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Abstract 

Direct conversion of cardiac fibroblasts (CFs) to cardiomyocytes (CMs) in vivo to regenerate heart tissue is an attrac-
tive approach. After myocardial infarction (MI), heart repair proceeds with an inflammation stage initiated by 
monocytes infiltration of the infarct zone establishing an immune microenvironment. However, whether and 
how the MI microenvironment influences the reprogramming of CFs remains unclear. Here, we found that in 
comparison with cardiac fibroblasts (CFs) cultured in vitro, CFs that transplanted into infarct region of MI mouse 
models resisted to cardiac reprogramming. RNA-seq analysis revealed upregulation of interferon (IFN) response 
genes in transplanted CFs, and subsequent inhibition of the IFN receptors increased reprogramming efficiency in 
vivo. Macrophage-secreted IFN-β was identified as the dominant upstream signaling factor after MI. CFs treated 
with macrophage-conditioned medium containing IFN-β displayed reduced reprogramming efficiency, while mac-
rophage depletion or blocking the IFN signaling pathway after MI increased reprogramming efficiency in vivo. Co-IP, 
BiFC and Cut-tag assays showed that phosphorylated STAT1 downstream of IFN signaling in CFs could interact 
with the reprogramming factor GATA4 and inhibit the GATA4 chromatin occupancy in cardiac genes. Furthermore, 
upregulation of IFN-IFNAR-p-STAT1 signaling could stimulate CFs secretion of CCL2/7/12 chemokines, subse-
quently recruiting IFN-β-secreting macrophages. Together, these immune cells further activate STAT1 phosphoryl-
ation, enhancing CCL2/7/12 secretion and immune cell recruitment, ultimately forming a self-reinforcing positive 
feedback loop between CFs and macrophages via IFN-IFNAR-p-STAT1 that inhibits cardiac reprogramming in 
vivo. Cumulatively, our findings uncover an intercellular self-stimulating inflammatory circuit as a microenviron-
mental molecular barrier of in situ cardiac reprogramming that needs to be overcome for regenerative medicine 
applications.
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Introduction
Conditions related to heart failure, such as myocardial 
infarction (MI) or hypertensive heart disease are among 
the most physically devastating and globally prevalent 
health threats (Ambrosy et al., 2014; Molero-Díez et al., 

2019). After heart injury, the vast majority of cardiomy-
ocytes (CMs) in the infarct zone undergo irreversible 
necrosis (Laflamme and Murry, 2005) and the infarct 
zone is subsequently converted to fibrotic scar tissue 
populated with cardiac fibroblasts (CFs) (Talman and 









910  |  Wang et al.

P
ro

te
in

 &
 C

el
l

Figure 2.  Downregulation of Ifnar2 enhances cardiac reprogramming efficiency in vivo. (A and B) Schematic diagram of MICFs 
infected with MGT, eGFP and shIfnar2  or shNT transplanted into C57BL/6 mouse hearts (A). Experimental workflow of MICFs 
transplantation, time window for immunosuppressant cocktail (TMM) and Dox administration (B). (C and D) Representative IF images 
for α-actinin, cTnI, and GFP after transplantation of MICFs expressing MGT and shIfnar2 or  shNT into MI hearts 4 weeks (C), with 
quantification of the percentage in (D). Red arrow indicates α-actinin+cTnI− iCMs, Yellow arrow indicates α-actinin+cTnI+ iCMs, n = 6. 
(E) eGFP+ cells were eliminated by immune cells after 4 weeks in C57BL/6 hearts, whereas it remained up to 4weeks in C57BL/6 mice 
injected with TMM per day, n = 4. (F) Experimental workflow of virus injection, timeline for immunosuppressant cocktail (TMM), Dox 
and tamoxifen (TAM) administration. (G) Schematic diagram depicted optimized lentivectors allowed co-infection with MGT-HA (HA 
fusion expression with TBX5) and shIfnar2  or shNT based on Tet-on system. (H) Representative IF images for HA on MICFs infected 
with MGT-HA and shIfnar2-rtTA  or MGT-HA, n = 3. (I and J) Representative IF images for tdTomato, HA and cTnI after injection of 
LV-MGT-HA and LV-shRNA-rtTA into Col1a2CreER/R26-tdTomato MI hearts 4 weeks (I), high magnification views in insets show z stack 
for HA tdTomato and cTnI positive iCMs, with quantification of the percentage in (J), n = 4. All data are presented as the means ± SD. 
The unpaired t-test was used to determine the significance of differences between two groups. ns, not significant, *P < 0.05, **P < 0.01, 
***P < 0.001, Scale bars, 100 μm (E = 1000 μm and high magnification views in G = 50 μm). See also Fig. S3.


