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Immunosuppressants Tacrolimus and Sirolimus revert the cardiac
antifibrotic properties of p38-MAPK inhibition in 3D-multicellular human
e rE e | iPSC-heart organoids
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Cardiac reactive fibrosis is a fibroblast—derived maladaptive process to tissue
injury that exacerbates an uncontrolled deposition of extracellular matrix (ECM)
around cardiomyocytes and vascular cells, being recognized as a pathological entity
of morbidity and mortality. Reducing reactive fibrosis is important for the
prevention of excessive and inappropriate cardiac function, particularly after
cardiomyocyte death due to cardiac injury and heart transplantation. Yet,
preclinical studies on fibrosis treatment require human physiological approaches
due to the multicellular crosstalk between cells and tissues in the heart. This study
leveraged an induced pluripotent stem cell (iPSC)-derived multi-lineage human heart
organoid (hH0) as a preclinical model to evaluate drugs for effective treatment

reducing cardiac fibrosis and preventing progression of heart failure.

Cardiac fibroblasts (CFs) reactivation and differentiation into myofibroblast is
the key process of cardiac fibrosis. TGF- 1 is the primary driver of myofibroblast
activation in fibrosis. When this pathway is constantly active, it results in a
continuous switch to express Collagen type I a1l (COL1A1), which is the main
component of ECM deposits. This effect is finely controlled through interleukin-11
(IL-11) signaling. This study systematically explored cardiac fibroblasts activated
upon TGF— 1 treatment and found activation of RAS pathway in cardiac fibroblast
is intrinsically associated with COL1Al production, particularly through its
downstream axes, PI3K/AKT/mTORC1, Calcium signaling, and p38-MAPK pathways.

To explore RAS signaling activation in the context of cardiac fibrosis, this research
investigated the inhibition of different downstream axes of RAS in activated CFs
upon TGF- 31 stimulation. The PI3K/AKT/mTORCI signaling was inhibited by Sirolimus
and Calcium signaling was inhibited by Tacrolimus (TAC). Both inhibitors are also
common immunosuppressants used in patients who received organ transplantation.
p38-MAPK signaling was inhibited by SB202190, a selective inhibitor of p38a/ 3
isoforms. In cardiac fibroblasts, SB202190 and Sirolimus reduced COL1A1 upon TGF— 1
stimulation, respectively. Next, the combination of SB202190 with the
immunosuppressors was tested to see if it could foster the reduction of ECM
production. Interestingly, the combined therapy of SB202190 with either TAC or

Sirolimus had a profound impact on reducing COL1Al expression.

However, experiments in hHO model showed this efficacy is reverted and worsened when

TGF-B1 treated organoids are supplemented with SB202190 together with
immunosuppressors. The sole usage of fibroblast cell line to study cardiac fibrosis
could foster a bias of an oversimplified model that excludes fibroblast
heterogeneity and the multicellular nature of human heart. This study addressed this
problem by studying cardiac signaling in an iPSC—derived hHO model composed of
organoid derived cardiac fibroblasts, cardiomyocytes, endothelial cells,
endocardial cells and epicardial cells. In hHO, whereas Sirolimus showed reduced
concentrations of COL1Al in CFs, this phenotype is lost, leaving SB202190 as the
only compound that effectively reduced TGF-f1 driven COLIAl expression. The
antifibrotic efficacy of combo treatment were also tested in hHO model and found
massive ECM depositions upon pathological stimulation with TGF-pf1. The SB202190
antifibrotic effects were reverted by  the concomitant treatment with the
immunosuppressors TAC and Sirolimus. IL-11 levels were rescued, and a severe
fibrotic reactivation was found correlative to restoration in phosphorylated levels
of p38, suggesting that immunosuppressants might influence non—fibroblast
populations and secretory phenotypes contributed to non—cell-autonomous effects in

cardiac fibrosis.

The human organoid platform enables multicellular crosstalk between cells in the
heart, solving the bias to study cardiac fibroblast in isolation. This study reports
a reliable preclinical model for evaluating drug cardiotoxicity and assessing
cardiac fibrosis phenotypes in 3D hHOs derived from human iPSCs, endorsing their
preclinical value, and exploring imperative roles of the heart microenvironment in
response to treatments, opening new questions and highlighting the importance of

the development of precision medicine in cardiovascular research.




(R LBREDOHFEOER)
AR HE IR, RS 1T o3 2 AR HE 2RI AL Fh Sk O3 G 77 1 ' R D3 1IR3 {8
23, DA SO I A o R BE I KR EOMiast~ v U v 7 2 (ECM) Ak
BETDH, BERLETROSEVFREL LTS TW5S, A7 TIL, TGF-
B 1 AT L o TIEMEAL S 4 2 O AR HME 2 M A 2 SRR LA L L /O RR e 2
fulZ3k1F %5 RAS BREDIEMHLN, HICEZD TR 7T AVRKETH D
PISK/AKT/mTORC1, H/v> 7 L7 F 0, BEO p38-MAPK #1471 L C.
ECM ik EW DO ER D ThHhH 12T —5 a1l (COL1A1) OFBLFHIIZES
3oz a2/ L7c, LU, DIESRHEL OV IZ B3 5 AilRgE R A S8 T,
DIE O M- R O Z MR 7 v 2 b — 27 1St 5 b MMEFSEHNT T —
TFNRRETHD, 22T, RFETIE, BEREOLEMEL DRSS E B
1PS MiRH D DA VT 7 A REIEH LT, 3AIO LR Z M L, O lE#
ML DR B A G- 5 7= D ORIERIKE T VO EBEEZF T, DAV T A
Rz W T p38-MAPK ¥ D FHE X COL1A1 O3B 2 H E I S ¥ 255,
IEE B S EffliFl chr 27 n ) aAxEiFr ) A2 (RAS
DTFHEBRBEHLET D) LOFRABRITIZODREITBH L, L EOMZEIE
DA MEAL I 3 1T 2 MIBL I AE BAE R OFTED ATEEME 2 e L, Nas AR O R
HEALIERIEOBRRBICH 5T D L ZANE,

L7EERoT, RamiIfit (& % ) oFfiimXe LTiifEd 2 b
DERD D,

ek, ARG HREEIL. S 6 £ 1 A 29 HEMOZGHIN
B Lk 220, AR bhlcbDTH D,

e

}

ZEABAATHER - &£ A H LU




