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Abstract

Human adipose-derived mesenchymal stem cells
(hADMSCs) transplantation has been widely explored
for restoring post-myocardial infarct heart function,
with limited success. Whereas the multipotent nature
of hADMSC could benefit regeneration, differentiation
into undesired lineages upon transplantation could
detriment the effects. Therefore, controlled in vitro
lineage commitment of hADMSC into cardiac cells,

before transplantation offers a promising strategy
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towards better tissue regeneration. The function of
cardiac tissue may require a coordinated action of
mixed cell types such as cardiomyocyte-like cells
(CMLs), endothelial-like cells (ELCs), and cardiac
(CFLs).
preliminary step for developing autologous cell-based
therapy, this study derived CMLs, CFLs, and ELCs
from hADMSCs of cardiovascular disease (CVD)

patients. Specifically designed fibrin-based niche aided

fibroblast-like cells Therefore, as a

the lineage commitment of hADMSCs into different
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cardiac cells. At least two specific markers of each cell
type, both at mMRNA and protein level, are
demonstrated. The co-culturing of hypoxia-induced
additional ELC with co-developed CML-CFL-ELC
resulted in further upregulation of cardiogenic and
angiogenic markers at the transcriptional level. The
study confirms the advantage of multipotency of
hADMSCs from CVD patients and the designed niche
conditions for obtaining viable mixed population
cardiac benefits in

progenitors for potential

individualized MI regeneration approaches.

Keywords: Myocardial infarction; Cardiomyocyte-
like cells; Human adipose-derived mesenchymal stem
cells; In vitro pre-differentiation; Extracellular matrix;

Autologous cell-based therapy

Abbreviations

DAPI - 4'6-diamidino-2-phenylindole; AcLDL -
Acetylated low-density lipoprotein; ADMSCs -
Adipose derived mesenchymal stem cell/s; ABAM -
Antibiotic-antimycotic; BMP-4 - Bone- morphogenetic
protein-4; BSA - Bovine serum albumin; CFs —
Cardiac fibroblasts; CFLs - Cardiac fibroblast-like
cell/s; CSCs - Cardiac stem cells; CMs -
Cardiomyocyte/s; CMLs - Cardiomyocyte-like cell/s;
CVvDs - cDNA -
Complementary deoxy-ribonucleic acid; ELCs -
Endothelial-like cell/s; EGF - Epidermal growth

Cardiovascular  disease;

factor; ECM - Extracellular matrix; FBS - Fetal bovine
serum; GAPDH - Glyceraldehyde -3-phosphate
dehydrogenase; GFs - Growth factor/s; hADMSCs -
Human adipose derived mesenchymal stem cell/s; HE
- Hypothalamus Induction

protocols/1/2/3; 1C-SCRT - Institutional Committee

extract; IPs -

for Stem Cell research and Therapy; IEC - Institutional
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Ethics Committee; IGF-1 - Insulin-like growth factor-
1; MSCs - Mesenchymal stem cell/s; MI - Myocardial
infarct/infarction; pADMSCs - Patient — specific
adipose derived mesenchymal stem cell/s; PGFs -
Platelet growth factors; PCR - Polymerase chain
reaction; PDGFRa — Platelet derived growth factor
receptor alpha; gRT-PCR - Real-time quantitative
reverse transcriptase polymerase chain reaction; RNA
— Ribonucleic acid; SCT - Sree Chitra Tirunal; SVF -
Stromal vascular fraction; TCPS - Tissue culture
polystyrene; TGF B — transforming growth factor B;
VEGF-165 - Vascular endothelial growth factor- 165.

1. Introduction

Myocardial infarction (MI) is one of the consequences
of CVDs causing morbidity and mortality worldwide
[1]. Post M, the resident cardiac stem cells (CSCs) of
the heart enter into senescence, and the intrinsic
regenerative potential of the heart fails to replace the
damaged myocardium [2]. Assistive devices and
replacement surgeries are ineffective in myocardial
regeneration; therefore, stem cell transplantation seems
interesting [3]. Recent therapeutic interventions have
focused on the transplantation of stem cells harvested
from different tissues [4] for treatment of CVDs by
chemical signaling using growth factors (GFs) and
cytokines, inducing differentiation [5,6]. Though
autologous induced pluripotent stem cell (iPSC) —
based differentiation has been achieved by various
researchers, translation into clinics is limited due to the
high medical cost and prolonged time needed to
reprogram and propagate autologous iPSCs. Moreover,
it is also reported that iPSCs show greater diversity
due to epigenetic memory, genetic background, and
novel features obtained during reprogramming [7]. For

reducing the medical cost, time, and risk of immune
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rejection using autologous transplantation, the most
convenient cells are adipose-derived mesenchymal
stem cells (ADMSCs). Harvesting of adipose tissue
causes minimum discomfort and patient-specific
ADMSCs, (denoted as pADMSCs) with multipotency
may be isolated and expanded with minimal cost,
biocompatible reagents, and time. In the context of
stem cell transplantation for MI regeneration, lack of
integration, and coordination with  electrical
conductivity of neighboring tissue and arrhythmia
have been reported as major challenges [8]. Therefore,
a promising strategy to improve the therapeutic
efficacy of ADMSCs to regenerate and survive in the
infarcted myocardium is pre-differentiation into
required cardiac lineage cell types in vitro. However,
the disease conditions such as hypertension,
hyperglycemia, hyperlipidemia, etc. can affect growth
potential and multi-differentiation potency
(multipotency) of pADMSCs [9]. Therefore, pre-
differentiating pADMSCs into cardiomyocyte-like
cells (CMLs), cardiac fibroblast-like cells (CFLs), and
(ELCs)  for
combination therapy using all cell types seem a

differentiated

endothelial-like  cells developing

challenging  problem.  Growing
cardiomyocytes (CMs) in the culture itself is hard due
to the requirement of a specific niche [10]. For CM
differentiation using stem cells, 5-azacytidine was
used as an inducer [11], with minimum consistency
[12]. Planat — Benard and colleagues have reported the
spontaneous differentiation of mice stromal vascular
fraction (SVF) cells to cardiac-like phenotype upon
culturing them on a semi-solid medium with the
influence of cytokines and growth factors (GFs)
indicating that the chemical cues triggered the
differentiation to cardiac lineage [13]. Subsequently,
several research groups have reported various

strategies to induce cardiomyogenic differentiation of
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mesenchymal stem cells (MSCs) using a combination
of cytokines or GFs with varying success rates [14,15].
Also, the significance of environmental cues from
ECM and the neighboring cells have been shown to
play pivotal roles in guiding the survival and
differentiation of transplanted stem cells in the injured
myocardium [4]. However, no attempt to pre-
differentiate pADMSCs to a mixed population of vital
cell types present in the myocardial tissue is seen in
the literature. Based on this knowledge, designing a
cell-specific in vitro niche for generating a mixed
population of cardiac lineage cells was the major goal
of the study. The major highlight of the study is the
exploitation of the multipotency of pADMSC by
guided differentiation to derive cells such as CML,
CFL, and ELC and to assess the co-survival and
phenotype maintenance of each cell type upon co-
culture. Fibrin based niche with their ability to act as
GF reservoir was proposed for supporting pADMSC
growth and differentiation. Modification of various
protocols aimed to co-differentiate pADMSC to CMLs
and CFLs for improved survival of cardiomyocyte-like

phenotype in vitro.

2. Materials and Methods

2.1. lIsolation and Characterization of

pADMSCs

Human adipose tissue was collected from CVD
patients; age group 30-65 (SCT/IEC/453/February
2013; SCT/IC-SCRT/02/February 2013) undergoing
coronary artery bypass grafting. The pADMSC was
isolated as described [16] and were expanded in
culture. Procedures, reagents, culture medium,
antibodies used for characterization (Supplementary
Table 1), etc. are given in detail in the supplementary
file.
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2.2 Effect of Fibrin niche on pADMSC
differentiation to CMLs

2.2.1. Preparation of Fibrin matrix

Tissue culture polystyrene (TCPS) dishes coated with
fibrin matrix as described earlier was used [17].
Briefly, fibrinogen concentrate of clinical-grade fibrin
sealant was reconstituted in water. Diluted (5 IU)
thrombin was incubated with TCPS for 1-2h, the
excess enzyme was aspirated, the surface was air-dried
and a thin layer of (12.5 ul per cm?) diluted fibrinogen
(2mg ml™) containing 20pg fibronectin and exogenous
gelatin (0.2%; Sigma Chemicals, USA) was placed
and allowed to clot, lyophilized (Modulyo 4K,
Edwards, UK) in a sterile atmosphere, and stored at
4°C till used.

2.2.2. Induction of pADMSC:s to the cardiac lineage
The fibrin-based matrix and the culture medium
supplemented with GFs together constituted the
biomimetic niche. Initial experiments compared the
induction of pADMSC at a seeding density of 5000
cells/cm? grown on bare TCPS and fibrin matrix
coated TCPS. On both bare and coated culture
surfaces, the effect of 2 culture media such as DMEM-
LG and RPMI 1640 were compared; making 4
different experiments. In all 4 experiments, specific
GF inductions were continued for 24 days. pADMSCs
cultured using DMEM-LG medium with 10% heat-
inactivated fetal bovine serum (FBS; Gibco, USA,
Catalog no. 10270-106, South American origin, Batch
N0.41Q4046K; FBS was heat inactivated at 56°C for
30 min followed by centrifugation at 3000rpm for 15
min and filtered using 0.22u syringe cartridge before
use) and antibiotic-antimycotic (ABAM) on bare

TCPS dish was used as the baseline (un-induced

Cardiology and Cardiovascular Medicine

DOI: 10.26502/fccm.92920161

pADMSCs) for comparing the relative gene
expressions. The RNA was isolated on 8" day, 16"
day, and 24"™ day to quantify the relative gene
expressions of cardiac-specific markers as compared to
pADMSC grown for each period on bare TCPS.

2.3. Comparison of
differentiation into CMLs and CFLs

The co-differentiation to CML and CFL lineages were

protocols for co-

compared using 3 induction protocols (IPs). In all 3
cases, 1x10* cells/cm? were seeded on a fibrin-based
matrix and cultured for 24h in DMEM/LG medium.
The GF induction protocols-designated IP1, IP2, and
IP3 were initiated after 24h as described below. Either
basic medium RPMI 1640 (Gibco, USA)
supplemented with 10% heat-inactivated FBS &
ABAM denoted as BM-RPMI1640 or basic medium
DMEM/F12 (Gibco, USA) supplemented with 10%
heat-inactivated FBS & ABAM denoted as BM-
DMEM/F12 was wused at different stages of
induction/culture. In all 3 cases, cells were analyzed on
the 8" day and 16™ day of culture for the upregulation
of CML and CFL markers using qRT-PCR and

immunostaining.

2.3.1. Induction Protocol 1(1P1)

The pADMSC differentiation was initiated by an
BM-RPMI1640
supplemented with 5ng/ml of bone morphogenetic
protein-4 (BMP-4; R & D systems, USA). After 48h,
BMP-4 was withdrawn and the cells were grown in
BM-RPMI1640 supplemented with 5ng/ml Vascular
Endothelial growth factor-165 (VEGF-165; Cell
Signalling Technology, USA) for 72h. From the 120"

hour of initiating induction, culture was continued in

exchange of medium  with
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BM-RPMI till the 8"/16™ day of initiation, at 37°C

under 5% CO? with medium change on alternate days.

2.3.2. Induction Protocol 2 (1P2)

The pADMSC differentiation was initiated by an
BM-RPMI1640
supplemented with a combination of 5ng/ml of Activin
A (Invitrogen, USA) and 5ng/ml of BMP-4. After 48h,
Activin A and BMP-4 were withdrawn and the cells
were supplemented with 5ng/ml VEGF-165 for 72h.

exchange of medium  with

From the 120™ hour of initiating induction, culture was
continued in BM-RPMI-1640 till the 8"/16™ day of
initiation, at 37°C under 5% CO, with medium change

on alternate days.

2.3.3. Induction Protocol 3 (1P3)

The pADMSC differentiation was initiated by the
exchange of medium with BM-DMEM/F12 containing
1.2pug/ml in-house prepared platelet growth factors
(PGF) [18], 50ng/ml of Insulin-like growth factor-1
(IGF-1, Cell Signalling Technology, USA) and 50
pg/ml of L-ascorbic acid (Sigma, USA) and after 48h,
GFs were withdrawn. After 72h of initiating induction,
BM-DMEM/F12
supplemented with 50 pg/ml L-ascorbic acid till the
8"/16™ day of initiation, at 37°C under 5% CO, with

medium change on alternate days.

culture  was continued in

2.4. pADMSC induction to ELC lineage

For pADMSC induction to ELCs in vitro, TCPS was
coated as in # 2.2.1 with fibrin, modified by adding in-
house prepared hypothalamus extract (HE) [19]. To
start with, 1x10* cells/cm® were seeded on fibrin
matrix and were grown in basic medium MCDB-131
(Gibco, USA) supplemented with 10% heat-
inactivated FBS (Gibco, USA) and ABAM
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(Invitrogen, USA) denoted as BM-MCDB-131. After
24h, the medium was exchanged with BM-MCDB-
131, supplemented with 50ng/ml VEGF-165, 20ng/ml
IGF-1, 10ng/ml recombinant human epidermal growth
factor (EGF), (Cell Signalling Technology, USA),
heparin sulfate (Sigma), and L-glutamine (Sigma) and
was grown for 48h. After 48h, the medium was
changed with BM-MCDB-131 and the cells were
placed in a hypoxia (5% O,) incubator chamber for 6h
(Stem Cell Technologies, USA). The culture was
moved to normal culture conditions and cells were

analyzed after 24h for gene expression at mRNA level.

2.5. Effect of ELC on CML-CFL upon co-
culture

The objective of this part was to identify an additional
benefit of paracrine factors from different cell types
upon co-culture of hypoxia induced ELCs with CMLs-
CFLs. After the withdrawal of hypoxia, ELCs were
allowed to grow in culture for 24h, then harvested by
trypsinization, and 5000 cells/cm? were seeded on IP3
induced cells (#2.3.3) on the fifth day of induction.
The co-culture was maintained in BM-DMEM/F12-L-
ascorbic acid mixed with a 1:1 ratio of BM-MCDB-
131 medium supplemented with L-glutamine, L-
ascorbic acid, and heparin sulfate till the 8"/16" day of
initiating differentiation, at 37°C under 5% CO, with
medium change on alternate days. The cells were
analyzed for marker expressions on the 8" day and 16"
day of starting CML/CFL/ELC inductions.

2.6. Analysis of differentiation

2.6.1. Real-Time Quantitative reverse transcriptase
-PCR

In all cases, RNA was isolated using the TRIZOL

reagent (Invitrogen, USA) based on the manufacturer's
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protocol. RNA quantification was done using
Nanodrop 1000 (Thermo
Scientific, USA). 200ng of total RNA was converted
to cDNA using the OrionX cDNA kit (Origin, India) in

a thermal cycler (Master cycler; Eppendorf). CML and

Spectrophotometer

CFL specific markers were analyzed by gRT-PCR, in
a total volume of 15ul containing 20ng cDNA, 100
pM of respective intron spanning forward and reverse
primers, and 7.5 pl of OrionX 2X Real-time PCR
master mix (Origin, India). Forty cycles of reaction
were performed using the Bio-Rad iQ5 Real-time PCR
detection system (Bio-Rad, USA) under the following

conditions: Enzyme activation, 95°C for 15 minutes;

DOI: 10.26502/fccm.92920161

denaturation, 95°C for 30 seconds; annealing, 50°C for
20 seconds; and extension, 72°C for 20 seconds.
GAPDH was used as the house-keeping gene. Melt
curve analysis was performed for each gene to confirm
the specificity of each reaction. PCR products were
further analyzed by agarose gel electrophoresis to
confirm the amplicon size. The relative gene

expression was calculated using un-induced
pADMSCs for respective periods and fold change in
expression was calculated after normalization with
GAPDH expression on each day of analysis using the
formula 272, The list of primers used for the study is

given in Table 1.

Gene Gene Bank No. Primer sequence (5°-3”) Amplicon size

GAPDH NM_002046.6 Forward -GAA ATC CCA TCA CCA TCT TCC AGG | 120bp
Reverse - GAG CCC CAG CCT TCT CCA TG

TNNT 2 NM_000364 Forward - GTT ACA TCC AGA AGA CAG AG 114bp
Reverse - CTT CAT TCA GGT GGT CAAT

MYL 2 NM_000432.3 Forward - ATT CTC AAC GCATTC AAAGT 120bp
Reverse -CAT CTG GTC AAC CTC CTC

MYH 6 NM_002471.3 Forward - GAC CGA GAA TGG AGA GTT 94bp
Reverse - CAT TTG CTG GGT ATA AGA GAG

GJA1l NM_000165 Forward - GTC TGA GTG CCT GAACTT 97bp
Reverse - GCACCACTCTTTTGCTTAA

DDR 2 NM_001014796 .2 | Forward - AGT GCC ATC AAG TGT CAATA 167bp
Reverse - CGAGTG TTG CTG TCATCA

Fibrillin1 | NM_000138.4 Forward -TGA TGG CTC CTA CAG ATG TGA ATG C | 206bp
Reverse - GAC ACG GCT GGC AAG GTT CC

Collagen 1 | NM_000088.3 Forward - CCA AGG GTA ACAGCG GTG A 120bp
Reverse - GCT TTC CTT CCT CTC CAG CA

CDh 31 NM_000442.4 Forward - CAG TCATTACGG TCACAAT 118bp
Reverse - CTG AGG ACACTT GAACTTC

VCAM-1 | NM_001078.4 Forward — CCT CCT TAA TAA TAC CTG CCA TTG | 90bp
Reverse - TCTGTGCTTCTACAAGACTATATGA

Cardiology and Cardiovascular Medicine
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MCP-1 NM_002982.4 Forward — CCG AGA GGC TGA GAC TAAC 120bp
Reverse - ATG AAG GTG GCT GCT ATG A

eNOS NM_000603 Forward — GGC ATC ACC AGG AAG AAG A 116bp
Reverse — TCG GAG CCATAC AGG ATT G

VWF NM_000552.4 Forward — CAC CAT TCA GCT AAG AGG AGG 310bp
Reverse - GCC CTG GCA GTAGTG GAT A

pAl NM_000602.4 Forward — TTG GTG AAG GGT CTG CTG TG 485hp
Reverse —-GGC TCC TTT CCC AAG CAAGT

tPA NM_033011.3 Forward — ATG GGA AGA CAT GAATGC AC 319bp
Reverse —- GAA AGG GGA AGG AGA CTT GA

TGF B 1 NM_000660.6 Forward — AGT TGT GCG GCA AGT GGT TGA 152bp
Reverse - GCC ATG AAT GGT GGC CAG GT

PDGFR o | NM_001347829 .1 | Forward — AGG TTG AGA GGA GGACTT 146bp
Reverse - CCA CTG AGATGC TACTGA G

Table 1: Primers used in the study and amplicon size of the products

2.6.2. Immune-specific cell identity

The lineage-specific marker expressions at the
translational level for CML, CFL, and ELC markers
were analyzed by immunocytochemistry after 16 days
of culture. Briefly, the cells were fixed with 3.7%
paraformaldehyde (Merck, Germany) for 20 minutes at
room temperature, permeated using 0.2% Triton X 100
(Sigma Aldrich, USA) for 5 minutes, and blocked with
3% bovine serum albumin (BSA; Sigma, USA) for 30
minutes. The cells were then incubated with primary
antibodies at 4°C overnight, secondary antibodies at
37°C for one hour at room temperature, and stained for
nucleus using DAPI (Life Technologies, USA). The
differentiation of pADMSCs to ELCs was also
analyzed by acetylated Low-density lipoprotein
(AcLDL) uptake assay by incubating the induced cells
with 10pg/ml AcLDL (Molecular Probes, USA) for 4h
in the dark in the incubator at 37°C with 5% CO,. The
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source of antibodies used for the immunostaining is
listed in Table 2. Antibody dilutions in each case are

shown in the respective figure legends.
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SL.No. | Name Isotype Source Catalog No.
1 Connexin-43 (Cx 43/GJA 1) Rabbit IgG | Thermo Scientific PA5-11632
2 Cardiac Troponin T (TNNT 2) | Mouse IgG | Abcam ab8295

3 Collagen | Mouse IgG | Abcam ab6308

4 Fibrillin 1 Mouse 1gG | Novus Biologicals NB110-8146
5 VCAM-1 Rabbit 1IgG | Abcam ab215380

6 CD31 Mouse 1gG | Biolegend 303110

7 eNOS Mouse IgG | Abcam ab76198

8 VE-Cadherin Mouse 1gG | Santa Cruz Biotechnology | sc52751

9 Anti-Mouse AF 488 Goat IgG Abcam ab150113
10 Anti-Mouse TR Goat IgG Abcam ab6787

11 Anti-Rabbit AF 488 Goat IgG Abcam ab150077

Table 2: List of antibodies used for the analysis of lineage commitment

+ve

2.6.3 Quantification of cardiac Troponin T
CMLs

The percentage of cardiac Troponin T positive cells
was estimated semi-quantitatively by Image J analysis.
The number of nuclei per field was counted from 4
different fields from different donors and the
distribution of cardiac Troponin T positive cells per
field was counted. The percentage of Troponin T
cells was estimated based on the total number of cells
in 4 fields and total TNNT 2 cells in the corresponding
fields. The average and standard deviation was also

calculated.

2.6.4 Analysis of ECM deposition

To determine ECM deposition, cultures were subjected
to decellularization, as standardized earlier by Divya et
al., (2007) [17] and stained using specific antibodies.
Briefly, culture dishes were treated with a solution
containing 0.2% NaOH (Merck, Germany), and 1%
Triton X — 100 (Sigma Aldrich, USA) in double-

distilled water for 30 min. The recovered insoluble

Cardiology and Cardiovascular Medicine

matrix was fixed with 3.7% formaldehyde (Merck,
Germany) for 20 min and washed. The culture dishes
were then incubated with primary antibody against
Collagen I (Abcam, UK) for 2h at 25°C and then with
Alexa Fluor 488 conjugated secondary antibody (anti-
mouse IgG Abcam, UK). Immunostained Collagen |
was imaged using a fluorescent microscope (Leica,

Germany).

2.7. Statistical Analysis

All experiments were performed at least 3 independent
times using different donor cells each time. Statistical
significance was calculated by one-way ANOVA
(Analysis of Variance) for all quantitative data to
determine the significance in variation between control
and test. Mean values and standard error were

calculated for all parameters.
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3. Results
3.1. pADMSC characterization and proof of
multipotency

Cells isolated from the patient's adipose tissue were
plastic-adherent  acquired

typical  morphology

(Supplementary ~ figure  S1A), and showed
mesenchymal stem cell (MSC) characteristics with
surface marker expressions (Supplementary figure
S1B) and multipotency (Supplementary figure S1C a-
c). Thus, pADMSCs were found suitable for
differentiation

experiments to derive lineage-

committed cardiac cells.

3.2. Influence of Fibrin niche on pADMSC
differentiation

Upon comparison of bare TCPS and fibrin matrix
coated TCPS, morphological changes combined with
the up-regulation of cardiac-specific genes was
observed in the cells cultured on fibrin matrix coated
TCPS, indicating that fibrin-based niche may act as a
GF reservoir and adhesive protein matrix to derive
CMLs from pADMSCs (Supplementary figures S2 to
S5). By the 24" day, the pADMSC derived CMLs had
reduced marker expressions, indicating that the
induced CMLs may need a better niche for phenotype
maintenance/differentiation. The average Ct values of
cardiac-specific genes analyzed by @RT-PCR
represented graphically in Supplementary Figure S5 is
provided in the Supplementary Table 2.

3.3. pADMSCs differentiation to CMLs, CFLs
& ELCs

3.3.1. Morphological changes

As compared to un-induced pADMSCs, morphological
changes were observed in all 3 modes of cardiac

Cardiology and Cardiovascular Medicine
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inductions. The common changes observed were
elongation of cells, the appearance of branching,
occasional phase-bright cells, and frequent fibroblastic
morphology from the 8" day of differentiation (Figure
1). The pADMSCs induced to ELCs also attained a
distinct parallel alignment upon GF induction &
uniform cobblestone morphology after exposure to
hypoxia (Figure 2).
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Sre——

16d ADMSC

J

16d IP2

Figure 1: Representative images showing morphological features of cells under differentiation: 1a, b, Phase contrast
image of un-induced pADMSC morphology cultured on bare TCPS on 8d and 16d of culture in vitro, respectively.
1c, d, Phase contrast morphology of pADMSCs induced using IP1 on 8d and 16d of culture in vitro, respectively.
le, f, Phase contrast morphology of pADMSCs induced using IP2 on 8d and 16d of culture in vitro, respectively.
Figure 1g & h, phase contrast morphology of pADMSCs induced using IP3 on 8d and 16d of culture in vitro,
respectively. (Magnification — 20X).
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Figure 2: Representative images showing: 2a, Phase contrast image of passage 3 pADMSC morphology, 2b,

pADMSCs induced to ELCs with growth factors and 2c, induced ELCs upon hypoxia induction and further culture

for 24h, respectively. (Magnification — 10X).

3.3.2 mRNA-level indications of differentiation

In gRT-PCR, MYL2, TNNT2, and GJAl were up-
regulated in IP3 by 8d of initiating differentiation,
while MYH6 gene expression was below 1 fold in all
three protocols. By 16" d, the presence of CMLs in
IP3 was evident with 1.5- fold up-regulation of
TNNT2. The CFL markers DDR2 and Fibrillin-1 were
upregulated on 8d and 16d of induction in IP3.
Collagen 1, the major ECM marker was found to be 2-
fold up-regulated on 8d and 0.5-fold by 16d of IP3
induction, and fibrillin-1 was steady at ~0.5 fold up
regulated status (Figure 3). Considering a balance of
marker expressions, IP3 seemed to be the most
suitable one to derive both CML and CFL
simultaneously from pADMSCs. In both IP1 and P2,
TNNT 2 was static on the 8" nor 16" day as compared
to un-induced pADMSCs (<1 fold). The expression of
Transforming growth factor § I (TGF f I) and platelet-

derived growth factor receptor oo (PDGFRa) were also
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analyzed and in all three IPs, TGF B I expression was
low on the 8" day of culture as compared to ADMSC
cultured for 8 additional days, whereas its expression
was up-regulated by the 16™ day (Figure 3C). On the
other hand, the expression of PDGFRa was up-
regulated by the 8th day of induction while its
expression was found to get reduced by the 16th day
(Figure 3D). (The average Ct values of lineage specific
genes analyzed by gqRT-PCR, represented graphically
in Figure 3A and 3B is provided in the Supplementary
Table 5).

The expression of endothelial cell lineage markers was
up-regulated by 8d of pADMSC induction with
sequential GF-hypoxia treatment. All ELC-specific
genes were up-regulated >1- fold, except MCP-1 on
the 8" day of induction indicating lineage commitment
of pADMSCs to ELCs (Figure 4).
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Figure 3: Graphical representation of the relative gene expression pattern of CML and CFL specific genes by qRT-

PCR. The expression pattern of CML and CFL specific genes upon induction of cells using IP1, IP2, and IP3 at (A)

8d and (B) 16d of culture in vitro. The expression pattern of TGF B I, and PDGFRa of cells induced using three

induction protocols is represented in Figure 3C and 3D, respectively. Fold change is indicated relative to GAPDH

expression on each day of analysis using the 24!

method, upon normalization with normal pADMSCs. The dotted

lines represent the basal level expression of genes in un-induced pADMSC cultures on respective periods. Error bars

represent standard error (n=3).
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Figure 4: Graphical representation of the relative gene expression pattern of pADMSC induced to ELCs. The

expression pattern of endothelial lineage-specific markers upon growth factor induction followed by hypoxia

treatment. Fold change is indicated relative to GAPDH expression on each day of analysis using the 2" method,

upon normalization with results obtained from the un-induced pADMSCs. The dotted line represents the basal level

expression of endothelial-specific genes in uninduced pADMSCs. Error bars represent standard error (n=3).

3.3.3. Identification of functional proteins

The immune-stained cardiac Troponin T and gap
junctional protein Connexin 43 expression were
evident in cells induced in the IP3 niche (Figure 5C
and 5F, respectively) as compared to weakly stained
cells induced in IP1 (Figure 5B, E, respectively), and
the observation correlated well with the qRT-PCR
data. Upon estimation of cardiac Troponin T
expressing cells, around 61.24 + 19.95% cells in
culture were differentiated to CMLs in IP3
(Supplementary Table 4); whereas, in IP1, around
16.62 = 5.61% only were transformed into CMLs
(Supplementary table 3; p = 0.02). The relative

+Vve

distribution of Troponin T™" CMLs is represented in
Supplementary Figure S6. Further, the expression of

Fibrillin-1, a cardiac ECM molecule produced by

Cardiology and Cardiovascular Medicine

CFLs was expressed in all groups (Figure 5H, 1).
Cardiac ECM marker, collagen 1 was more prominent
in pADMSCs induced using IP3 as compared to IP1
(Figure 5L and 5K, respectively). The endothelial
lineage commitment of pADMSCs induced to ELCs
was confirmed by AcLDL uptake (Figure 6A) and
expression of endothelial cell-specific markers CD31
and VE-Cadherin (Figure 6C and 6D, respectively).
eNOS was present in the ELC-specific culture niche
with co-localization of blue DAPI of nucleus and
green of eNOS making a cyan color in the nucleus and
green granular stain in the cytoplasm (Figure 6B). In
ELC culture, more than 90% of cells were showing a
cyan-colored nucleus; therefore, the majority of cells

were differentiated into an endothelial lineage.
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Figure 5: Representative images showing immunocytochemical expression of CML and CFL markers. Cardiac
Troponin T (TNNT 2) expression (green) was prominent in cells induced using IP3 (5C) while a low expression
pattern was observed in cells induced with IP1 (5B) (magnification 40x). Gap junctional protein Connexin 43
(Cx43) was observed in high density (green) along with the membrane structures of cells induced with IP3 (5F)
while low expression pattern was observed in cells induced with IP1 (5E) (magnification — 40x). 5H, | represent
cardiac fibroblast marker fibrillin-1 in IP1 and IP3 induced cultures, respectively (magnification — 20x); 5K, L
represent Collagen 1 staining in decellularized matrix, induced with IP1 and IP3 (green), respectively, on 16d of
induction (magnification — 40x). TNNT 2, Cx43, Fibrillin-1, and Collagen 1 staining of un-induced pADMSCs is
shown in 5A, 5D, 5G, and 5J respectively. TNNT 2, Cx43, and Collagen 1 were used at 1:100 dilution and Fibrillin-

1 was used at a dilution of 1:50.
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Figure 6: Characterization of differentiated ELCs: (A) fluorescent micrograph representing AcLDL uptake assay

(red); (B) eNOS expression (green in cytoplasm and cyan in nucleus) (magnification — 40x); and (C) CD31

expression (green); and (D) VE-Cadherin expression (green) indicating ELC lineage commitment (magnification —

20x, inset indicating higher magnifications). CD31 and VE-Cadherin were used at a dilution of 1:50 and eNOS at a

dilution of 1:100.

3.4. Paracrine effects in co-culture

Almost all ELCs adhered to the CML-CFL layer;
floating cells were absent in medium (Supplementary
figure S7). Upon comparison of gene expression in IP3
with and without ELCs, on 8" day of induction (3"
day of seeding ELCs) & on 16™ day, TNNT2, GJA1L
and MYL2 were stable, with an evident increase of
TNNT2 on the latter period (Figure 7A). On the other
hand, DDR2 was down-regulated without much effect

on fibrillin 1 and collagen 1 as compared to IP3 alone

Cardiology and Cardiovascular Medicine

after similar periods of induction/co-culture (Figure
7C). The ELCs were also stable upon reseeding on
IP3, maintenance of CD31, VCAM-1, eNOS, and
MCP-1 was observed by the 8" day as compared to
ELC before seeding (Figure 4). The expression pattern
of endothelial cell (EC) — specific genes were observed
further up-regulated by the 16th day upon ELC co-
culture with IP3 induced cells (Figure 7B). The gene
expression of TGF B I was low on the 8" day while its

expression was up-regulated by the 16™ day in co-
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culture. PDGFRa gene expression was up-regulated by
the 8" day while its expression pattern was reduced by
the 16" day of co-culture (Figure 7D). At the
translational level, the expression of cardiac marker
TNNT2 and fibroblast marker fibrillin- 1 was observed
in the IP3 induced cells on 8d of induction. The
development of ELCs in IP3 is evidenced by VCAM-1

DOI: 10.26502/fccm.92920161

stained cells (Figure 8G). Upon co-culture, the ELC
layer stained with VCAM-1 was evident, and probable
outgrowth of CFL is indicated by Fibrillin-1 (Figure
8H & 8E, respectively). However, CML seemed
covered by ELCs and no TNNT2 stained cells were
seen (Figure 8B); even though, at the mRNA level, its

expression was high in co-culture (Figure 7A).

Gene expression pattern of CML markers upon co-culture

Gene expression pattern of ELC markers upon co-culture
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Figure 7: Graphical representation of relative gene expression pattern of cells upon co-culture. The relative gene
expression of (A) CML specific, (B) ELC specific, and (C) CFL specific markers on 8d and 16d of induction
normalized to the un-induced pADMSCs is represented graphically. Figure 7D represents the TGF B I and PDGFRa

gene expression pattern in co-culture, normalized to the uninduced pADMSCs, respectively. Fold change is

indicated relative to GAPDH expression on each day of analysis using the 2**“* method, upon normalization with

results obtained from the un-induced pADMSCs. Error bars represent standard error (n=3).
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Figure 8: Representative immunofluorescent images of CML, CFL, and ELC markers upon co-culture. Cardiac
troponin T (TNNT 2) stained images of (A) IP3, (B) IP3 + ELC, and (C) ELC cultures on 8d shown in the top panel.
Fibrillin-1 in (D) IP3, (E) IP3 + ELCs and (F) ELC in the middle panel. VCAM-1 immunofluorescence is seen in
(G) IP3, (H) IP3 + ELCs, but more prominently in the latter and (I) ELC alone culture on 8d, shown in the bottom
panel (magnification -20x). TNNT 2, and VCAM-1 was used at 1:100 dilution and Fibrillin-1 was used at 1:50

dilution (n=3).

4. Discussion

Pathological conditions like MI provoke maladaptive
responses in CMs and other non-myocytes resulting in
alterations in cardiac function [20]. Owing to
inflammation and other structural changes hindering
stem cell homing and differentiation, regeneration of
follows  the

damaged  myocardium  hardly

transplantation [2]. The rejuvenation of damaged

Cardiology and Cardiovascular Medicine

tissue is further hindered due to the senescent cell pool
that gets accumulated in the heart due to disease
conditions and aging [21]. Transplantation of
stem/progenitor cells is a fascinating area of research
towards developing regenerative medicine. In cardiac
regenerative approaches, much attention has been
given to CMs and endothelial progenitor cell
transplantation. Since the CMs co-exist with cardiac

fibroblasts (CFs), that represent the major
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mesenchymal population, and are surrounded by an
intricate network of capillaries in cardiac tissue, the
interaction of CMs with endothelial cells (ECs) and
CFs are essential from the cardiac development stage
to the maintenance of intricate cardiac structure and
function throughout the life span [22]. They support
the myocardium, aiding cell-cell interactions, and 3-
dimensional (3-D) architecture of the heart producing
autocrine and paracrine action of secreted molecules
[23]. Based on such cardiac tissue biology,
regeneration of complex cardiac tissue seems to
require a heterogeneous population of cells. For
coordinating the electrical activity of specialized CM,
their survival and functioning require ECM. CFs play
a major role in integrating CM beating and electrical
conductivity, whereas, angiogenesis and proper
oxygenation are essential for the functioning of the

tissue.

This study aimed at stem cell priming/pre-
differentiation, producing cardiomyocyte-like cells,
cardiac fibroblast-like cells, and endothelial-like cells
in vitro from single isolation pADMSCs, and
conceives potential for future studies towards
translation to clinics using less potent patient origin
stem cells. Pre-differentiation is an important step in
the context of stem cell transplantation because of 2
reasons: (i) MSCs are multipotent and hence may be
directed to any lineage depending on signals in the
milieu; (ii) the in vivo milieu may not support any
differentiation due to inflammatory changes that could
deprive adhesive proteins and growth factors. Previous
studies have shown that MSCs can be directed into
different lineages in vitro via extrinsic growth factor
stimulation by the withdrawal of maintenance GFs and
the addition of differentiation promoting GFs or

chemicals [24]. Behfar et al. have demonstrated that

Cardiology and Cardiovascular Medicine

DOI: 10.26502/fccm.92920161

GF combinations including BMP-4, Activin A

(members of Transforming Growth  Factor-f
superfamily), Insulin-like growth factor-1, fibroblast
growth factor-2, interleukin-6, and thrombin, induced
adult bone marrow-derived mesenchymal stem cells
(BMMSCs) into CMs in vitro via endoderm-based
pathways by compromising cell proliferation, and
switching to differentiation phase [14]. The growth
BMP-4, A, VEGF-165 for
differentiating iPSCs into CMs in vitro [25] and the
effect of PGF and IGF-1 in CM differentiation and
protection is demonstrated in different studies
[22,26,27]. Pretreatment of MSCs with IGF-1 has been

shown to improve the healing ability by reducing scar

factors Activin

formation and increasing angiogenesis [24]. Sequential
treatment of stem cells with growth factor
combinations comprising of IGF-1, VEGF-165, and
EGF along with heparin sulfate and L-glutamine
followed by hypoxia treatment has been shown to
induce endothelial lineage commitment. Hypoxia
treatment of MSCs is thought to further up-regulate the
expression of vascular endothelial growth factor
(VEGF) expression in vitro [28].

In the current study, a cell-specific niche comprising
fibrin and GFs was utilized effectively; the matrix
network functioning as GF reservoir and cell adhesion
matrix. Fibrin has been used in bioengineering
applications as a scaffold for effective cell attachment,
growth, and migration [17] and as a cell delivery
vehicle in the treatment of MI [29]. Fibrin comprising
various adhesive proteins promotes cell adhesion and
proliferation. The fibronectin present in the fibrin
matrix acts as a GF reservoir through the heparin-
binding repertoire. The major highlight of the study is
that, from the same source cells, CML, CFL, and ELC
were derived; both CML & CFL were obtained
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simultaneously in the same niche and culture
conditions. The generation of ELC was also indicated
in CML/CFL culture in terms of up-regulated EC-
specific  mRNA expressions; however, to vyield
significant numbers of ELC expressing specific
proteins, a separate protocol was developed. Though a
fibrin based niche was developed, specifically to
obtain ELC, an additional step of hypoxia exposure
made a remarkable improvement in obtaining > 90%
ELC phenotype from hADMSCs.

Simultaneous derivation of CFs and CMs from MSCs
has not been addressed in earlier studies. This study
confirmed that the essential cell category of the
myocardium can be obtained in their lineage-
committed stage using different GF combinations and
culture protocols. The IP3 used a combination of PGF,
IGF-1, and L-ascorbic acid on a fibrin-based niche.
The composition supported the differentiation and co-
survival of pADMSCs into CMLs and CFLs lineages
in vitro. The TGF BI was also observed to get up-
regulated in the IP3 induction protocol by 16" day,
even without the addition of any TGF [ superfamily
members, indicating that it plays an important role in
cardiac differentiation. This observation is in line with
previous studies [30-32]. Another observation was the
reduced expression of PDGFRa in IP3 by the 16™ day
of induction. PDGFRa is a well-characterized marker
for cardiac progenitor cells and its expression is
reported to be minimal in differentiated
cardiomyocytes and endothelial cells [33]. The results
obtained in our study may thus indicate that the IP3
induction protocol resulted in a progressive
differentiation of pADMSCs from a progenitor stage
towards a more advanced cardiac lineage-committed
phenotype. Though various studies have reported the

induction of MSCs using 5- azacytidine, only a minor
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ADMSCs was
cardiomyocytes [34]. Induction of MSCs with either

fraction  of differentiated to
Angiotensin Il or 5-azacytidine or a combination of
both has been reported to derive cardiomyocyte-like
cells upon culturing the MSCs for 3 weeks. However,
the stability of derived cardiac progenitors is debated.
Exposure to both inducers simultaneously resulted in
the death of adherent cells without any favorable
additive or synergistic effect on cardiomyocyte
differentiation. The estimated yield of cardiomyocytes
were; with azacytidine ~24.0%, with Angiotensin 1l
~25.0%, and with a combination of both ~31% CMLs
after 21 days of induced MSC induction [35].
Similarly, a lower frequency of CMLs (20.5 + 1.9%)
was reported to be generated in vitro upon treatment of
bone marrow-derived MSCs with TGF-B1 [31]. In this
study, the IP3 was found to derive >60% cardiac
Troponin T positive CMLs in 16 days period in vitro.
This may be probably due to the co-existence of CFLs
in the culture. Also, prominent collagen 1 expression
in IP3 indicates that by the time fibrin is degraded,
collagen-based ECM could form to support cell
attachment, growth, and survival. After the grown
progenitors were lysed off, uniform distribution of
deposited collagen in the culture dish is demonstrated
using immunostaining. By this time the adherence of
cell to the culture surface was intense which may be
due to the collagen deposited by CFL. As a result,
single cell suspension, suitable for flow cytometry
analysis could not be obtained by standard
trypsinization; manual counting was done from
multiple fields to estimate % CML cells in the IP3
induced culture. As compared to other reports, the
yield of CML in this study is remarkable and the
remaining cells could be CFL, which is responsible for
collagen deposition and for stabilizing CMLs in the

culture. The presence of Connexin 43 in CMLs can
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promote cell-cell interaction and paracrine signaling
for co-survival and functioning. Derivation of dermal
fibroblast from hADMSCs has been reported in other
studies which included the addition of L-ascorbic acid
to promote collagen synthesis and deposition to
replace the provisional fibrin-based matrix [36].
However, the major highlight of this study is that in a
modified cardiac-specific niche the expression of
DDR2, which is a specific cardiac fibroblast molecule
that binds to Collagen 1 was obtained. It may be
possible that the paracrine factors released from CML
influenced the formation of the cardiac phenotype of
fibroblasts.

Further, the derivation of ELCs from pADMSCs is
confirmed using multiple markers. Even though no
specific induction towards ELC was given in IP3,
upregulated expressions of ELC markers were
detected. Several studies have reported that the co-
culture of ECs with CMs promotes survival of the
latter population and spatial reorganization [37]. CMs
secrete a variety of cardiokines that promote EC
activation and proliferation. Similarly, ECs secrete
various angiokines that regulate CM proliferation and
reorganization  following an  injury.  Hence
transplantation of ECs with CMs and CFs could
improve the survival of the transplanted cells into an
injured heart post-MI [20]. Even though there were
detectable levels of EC markers at the mRNA level, at
the protein level, not much effect was seen in IP3.
Therefore, a separate protocol was developed for
generating a stable ELC population from the same
donor ADMSCs. The ELC was transferred onto the
CML-CFL layer 5 days after primary induction. The
cardiomyocytes were not detected at the protein level
in co-culture, because the ELCs were not mixed with
CML/CFL. The ELCs were transferred and seeded on
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the IP3 culture surface. It appeared that the CMLs did
not sprout out through the ELC layer, whereas, the
CFLs outgrew and few fibrillin ¢ cells were detected
in co-culture, in addition to the EC protein VCAM-1.
The co-culture seemed to regulate cell-specific
markers of both CML (TNNT2) and CFL (DDR?2).
The mutual supportive/regulatory role of these 3 cell
types is evident in this study. Prospective in vivo
experiments assessing the effectiveness of mixed cell
phenotypes transplantation by harvesting at early
lineage-committed, but proliferative stage may be the
next phase of this study. A preliminary study is
published [38].

5. Conclusion

In conclusion, this study established that using a single
niche and culture conditions pADMSCs can be
committed to CML and CFL lineages. Simultaneously,
yet another cell-specific niche and culture condition
can produce ELC out of pADMSCs. The cell-cell or
cell-ECM interactions and the paracrine effects
seemed to play a significant role in the maintenance of
favorable cell phenotypes in co-culture. The
reproducibility of the protocol is proven using
different donor cells. The standardized protocol is
cost-effective and may be easily adapted for deriving
cardiac progenitors from pADMSC in a short time to
further develop patient-specific cell-based therapy.
The effectiveness of mixed cell transplantation is a
relatively less explored concept. The results of this
study advocate animal experiments using autologous
cells to evaluate the effect of transplantation of mixed

progenitor cell populations.
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Supplementary Information

Isolation and Characterization of pADMSCs

Human adipose tissue was collected from CVD patients of the age group 30-65 (SCT/IEC/453/February 2013;
SCT/IC-SCRT/02/February 2013) during coronary artery bypass grafting and isolated pADMSC as previously
described (1). Briefly, 5g to 10g of tissue was thoroughly washed with sterile Hank's Balanced Salt Solution
(HBSS), minced, and treated with 0.15PZ U/ml of Collagenase NB 4 Standard Grade enzyme (Serva
Electrophoresis, Germany) for a period of 45-60 minutes at 37°C with continuous shaking. The digested cell
suspension was strained (70uM, BD Falcon, USA), centrifuged, washed 2 times, and the cell pellet was re-
suspended in low glucose Dulbecco's modified Eagle's medium (DMEM- LG; Gibco, USA) supplemented with 10%
Fetal Bovine Serum (FBS; Gibco, USA; Catalog no. 10270-106, South American origin, Batch N0.41Q4046K; FBS
was heat-inactivated at 56°C for 30 min followed by centrifugation at 3000rpm for 15 min and filtered using 0.22p
syringe cartridge before use) and Antibiotic- antimycotic solution (ABAM; Invitrogen, USA). The cells were seeded
in a 25cm? tissue-culture polystyrene flask (TCPS; Nunc, Denmark) and incubated at 37°C under 5% CO,. The
medium was changed at 3-day intervals. Upon reaching ~ 80% confluence, cells were passaged by standard
trypsinization protocol using 0.25% Trypsin- EDTA (Invitrogen, USA) for cell expansion.

pADMSCs from passage 2-4 were used for characterization using surface markers as listed in the supplementary
tablel and confirmed by tri-lineage differentiation and specific staining.

Supplementary Table 1: List of antibodies used for pADMSC characterization

SI.No. Name Isotype Source Catalog No.
1 CD 105 PE Mouse IgG Santa Cruz sc-18838

2 CD 90 PE Mouse 1gG BD Pharmingen 555596

3 CD 73 PE Mouse 1gG Biolegend 344003

4 CD 14 FITC Mouse 1gG Millipore CBLA453F

5 CD45FITC Mouse IgG Beckman Coulter | A07782

Adipogenic, osteogenic, and chondrogenic differentiation was attempted using StemPro medium (Life
Technologies, USA), as per the standard procedure. For adipogenic induction 1x10* cells/cm? , for osteogenic
induction 5x10° cells/cm?, respectively were seeded and cultured in the respective medium for 21 days with the
medium change in 2-3 days. For chondrogenic differentiation cell droplets were seeded and grown for 14 days in the
respective medium. Differentiation was confirmed by staining with Oil Red O, Alizarin Red S, and Toluidine blue

as per the standard protocols.
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Supplementary Results

Cells isolated from the patient's adipose tissue were plastic — adherent acquired spindle-shaped morphology from the
second day of plating, and became confluent in ~ 8 days. On trypsinization and passaging, every 4 days, the cells
became monolayer (Supplementary figure S1A). Flow cytometry analysis of passage 3 (P3) pADMSCs showed 90%
positivity for cell surface markers CD105, CD73, and CD90 with < 2% expressing the hematopoietic stem cell
markers CD45 and CD14 (Supplementary figure S1B). The multipotent nature pADMSCs were confirmed by
adipogenic, osteogenic, and chondrogenic lineage differentiation. Oil Red O staining (Supplementary figure S1C. a),
Alizarin Red S Staining (Supplementary figure S1C. b), and Toluidine Blue staining (Supplementary figure S1C. c)

confirmed the adipogenic, osteogenic, and chondrogenic lineage commitment, respectively.
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Supplementary Figure S1: Morphology and characterization of pADMSCs. S1A, Morphology of pADMSC at
passage 0, and passage 3 in TCPS. S1B, Flow cytometry histogram shift of P3 pADMSC characterized using cell
surface markers, a) CD73, b) CD105, c) CD90, d) CD45 and e) CD14 as compared to unstained control indicating
90% positivity for CD 73, CD105 and CD90 and < 2% positivity for CD45 and CD14. S1C, Multipotency of
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pADMSCs indicated by adipogenic differentiation (Oil Red O staining - 40X magnification), osteogenic
differentiation (Alizarin Red S staining - 10X magnification), and chondrogenic differentiation (Toluidine blue

staining - 10X magnification).

Effect of fibrin coated niche in inducing pADMSCs to cardiac lineage cells

The standardization phase of the differentiation experiment aimed to identify if the fibrin matrix influences
pADMSC differentiation into cardiac lineage in 24 days. Morphological changes included elongation of cells, the
appearance of cell fusion, and the formation of tube-like structures on fibrin matrix coated culture dishes
(Supplementary figure S2 and S3). The effect of fibrin coated niche on pADMSC differentiation to cardiac lineage
was further confirmed by reverse transcriptase PCR (RT-PCR) of cardiac-specific markers GATA-4 and Troponin
T. Cardiac transcription factor GATA-4 was upregulated in the cells that were induced on the fibrin-based niche as
compared to the cells cultured on bare TCPS indicating that fibrin-based niche favored pADMSC differentiation to
cardiac lineage in vitro. Also, the expression of GATA-4 and Troponin T was not observed in pADMSCs cultured
on DMEM-TCPS and DMEM-Fibrin (Supplementary figure S4). CML marker expression was seen prominent till
16 days in pADMSCs cultured with RPMI-GFs on a fibrin niche, with a decline thereafter (Supplementary figure
S5).
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Supplementary Figure S2: Phase-contrast images of pADMSCs cultured on bare TCPS. Distinct
morphological features are seen depending on the culture medium and period of culture. The left panel indicates
cells cultured in DMEM-LG- GFs and the right panel indicates cells cultured in RPMI- GFs. 8d, 16d, and 24d

indicate cells cultured for 8 days, 16 days, and 24 days in vitro respectively (magnification — 20x).
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Supplementary Figure S3: Phase-contrast images of pADMSCs cultured on fibrin matrix coated TCPS.
Distinct morphological features are seen depending on the culture medium and period of culture. The left panel
indicates cells cultured in DMEM-LG-GFs and the right panel indicates cells cultured in RPMI- GFs. 8d, 16d, and
24d indicate cells cultured for 8 days, 16 days, and 24 days in vitro respectively (magnification — 20x).
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Supplementary Figure S4: Agarose gel images of RT-PCR products of markers expressed upon induction to
cardiac cells. A) and D) expression of GATA-4 in cells cultured in DMEM-LG medium and RPMI 1640 medium
with GFs respectively. B) and E) expression of TNNT-2 by cells cultured in DMEM-LG medium and RPMI 1640
medium with GFs respectively and C) and F) expression of GAPDH by cells cultured in DMEM-LG medium and
RPMI 1640 medium with GFs respectively. 0d indicates day 0; 8dF, 16dF and 24dF indicate gene expression of
cells cultured till day 8, day 16, and day 24 on fibrin matrix and 8dB, 16dB, and 24dB indicates cells cultured till
day 8, day 16, and day 24 on bare TCPS.
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Supplementary Figure S5: qRT-PCR analysis data of CML marker expression in induced pADMSCs grown
on a fibrin niche. The expression pattern of CML specific genes at 8d, 16d, and 24d of culture in vitro is

graphically represented. Gene expression of each period was normalized with un-induced pADMSCs at respective
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periods of culture. The dotted line represents the basal level expression of cardiac-specific genes in un-induced
pADMSCs.

Donorl  Average Ctvalues
Genes 8d Control 8d Test 16d Control 16d Test 24d Control 24d Test

GATA 35.06 32.42 31.37 30.43 30.57 29.62
TNNT2 27.98 27.28 26.82 25.26 25.98 24.4
MYL2 29.32 253 26.78 26.85 25.44 25.03
MYH6 24.2 23.13 23.96 22.21 22.88 22.03
GJA1 25.77 24.43 24.1 22.02 22.72 22.06
GAPDH 17.18 16.88 16.7 15.56 15.26 14.66

Donor 2 Average Ct values
Genes  8d Control 8d Test 16d Control 16d Test 24d Control 24d Test

GATA 31.13 31.28 31.23 29.71 30.24 30.02
TNNT2 26.45 25.6 25.26 26.15 26.22 27.06
MYL2 21.9 27.98 26.8 29 29.63 29.03
MYH6 24.02 23.35 23.85 23.47 23.41 22.86
GJIAL 23.72 23.81 25.02 23.98 24.53 23.09
GAPDH 13.75 13.66 145 13.96 15.19 14.34

Donor3  Average Ctvalues
Genes  8d Control 8dTest 16d Control 16d Test 24d Control 24d Test

GATA 31.71 30.17 31.26 33.19 28.79 31.15
TNNT2 25.43 25.79 24.03 26.46 27.17 28.73
MYL2 26.31 27.365 25.72 26.71 25.67 26.87
MYH6 23.46  24.365 25.535 25.8 23.865 24.89
GJA1 25.4 24.22 25.07 26.77 24.12 24.09
GAPDH 16.07 15.16 15.35 17.81 14.21 15.26

Supplementary Table 2: Average Ct values of Cardiac specific genes represented in Supplementary Figure S5.

IPL/TNNIE 2 Lo 4 —=— IP3/TNNT 2 High

Supplementary Figure S6: Representative fluorescent micrograph images of cardiac Troponin T distribution in

induced cells. IP3 induced cells with a more frequent distribution of Cardiac Troponin T (TNNT2) expression (red)

Cardiology and Cardiovascular Medicine Vol. 4 No. 6 — December 2020. [ISSN 2572-9292] 676



Cardiol Cardiovasc Med 2020; 4 (6): 646-678

strategy (magnification — 20x).

DOI: 10.26502/fccm.92920161

(B) as compared to IP1 induced cells (A) indicating more efficient cardiac lineage induction using IP3 induction

Percentage of
IP1 No.of | No-Of INNT2 [ nunrs
: stained 3 Average SD
Induction nucleus/field cells/field stained
cells/field
Sample 1 51 10 19.60
Sample 2 59 6 10.16
Sample 3 a4 10 22.72
Sample 4 57 8 14.03 152 i

Supplementary Table 3: The yield of cardiac Troponin T expressing cells in IP1 culture

Percentage of
IP3 Induction ool " s(:fa;lr-\r:gT 5 TNNT . Average SD
nucleus/field cells/field stained :
cells/field
Sample 1 42 17 4047
Sample 2 46 35 76.08
Sample 3 46 37 80.43
Sample 4 50 24 18 b1 1995

Supplementary Table 4: The yield of cardiac Troponin T expressing cells inlP3 culture
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IP3:CML-CFL-8d
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Supplementary Figure S7: Phase-contrast images of the morphology of cells upon co-culture. CML-CFLs and
CML-CFL-ELCs cultured on fibrin matrix at 8d of differentiation. Un-induced pADMSCs cultured on bare TCPS

was used as the control (magnification — 20x).

Donor1-8 Ave Ct values

33.06 3153 31.35 3131
30.53 26.89 26.84 27.84
34.77 32.84 32.43 3159
28.84 28.47 27.68 28.91
3117 25.57 25.3 26.11
22.48 19.73 19.5 18.7

281 23.21 22.81 23.44
26.04 21.76 20.83 24.91

Ct values

3151 30.46 30.64 30.62
28.92 25.78 26.67 25.79
32.29 32.55 33.04 33.27
28.47 28.32 28.29 28.61
26.84 23.34 24.6 25.05
20.85 19.36 15.85 19.51
25.94 22.85 23.54 22.92
24.23 22.02 21.83 22.65

Donor3-8d Average Ctvalues

33.47 32.98 33.45 33.42
28.18 28.4 28.32 27.67
31.53 318 31.66 30.51
30.85 30.44 30.78 31.03
2571 25.88 26.18 25.03
19.79 19.46 19.61 18.06
22.09 22.23 22.45 21.74
2171 21.62 21.82 21.36

Supplementary Table 5: Average Ct values of Cardiac specific genes represented in Figure 3.
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