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Epicardium undergoes EMT and
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Approach in the Sinha lab: hPSC-derived epicardium
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RESEARCH ARTICLE

TECHNIQUES AND RESOURCES

Robust derivation of epicardium and its differentiated smooth
muscle cell progeny from human pluripotent stem cells

Dharini lyer, Laure Gambardella, William G. Bernard, Felipe Serrano, Victoria L. Mascetti, Roger A. Pedersen,

Amarnath Talasila and Sanjay Sinha*

ABSTRACT

The epicardium has emerged as a multipotent cardiovascular
progenitor source with therapeutic potential for coronary smooth
muscle cell, cardiac fibroblast (CF) and cardiomyocyte regeneration,
owing to its fundamental role in heart development and its potential
ability to initiate myocardial repair in injured adult tissues. Here, we
describe a chemically defined method for generating epicardium and
epicardium-derived smooth muscle cells (EPI-SMCs) and CFs from
human pluripotent stem cells (HPSCs) through an intermediate lateral
plate mesoderm (LM) stage. HPSCs were initially differentiated to LM in
the presence of FGF2 and high levels of BMP4. The LM was robustly
differentiated to an epicardial lineage by activation of WNT, BMP and
retinoic acid signalling pathways. HPSC-derived epicardium displayed

reciprocal exchange of paracrine factors between the epicardium and
the underlying myocardium promote development of coronary
vessels and cardiomyocytes (Wessels and Perez-Pomares, 2004).
An emerging paradigm proposes that re-activation of the embryonic
developmental program in injured adult epicardial tissues by ectopic
signals can mediate epicardium differentiation towards cardiogenic
fates or enhance the existing level of signalling activity within the
epicardium (Smart et al., 2007). Thus, an in vitro model that
recapitulates the key events regulating early lineage commitment to
epicardium and its derivatives would facilitate efficient and
reproducible generation of highly enriched vascular cells for
potential applications in vascular disease modelling, drug screening
and construction of bioengineered cardiac grafts.
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First unbiased PCA showed no structure



First unbiased PCA showed no structure
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PC2 2.4 %

Batch effect is the main factor of variation

Before batch correction After batch correction

All epi (red=1st exp, blue and green=2nd exp) PCA, batch corrected (red= EPI1, green=EPI2, blue=EPI3, cyan=LPM)

1) L ®
™ e B
i * e 0° Ll . )
° ® ° o . .0'000‘ ..‘. ¢ : o o : ® .
a
° ¢ ®. °® 4 e @ o’ ..%. '0:. o *0
° o o ® ey ¢ Pn L °F . ° ()
N . * v g o ..2:3 Jo ."... ) ..: .: : e .
. [ ° o ..... ...~ d <0 © 7 & ‘ ® =... e [
e e e R j oo e
= s . .:..:'. «*? ‘gt 2% o e 2 ¥ .'
e o-» » ] [ ] L
P &oi..‘f’.. * e o. ¢ 8 * % de .0’0 ° . ®
® ‘.‘ ‘ .' [ ] b ® ] @ : :'
- [ ]
...‘. O.‘:.o o o ° E’p— ¢ .:%-' ® *
‘s .'- ® ¢ ® . ee®® > 2
e o . . T
| ”»
I ] d ‘ ¢ ¢ L R [ ]
* *
-150 -100 50 o 280/ 50 100 50 0 50 100

PC125%



PC22.4 %
0.00
L

0.10

Engineered epicardium contains two subpopulations

0.05
Il

-0.05
L

PODXL
Epithelial
€oH3 signature
WT1
Mesenchymal
. THBS1
signature  _;
-0.‘01 0.60 O.|01 0.62 O.bS
PC125%

PC224 %

PC22.4%

50

PC125%

. .{ 5~£..1'. ': ‘ i'
... ‘o.:. l"’-z .
L] J .
£ ol
e § * . .
.....:.:..‘ L] .
..':-:'. [ ::
S wm
: 'ls: 3 L AR - .l
..t .Q.‘:.! ;.:- [ ] ‘. -
J ol '%.’: .
£ TCF21
50 0 50 100

Il high



Engineered epicardium contains two subpopulations
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Engineered epicardium contains two subpopulations
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WT1Meh population included in the BNC1"¢" at protein level




Genes correlating with BNC1 anti-correlate with TCF21
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Validation in human samples (fetal 8 weeks)
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MRNA normalised as % to control
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BNC1 KD favours CF differentiation

TET

R 8 ® ©°

(0 32 abeueaRd 3y 03 pasifeuLIou)
c1de s|Po,d4930%



Lateral Plate Mesoderm

TCF21Mah/BNC1'ow » TCF21"°v/BNC1hih
\/ \/
Coronary

Cardiac fibroblasts smooth muscle cells



GENIE3 Marbach et al 2012

- - - Community -

Overall
score

DREAM XX

powered by Sage Bionetworks

12345678 12345 123 123456 12345678 12345 CR
Regression MI  Corr. Bayes Other Meta

©AA

Y|X)P

X X|Y=i

I(X,Y) = — H(X|Y) P(X|Y) =

D (Xi = X)(¥i — Y)

dz; = .
\/E X X \/Z )2 ? = ;amJJJ

Le Novere et al 2015



CLR (mlnet)

undirected

"Emfl Isliv,1
"I=11 El‘lIl" 1

1.

1.
11
11,

,11..

l"

Mizlil
TZhth
1 rr 1 I_I

10.
1|

,llil.r

dr,10.

"1

] 1”
1||

GENIE3

finteraction nawme™, "weight™, "rank"”

"Camta

"Ldbhl Me

"Egr l:Eg :
MNr

wdli™, 0 II41_-_

t.l:n".-‘n:'."; 0.0414589
rgh,0.04144
L0.0410740

directed



Combine

Filter Threshold

v,
TR, O

C
_Tub",0.055

Strongest
100 influences
For each bait

vertices containing
BNC1 or WT1 or TCF21
and
A transcription factor




=100
-50

B°

Cardiac

fibroblasts
CFO

PC3 =
differentiation

100

50

SMC from LPM

150
100

PC1 = cultures
vs adult tissues

50

50 PC2 = lineage



SMAD3_ ZNF574
ZFP36L2  ZNFai SMARCC1 NFE2L2

SNAI2  OSR{ EPAST
ZNF423
ZNF85A .HESG TCF4_ " PURA" ~ ZNF114

ZNF608
B YEATS4
HTF1
ZBTB33

ZSCAN2
SALL4
ZNF627
ZBTB47 i
oy STAT6
HIVEP1 e
s ZNF460
TEAD1 ,/ bt
NCOA3 )/ =
P53 DPF3 /‘4
USF1 /

GABPB2
ATRX

NCOA4
ZNF791

NR2F6 / "'
SMAD6 , /
7

é’
’/&W A Mo 2ws

GLIS2 "’/'“ ' / : // IEIS SF?FL{::z
RBM22 ’:‘%“" , ¢ .// ’ g g I | _‘ : \ \

HOXB3
NFAT5

GCFC2

ZNF644

=
e

ZNF641

Y/ NR1D2
ZFPM2 ’/s
\

ZEB2

ARID5B
e \ \ PHF5A
ZNF160 \\ ) poit3
x\ ZNF337
= &\ ZNF277
RERE ./\ZB{*CR \\W7/ o
iy | = ZNF787
ZFP41 S T /_‘Q*‘*, NR2C2 ..ATF4
s @ __——— %A AHRR Sni—f—Af 7/

L3MBTL2

ETV5
Alear ZNF581
MLLT11

———

g/i/%;///// it "FINFT78 pxap NFATG CREM @ 2nF708
o= 1/7///77////// Qv
ZNF514 () ZNF133

cers A2. /;// ZFP64

GATA4
NF625

ZSCAN18
TOX3
EZH1

S ey

CEBPD
ZSCANS0



©PLOS | senerics

Seredenpity

May 2017

RESEARCH ARTICLE

TCF21 and the environmental sensor aryl-
hydrocarbon receptor cooperate to activate a

pro-inflammatory gene expression program
in coronary artery smooth muscle cells

Juyong Brian Kim"2*, Milos Pjanic'-2*, Trieu Nguyen', Clint L. Miller'-2, Dharini lyer',
Boxiang Liu®, Ting Wang', Olga Sazonova', Ivan Carcamo-Orive', Ljubica Perisic Matic?,

Lars Maegdefessel?, Ulf Hedin?, Thomas Quertermous’-?*

Ahr = dioxin receptor
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AHR inhibition suppresses CF differentiation
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Revealing New Mouse Epicardial Cell Markers through
Transcriptomics
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Lazzaro>, Nadia Rosenthal’?

1 Mouse Biology Unit, European Molecular Biology Laboratory, Monterotondo, Italy, 2 Harefield Heart Science Centre, Imperial College London, London, United Kingdom,
3 Istituto di Ricerche di Biologia Molecolare P. Angeletti SpA, Pomezia, Italy, 4 Cardiovascular Development Biology Department, Centro Nacional de Investigaciones
Cardiovasculares - CNIC, Madrid, Spain

Abstract

Background: The epicardium has key functions during myocardial development, by contributing to the formation of
coronary endothelial and smooth muscle cells, cardiac fibroblasts, and potentially cardiomyocytes. The epicardium plays a
morphogenetic role by emitting signals to promote and maintain cardiomyocyte proliferation. In a regenerative context, the
adult epicardium might comprise a progenitor cell population that can be induced to contribute to cardiac repair. Although
some genes involved in epicardial function have been identified, a detailed molecular profile of epicardial gene expression
has not been available.

Methodology: Using laser capture microscopy, we isolated the epicardial layer from the adult murine heart before or after
cardiac infarction in wildtype mice and mice expressing a transgenic IGF-1 propeptide (mIGF-1) that enhances cardiac
repair, and analyzed the transcription profile using DNA microarrays.
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