen (JC), rat tail collagen I (RTC) (1–100 µg/mL), Laminin or Plastic
Control (TC plastic) for up to 72 h and morphology observed by phase-contrast imaging at 72 h culture. Scale bar = 50 µm. Images taken at x10 magnification.

FIGURE 2 | XTT, MTT, and Alamar Blue cell viability results for microglia cultured in different concentrations of JC, RTC, laminin or plastic for 24 h, 48 h or 72 h. All
data are normalised to plastic control which is set to 100% metabolic activity. Data represent mean of 3 technical repeats ± SEM.
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FIGURE 3 | Quantification of Annexin V and 7-AAD staining of microglia following culture on JC, RTC, laminin, or plastic for 24, 48, or 72 h. A positive control of cell
death was included by incubating cells with 10 µM Staurosporine for 2 h prior to staining. Data shown are the mean of 3 technical repeats ± SEM.

pass quality control. These cells were then matured to iMGL over
a period of 7 days in microglia maturation media according to
internal protocols of Censo Biotechnologies Ltd.

Coating Methods
Jellyfish collagen (Jellagen R© BT10-01-34-46) and rat tail collagen
(Cat. no. 3867, lot: SLBS8676, Sigma) were diluted using tissue
culture grade water to 100, 50, 10, 5, and 1 µg/mL and used
to coat 96-well plates following manufacturers specifications.
Controls used were PDL/laminin (Sigma L2020; 10 µg/mL) and
uncoated TC plastic. Macrophage progenitor cells were matured
over 7 days to microglia-like cells, which were harvested and
seeded on pre-coated plates at a density of 100,000 cells/cm2, and
cultured for up to 72 h prior to assessing viability, phenotype and
function of the cells.

Cell Viability Assays
MTT Assay: 100 µL of 0.5 mg/mL MTT solution (Sigma M2003),
diluted in basal media, was added to each well and incubated at
37◦C for 4 h. MTT was then removed and 50 µL DMSO added to
each well prior to reading absorbance values at 570 nm.

XTT Assay: 1 mg/mL of XTT solution was combined with
phenazine methosulfate (PMS – 200 µg/mL) by adding 40 µL
of PMS per 1 mL of XTT. Once combined, 50 µL was added
to each well of cells without removing the media and incubated
at 37◦C for 1 h. Absorbance was read at 450 nm. PMS acts as
an intermediate electron carrier which helps reduction of XTT
and allows for a more sensitive assay. This assay measures cell
metabolic activity similar to MTT.

Alamar Blue: Alamar blue was added to each well at 10% of
the volume of media in each well (e.g., 10 µL of alarm blue added
to 90 µL of media) and incubated at 37◦C for 4 h. Absorbance
was recorded at 570 and 600 nm, where the value at 600 nm was
subtracted from 570 nm. Alamar blue is a reazurin dye which is
irreversibly reduced to pink resorufin by live cells.

Annexin V/7AAD
Annexin V and 7-AAD were added to PBS (5 µL of each/100
µL PBS) with DAPI. Media was removed from cells and 50
µL of Annexin V/7-AAD/DAPI solution added per well prior
to incubating at room temperature (RT) in the dark for 10
min and then washing in PBS. Staining was quantified using a
ThermoFisher ArrayScanTM and data recorded as percentage of
cells positive for Annexin V, 7-AAD or double positive. As a
positive control of cell death, 10 µM staurosporine was added to
positive control wells 2 h prior to performing assay.

Cell Characterization
A concentration of 10 µg/mL for both JFC and rat tail collagen
(RTC) was selected to further evaluate cells. Control substrate
used throughout the project were Laminin (10 µg/mL) and
tissue culture (TC) plastic. Microglia were matured for 7 days,
then re-plated on JFC, RTC, laminin or TC plastic for 48 h
and cells characterized based on morphology and cell surface
receptor expression using imaging and flow cytometry. Cytokine
production was measured to establish whether iMGL were
activated by any of the substrates tested. Morphology of iMGL
was assessed using the InCucyte S3TM with images captured
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FIGURE 4 | Staining of microglia using annexin V and 7-AAD as markers of apoptosis following culture of microglia on JC, RTC, laminin, or plastic for 24 h.
A positive control of cell death was included by incubating cells with 10 µM Staurosporine for 2 h prior to staining. Blue: DAPI, Green.

every hour for 24 h. iMGL ramification of cells cultured in
each condition was quantified using the InCucyte S3TM neurite
tracking module.

Immunocytochemistry
Immunocytochemistry was used to label specific proteins and
images taken using the ThermoFisher ArrayScanTM. Microglia
markers used were IBA1, CD11b, TREM2, TMEM119 and
P2RY12. Cells were fixed in 4% PFA for 20 min, washed
in PBS and incubated with appropriate antibodies and DAPI
prior to imaging.

Flow Cytometry
Cell surface receptor expression was quantified using flow
cytometry (Millipore Guava) on live cells. Cells were blocked
in flow buffer (1% FBS + 10 µg/mL human serum IgG)
prior to staining for relevant antibodies for 1 h (CD14, CD16,
CD11b, HLA-DR, and CD206). Samples were washed and
evaluated using a Millipore Guava easyCyte flow cytometer,
and 5000 events measured per sample. Cell population was
gated to exclude debris and isotype controls used to gate
a positive population. Thresholds were set where isotypes
showed < 5% positive staining. All data is shown as percent
positive expression.

ELISA
For evaluation of cytokine output, cells were cultured on the
different matrices for 48 h, microglia were then stimulated with
lipopolysaccharide (LPS 100 ng/mL) or INFY (10 ng/mL) for a
further 24 h prior to collecting supernatants to be used in ELISA
(IL-6 and TNFα – R&D kit).

Statistical Tests
No statistical tests were performed as the data is generated from
one repeat with several technical repeats and would therefore not
be suitable to perform stats on.

RESULTS AND DISCUSSION

The Effect of Cell Culture Matrices on
the Viability and Morphology of iMGL
The aim of this study was to investigate if jellyfish collagen
could act as a potential alternative to the routine use of existing
cell culture matrices for the improved culture of iPSC derived
microglia. Cell viability was assessed by performing MTT, XTT,
and Alamar Blue assays and an apoptosis assay (Annexin V).

In all cases, data showed that jellyfish collagen (JC) had no
effect on cell viability or apoptosis of iMGL when compared
to laminin or TC plastic controls (see Figures 1–4). Rat tail
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FIGURE 5 | Measure of cell ramification using neurite length software on the Incucyte. Cells were cultured in Jellagen (JFC: 10 µg/mL), Rat tail collagen (RTC 10
µg/mL), laminin or plastic (uncoated) and (A) imaged every hour for 24 h with neurite length quantified. (B) Neurite length quantification after 24 h in culture. Data
represent mean ± SEM.

collagen (RTC) appeared to decrease cell viability (and showed
an increase in Annexin V cell surface expression as well as
a decrease in mitochondrial metabolism (MTT) suggesting a
decrease in cell viability on this substrate compared to others
tested. Viability of cells was confirmed visually by capturing
stained images under phase contrast (Figure 1), as well as by
quantifying ramification of iMGL using the InCucyte S3TM an
indicator of robust microglial morphology (Figure 5). Solid
evidence from diverse cell culture studies have shown the
potential of jellyfish collagen to successfully culture a wide
range of human cell types (Paradiso et al., 2019). In this

study, we have successfully demonstrated that jellyfish collagen
can also be used as a substrate for the culture of human
iPSC-derived Microglia (iMGL) that when cultured, display
the morphological, surface marker expression and functional
characteristics expected from microglia.

The present study demonstrates that iMGL could be
successfully cultured on all concentrations of jellyfish collagen
assessed in this study with no loss of cell viability other than
homeostatic turnover. Experiments evaluated the viability of
iPSC-derived microglia following culture on jellyfish collagen
(JC) or rat tail collagen (RTC) compared to controls Laminin-511
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TABLE 1 | Cell surface protein expression. iMGL where cultured on Jellagen R©

(JFC), rat tail collagen I (RTC), Laminin and TC plastic for 48 h and receptor
expression was quantified using flow cytometry.

Jellagen
JC (%)

Rat tail
collagen

(%)

Laminin
(%)

TC plastic
(%)

CD14 97.72 98.73 98.38 98.06

CD16 100.00 99.98 100.00 100.00

CD11b 97.18 97.32 95.74 97.22

HLA-DR 92.42 95.58 89.10 93.95

CD206 95.68 97.45 93.01 96.88

or tissue culture plastic for up to 72 h. iMGL cultured on all
concentrations of JFC appeared elongated and with a ramified
morphology, consistent with standard culture of these cells
and similar to cells cultured on laminin or TC plastic. In
contrast, microglia cultured on RTC appeared rounded and cells
formed clumps as seen in Figure 1. Clumping is not commonly
observed in these cells, indicating a change in cell phenotype,
activation, function and/or cell health (Cunningham et al., 2013;
Tay et al., 2018).

Based on data from dose response experiments, the
concentration of 10 µg/mL of both JC and RTC was selected
to further to characterize iMGL phenotype and function.
Cell morphology was assessed using the neurite tracking
module on the InCucyte S3TM as a measure of cell ramification
(Figure 5). iMGL cultured on JFC had a time dependent
increase in ramification over 24 h, which was better than
cells cultured on Laminin-511 or TC plastic. Cells cultured

on RTC had much less ramification compared to other
conditions assessed and remained rounded, consistent with
that observed in images acquired by phase contrast as seen in
Figure 1.

Ramification is an important characteristic as during human
development, the differentiation of ameboid microglia (brain
macrophages) into ramified microglia is marked by a loss of
macrophage-like properties and the extension of thin cytoplasmic
extracellular matrix proteins (Chamak and Mallat, 1991; Pan
et al., 2017). One key interest in the study of microglia is in
neuroinflammation, and it is thus imperative that when cells are
cultured in vitro they are not activated as this could interfere with
additional studies.

The Effect of Cell Culture Matrices on
iMGL Cell Surface Receptor Expression
To further characterize iMGL phenotype, immunocytochemistry
was performed after 48 h culture on the difference substrates.
Cells were stained for the microglia markers, IBA1, TREM2,
TMEM119, P2RY12, and CD11b.

Cell surface receptor expression was quantified using flow
cytometry (Millipore Guava) on live cells. Cells were blocked
in flow buffer (1% FBS + 10 µg/mL human serum IgG)
prior to staining for relevant antibodies for 1 h (CD14, CD16,
CD11b, HLA-DR, and CD206). Samples were washed and
evaluated using a Millipore Guava easyCyte flow cytometer,
and 5000 events measured per sample. Cell population was
gated to exclude debris and isotype controls used to gate
a positive population. Thresholds were set where isotypes
showed < 5% positive staining. All data is shown as percent

FIGURE 6 | Analysis of cell surface receptors using flow cytometry cultured on Jellyfish collagen (JC), rat tail collagen (RTC), laminin (Lam) and tissue culture plastic
(Plas). Microglia cultured on 10 µg/mL JC or RTC or controls for 48 h prior to staining. Yellow: Unstained control, Red: cell surface marker.
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FIGURE 7 | Immunocytochemistry staining of typical microglia markers of iMGL cultured on Jellagen R© (JFC), rat tail collagen I (RTC), laminin or TC plastic. Blue:
DAPI, red/green: stain of interest. Scale bar = 50 µm.

positive expression data summarized on Table 1 but actual
graphs not shown.

Culture of iMGL on the different matrices did not drive
any changes in cell surface expression of CD14, CD16, CD11b,

HLA-DR, or CD206 which were all comparable to cells culture
on plastic or laminin (Figure 6 and Table 1). All markers stained
positively on the cells, regardless of the matrix they were cultured
on (Figure 7).
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FIGURE 8 | Cytokine output by iMGL at baseline and following 24 h stimulation. iMGL were cultured on Jellagen R© (JC), rat tail collagen I (RTC), laminin or TC plastic
for 48 h prior to stimulation with LPS (100 ng/mL) or INFY (10 ng/mL) for a further 24 h. Cell supernatants were collected and ELISA performed. Data represent
mean ± SEM of 6 technical repeats.

Effects of Cell Culture Matrices on TNFα

and IL-6 Quantification
In order to investigate whether iMGL became activated
when cultured on jellyfish collagen (JFC) or RTC, an ELISA
was performed to measure cytokine output of IL-6 and
TNFα both of which are pro-inflammatory cytokines. Data
showed that culture of iMGL on JFC or RTC did not
drive increased release of either cytokine at baseline or
when stimulated with LPS or INFy compared to controls
(Figure 8). Lipopolysaccharide (LPS) and INFY were used
to stimulate a pro-inflammatory response form iMGL and
cytokine production was measured by ELISA. There were
no differences in the levels of TNFα or IL-6 produced
by iMGL cultured on the different matrices at baseline or
following stimulation.

Overall, while microglia can be cultured on plastic, not all cell
types can be. As we move toward ever more complex systems of
co- and tri-cultures which will be a focus for the development
of organoids, it will be important to culture all cell types on one
extracellular matrix. Showing that each cell type can grow well on
Jellagen R© is therefore crucial, as well as showing that the matrix
does not cause any activation or cell death of the cells.

In conclusion, we have shown in this study that the jellyfish
collagen can be used as a cell matrix for the culture of human
iPSC-derived Microglia (iMGL) that display the morphological,
surface marker expression and functional characteristics expected
from microglia. Jellyfish collagen presents comparable biological
impact on human cells to Laminin and in this case was found
to be superior to rat tail mammalian type I collagen (RTC)
tested by adhesion, cell viability and immunocytochemistry
assays. These results may suggest that jellyfish collagen derived
from R. pulmo (Jellagen R©) offers a potentially inert/non-reactive
biomaterial since iMGL cultured on Jellagen did not cause
an increase in cytokines and also did not cause cell death
(based on several assays and also morphology). Therefore,
this matrix shows promise, as the cells are not activated and
also doesn’t cause cell death. In contrast, while RTC also

did not cause an increase in cytokine release, cells cultured
on RTC were observed to produce significant clumping and
cell death, so even though the cells are not activated these
cells are not healthy on this matrix. The results of this
study show clearly that jellyfish collagen offers researchers
a biologically compatible and superior alternative to the
use of mammalian collagen and other extracellular matrices
such as laminin in iMGL cell culture. This data suggests
that iMGL did not recognize jellyfish collagen as a foreign
substance, however, more tests will be needed to confirm
that to be the case.
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