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Reviewer #1: 
 
General comments: 
 
Comment: In the submitted manuscript, Mia et al. investigate the functions of YAP/TAZ in 
myeloid cells following myocardial infarction. Using a bone marrow-derived macrophage model 
of macrophage differentiation, the authors provide evidence that YAP/TAZ are necessary and 
sufficient for optimal expression of genes associated with inflammatory responses (M1) and 
suppression of genes associated with a reparative (M2) macrophage phenotype. 
Mechanistically YAP/TAZ promoted inflammatory gene expression by directly binding to the 
IL-6 promoter and augmenting TLR4 signaling through a MAPK dependent pathway and 
impaired Arg1 expression (M2 marker) by interacting with the HDAC3-NCoR1 repressor 
complex. The authors explored the roles of YAP/TAZ in myeloid cells using an experimental 
mouse model of coronary ligation. Loss of YAP/TAZ in myeloid cells resulted in improved LV 
systolic function, reduced fibrosis, and increased coronary angiogenesis. Conversely, YAP 
activation led to exaggerated post-MI LV remodeling and increased myocardial fibrosis. The 
authors provide further evidence that manipulation of Hippo signaling in myeloid cells 
influenced macrophage gene expression. Overall, this manuscript is well written and the data 
are clearly presented. The finding that YAP/TAZ influence macrophage gene expression and 
potentially monocyte differentiation are novel and interesting.  
 
Response: We would like to thank the reviewer for his/her positive evaluation of our 
manuscript. 
 
Specific comments: 
 
Comment: What is the biologically relevant signal that controls activation of YAP/TAZ in vivo? 
The authors provide data that macrophage activating stimuli (LPS/IFNg and IL4/13) result in 
increased YAP and TAZ mRNA and protein expression. Do the authors believe that modulation 
of YAP/TAZ expression is sufficient to control hippo signaling? As YAP/TAZ exert their effects 
within the nucleus, the authors should consider measuring nuclear YAP/TAZ protein 
abundance using fractionated cell preparations (nucleus vs. cytoplasm). The authors also 
comment on increased in phosphorylated YAP. It would be more ideal to measure non-
phosphorylated YAP, which is the active form within the nucleus. 
 
Response: In the revised manuscript we show that hypoxia is one of the biological signals 
that can activate YAP/TAZ in macrophages. However, we cannot rule out other signals that 
may also activate YAP/TAZ in vivo. These results have been included in the revised 
manuscript (Supplementary Figure 16).     
 
YAP/TAZ are the mediator of the Hippo signaling pathway and not the regulator. The canonical 
Hippo pathway is a kinase cascade, wherein Mst1/2 kinases and Sav1 form a complex to 
phosphorylate and activate Lats1/2. Lats1/2 kinases in turn phosphorylate and inhibit the 
transcription co-activators YAP and TAZ, two major downstream effectors of the Hippo 
pathway. When dephosphorylated, YAP/TAZ translocate into the nucleus and interact with 
Tead1-4 and other transcription factors to induce gene expression. In the non-canonical Hippo 
pathway, activated Mst1/2 also phosphorylate substrates outside of the canonical Hippo 
pathway. The canonical/ non-canonical regulation of upstream and downstream components 
of the Hippo pathway might lead to alternative cellular outcomes during cardiac 
regeneration/repair. For instance, stress-induced activation of Mst1 leads to phosphorylation 
of Lats2, which form the canonical Hippo pathway together with YAP, and regulate cell 
proliferation (Heallen et al., 2013; Xin et al., 2013; Xin et al., 2011). Importantly, activated Mst1 
also phosphorylate substrates outside of the canonical Hippo pathway, such as Bcl-xL proteins 
in the mitochondria, and promote cell death (Odashima et al., 2007; Yamamoto et al., 2003). 
Changes in the expression of YAP/TAZ suggest that the canonical pathway is affected during 
polarization. Previous work has demonstrated that deletion of upstream Hippo kinases Mst1/2 
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in myeloid cells leads to elevated expression of inflammatory genes including IL6 in a cecal-
ligation-and-puncture (CLP) model of septic peritonitis (Geng et al., 2015). Here the focus of 
our study was to determine the role of Hippo signaling mediators YAP/TAZ in post-MI cardiac 
remodeling by modulating macrophage polarization.  
 
We have prepared nuclear and cytoplasmic fractions using BMDMs and analyzed YAP, pYAP, 
and TAZ expression. These results are consistent with the previous observation that YAP/TAZ 
expressions are elevated during macrophage polarization. These results have been included 
in the revised manuscript (Supplementary Figure 1).  
 
Comment: The authors conclude that YAP/TAZ potentiate inflammatory macrophage gene 
expression through two potential mechanisms: directly binding to the IL-6 promoter and 
augmentation of TLR4/TAK1/MAPK signaling. What is the relative contribution of each of these 
mechanisms? Does YAP/TAZ bind to the promoter of other inflammatory chemokines and 
cytokines that are regulated by YAP/TAZ? Does activated YAP potentiate TLR4 signaling in a 
TAK1/MAPK dependent manner? Functional data implicated the relative importance of these 
pathways are lacking. What is the mechanism by which YAP/TAZ influences 
TLR4/TAK1/MAPK signaling?  
 
Response: We found that there was a significant reduction of phosphorylated Tak1 protein 
level in YAP/TAZ-dKO BMDMs after 15 minutes of LPS/IFNg treatment (Figure 3B). Next, we 
tested the key components of MAPKs and observed significant but transient (only at 15 
minutes time point) reduction in the levels of phosphorylated JNK, p38, and Erk1/2 in 
YAP/TAZ-deficient macrophages upon LPS/IFNg stimulation. To determine the relative 
contribution of these two potential mechanisms regulating IL6 expression, we performed 
luciferase assay using IL6 reporter co-transfected with YAP plasmid in the presence or 
absence of Hippo signaling inhibitor verteporfin (VP) or MAPK inhibitor SB203580 
(Supplementary Figure 8B-C). We observed a mild reduction in the luciferase activity in the 
presence of SB203580. In contrast, VP completely blocked the YAP medicated IL6 activation 
suggesting that direct regulation of IL6 by YAP may play a dominant role compared to the 
MAPK pathway in mediating IL6 activation (Supplementary Figure 8B-C).  
 
We see that changes in the TLR4/TAK1/MAPK signaling pathway are only transient. 
Quantification of western blot showed that changes are only significant at 15 minutes timepoint. 
Similarly, the luciferase data with MAPK inhibitor also showed minimal effect suggesting that 
the MAPK pathway has a limited role to play in YAP/TAZ mediated M1 macrophage 
polarization. 
 
We have analyzed only some of the inflammatory gene's promoter in this study and identified 
multiple Tead binding sites within the 2kb IL6 promoter and that's why we have focused on it. 
However growing evidence suggests that many inflammatory genes are directly regulated by 
YAP/TAZ in immune cells as well in other cell types (Matsushita et al., 2019; Ramjee et al., 
2017; Zhou et al., 2019). For example, TAZ directly binds to IL1b promoter and regulates its 
expression in Malignant mesothelioma cells (Matsushita et al., 2019). We have previously 
shown that YAP can directly bind and activate the IFNg promoter in epicardial cells (Ramjee 
et al., 2017). We have also found that IL33 is a direct YAP/TAZ target in cardiac fibroblast 
(Unpublished observation).  
 
Comment: The authors conclude that YAP/TAZ inhibits Arginase1 expression through an AKT 
dependent pathway that involves recruitment of the HDAC3-NCoR1 repressor complex to the 
arginase promoter. Functional data implicating AKT signaling is lacking. Does inhibition of AKT 
prevent assembly of this repressor complex? What is the mechanism by which YAP/TAZ 
deficiency augments AKT signaling? The HDAC3 siRNA experiments are not informative. A 
more ideal experiment would be to prevent the interaction between YAP and HDAC3. 
 



 3 

Response: We would like to clarify that we did not conclude that YAP/TAZ inhibits Arginase1 
expression through an AKT dependent pathway that involves recruitment of the HDAC3-
NCoR1 repressor complex to the arginase promoter. Activated PI3K/AKT pathway has also 
been recognized as an essential step towards M2-like polarization as its inhibition abrogates 
the upregulation of M2 polarization genes (Ruckerl et al., 2012). We, therefore, analyzed the 
levels of phosphorylated AKT in control and YAP/TAZ-dKO BMDMs treated with IL4/IL13. We 
observed a significant increase in phosphorylated AKT level in YAP/TAZ-deficient 
macrophages (Figure 4C). We show that YAP can physically interact with the HDAC3-NCoR1 
complex and repress Arg1 promoter activity. We believe that changes in AKT levels just 
represent the M2 status of the macrophages after IL4/IL13 treatment. We have modified the 
text to reflect this in the revised manuscript. Overall, all the results presented in Figure 4 
suggest that YAP/TAZ deficiency promotes M2 polarization. 
 
To further strengthen our data on YAP-HDAC3-NCoR mediated repression of Arg1 
expression, we have performed multiple additional experiments and included the data in the 
revised manuscript. We demonstrate that the repressive response to Arg1 promoter-luciferase 
activity was further enhanced when HDAC3 was co-expressed together with YAPS127A (a 
constitutively active form that remains in the nucleus and is transcriptionally active) compared 
to YAP (Figure 4K). We have also performed additional experiments to address the structural 
vs enzymic role of HDAC3 in the repression of Arg1 and included them in the revised 
manuscript. We observed that Vorinostat or Scriptaid treatment abolished the YAP-HDAC3 
mediated repression of Arg1 (Figure 4O-P). Both Vorinostat or Scriptaid are known to affect 
both protein expression as well as the deacetylase activity of HDACs including HDAC3 
(Banerjee et al., 2018; Meng et al., 2020; Sun et al., 2017). To further support our findings that 
the enzymatic function of HDAC3 is not essential for HDAC3-mediated repression of Arg1, we 
utilized an HDAC3-specific inhibitor RGFP966. In multiple biological systems, RGFP966 has 
been shown to affect the deacetylase activity of HDAC3 but not the protein expression (Leus 
et al., 2016; Suelves et al., 2017). We observed that RGFP966 treatment did not affect the 
YAP-HDAC3 mediated repression of Arg1 (Figure 4Q). To further demonstrate that the 
deacetylase activity of HDAC3 is not required for Arg1 repression, we utilized a previously 
described mutant form of HDAC3 in which two highly conserved tandem His residues, 134 and 
135, are mutated to alanine (HDAC3H134A, H135A). These mutations do not affect its expression, 
chromatin recruitment, and interaction with NCOR1; however, they render HDAC3 completely 
inactive (Lewandowski et al., 2015; Sun et al., 2013). We observed that HDAC3H134A, H135A 
mutant was able to repress the Arg1 reporter similar to HDAC3 suggesting that the deacetylase 
activity of HDAC3 is not required for Arg1 repression (Figure 4R).   
 
Comment: The experiment myocardial infarction studies show clear and consistent 
phenotypes. However, the use of Lyz2-Cre is an important limitation as it is active in all myeloid 
cells including granulocytes. Thus, it is not possible to conclude that YAP/TAZ deficiency in 
monocytes and macrophages is responsible for the observed phenotypes. As many 
neutrophils are recruited to the heart following myocardial infarction, the authors should either 
use more selective Cre recombinases or provide evidence as to whether YAP/TAZ influence 
neutrophil phenotypes. 
 
Response: We have performed immunohistochemistry for Myeloperoxidase (MPO) on control 
and YAP/TAZ-dKO infarcted heart sections at 2 days post-MI. The number of MPO positive 
cells was determined in ≥5 distinct microscope fields for each heart section. At least four hearts 
were analyzed for each group. No differences in neutrophils recruitment were observed 
between control and YAP/TAZ-dKO group (Supplementary Figure 15A). Also, we also 
performed transwell migration assay using control and YAP/TAZ-dKO neutrophils. Cells that 
had migrated to the lower chamber of the transwell plate were visualized by MPO 
immunostaining. No difference in the number of migrated MPO+ cells was observed between 
the control and YAP/TAZ-dKO group (Supplementary Figure 15B). In addition to our findings, 
previous reports have demonstrated that the deletion of YAP using Lyz2-Cre does not affect 
neutrophils. The depletion of neutrophils did not affect the inflammatory phenotype observed 



 4 

(Zhou et al., 2019). In another study, authors demonstrated that YAP/TAZ double mutant bone 
marrow cells gave rise to differentiated cells of the myeloid and lymphoid lineages with the 
same efficiency of control bone marrow cells suggesting that YAP/TAZ are dispensable for 
adult hematopoiesis (Donato et al., 2018).  
 
Comment: Presented echocardiographic data is limited to ejection fraction and fractional 
shortening. Given the asymmetric pattern of injury and left ventricular (LV) remodeling, 
fractional shortening is not an ideal measurement. The authors should include quantitative 
data pertaining to LV ejection fraction, LV diastolic and systolic volumes, and LV mass. 
 
Response: We have included additional quantitative data on LV ejection fraction, End Systolic 
Volume (LVESV), End Diastolic Volume (LVEDV), Stroke Volume (SV), LV mass and 
Fractional Area Change (FAC) (Figure 5 and Supplementary Figure 14).  
 
Comment: To assess whether changes in infarct size are a result of increased initial infarct 
area or infarct expansion, the authors should perform TTC staining within 24-48 hours of 
myocardial infarction to assess initial infarct size in each experimental group. 
 
Response:  
All the animal surgery was performed by an experienced technician (15 years) working at the 
National Heart Centre Singapore. He is also part of the animal core and performs surgery for 
all the laboratories. Nonetheless, to assess the initial infarct size we performed MI and first 
quantified the initial ischemic area in both control and YAP/TAZ-dKO hearts at days 2 post-MI. 
No significant change was observed between the two groups (Supplementary Figure 17A). 
Next, we also analyzed the fibrotic area by Masson's Trichome staining and observed no 
significant difference between the control and mutant groups at days 2 post-MI (Supplementary 
Figure 17B). We have included this data in the revised manuscript.  
 
Comment: Pathological analysis of LV remodeling is limited to measurements of infarct size 
and coronary capillary density. The authors should also include quantification of cardiomyocyte 
cross sectional area within the border and remote zones as well as interstitial myocardial 
fibrosis. 
 
Response: We have performed Masson's trichrome staining on control and YAP/TAZ-dKO 
heart sections post-MI and analyzed as interstitial myocardial fibrosis. We observed a 
significant reduction in interstitial fibrosis in YAP/TAZ-dKO hearts compared to controls after 
MI (Supplementary Figure 18A-B). To determine the cardiomyocyte cross sectional area 
(CSA), we performed WGA staining and quantified the CSA within the border and remote 
zones. We observed a significant reduction in the CSA in YAP/TAZ-dKO hearts compared to 
the controls (Supplementary Figure 18C-D). We also performed qPCR analysis for some of 
the cardiac hypertrophy marker genes and found that the levels of Nppa, Nppb, and Myh7 
were reduced in YAP/TAZ-dKO hearts compared to the controls (Supplementary Figure 18E).  
 
Comment: A key conceptual limitation of this manuscript is the focus on M1 vs. M2 
macrophages. This is an outdated classification of macrophages that is derived from in vitro 
polarization studies. A more modern view is that monocytes have the capacity to differentiate 
into a variety of macrophage subtypes with phenotypes that range between the extremes 
formulated in the M1 and M2 designations. Markers of in vitro derived M1 and M2 
macrophages rarely coincide with in vivo populations. Furthermore, the heart contains both 
resident macrophages and recruited monocyte-derived macrophages that are not described 
by the M1/M2 classification. While the authors mRNA expression data evaluating macrophage 
gene expression are informative, the quantification of NOS2+ and CD206+ macrophages is 
less helpful. Differences between CD206+ macrophages seem to be driven by 2 outlying data 
points. If the authors wish to make rigorous conclusion regarding monocyte and macrophage 
differentiation, it would be more helpful to partition macrophages into established subsets such 
as CCR2-/LYVE1+ and CCR2+/LYVE1- populations or use single cell RNA sequencing. 
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Response: We agree with the reviewer that monocytes can differentiate into a variety of 
macrophage subtypes and macrophages show a dynamic transition between two polarization 
states, M1 (pro-inflammatory) and M2 (anti-inflammatory). In some pathological conditions, 
macrophages can develop mixed M1/M2 phenotypes (Pettersen et al., 2011; Vogel et al., 
2013). However these states are not well characterized and their independent functions in 
regulating inflammation/repair are not established (Dick et al., 2019; Mouton et al., 2018; Rizzo 
G, 2020). To determine the further M2 subtypes, we isolated BMDMs from control and 
YAP/TAZ-dKO mice and stimulated with/without IL4/IL13 (for M2a) or BSA/anti-BSA immune 
complex (for M2b) or  IL10/TGFβ1 (for M2c) for 24 hours. Real-time qPCR was performed for 
M2a (Ym1 and Cd206), M2b (Il10 and Il1ra), and M2c (Mmp9 and TGFβ) marker genes using 
RNA isolated from control and YAP/TAZ-dKO BMDMs (Supplementary Figure 9). We 
observed elevated levels of these markers suggesting that YAP/TAZ deletion leads to M2 
polarization.  
 
Recent publications from multiple independent cardiac group do not support the comment that 
“markers of in vitro derived M1 and M2 macrophages rarely coincide with in vivo populations”. 
For example, it has been shown that M2-like macrophages (CD206+F4/80+) are present in 
the left ventricular myocardium of adult mice heart at 7 days post-MI. These CD206+F4/80+ 
cells expressed high levels of M2 macrophage markers such as CD206, Ym1, and Fizz1 
(Shiraishi et al., 2016). Likewise, a recent study has defined the macrophage population as 
CD206 negative (M1) or CD206 positive (M2) in post-MI hearts (Barnette et al., 2018). 
Similarly, NOS2+/F4/80+ macrophages were considered as M1 macrophages to determine 
the M1 population in total macrophages (Chen et al., 2018; Peng et al., 2019; Sun et al., 2019; 
Tan et al., 2019; Xu et al., 2016). Gene expression analysis on Isolated macrophages from 
other non-cardiac pathological tissues also demonstrates similarity in in vivo and in vitro M1/M2 
marker genes. We agree with the reviewer however that not all the in vitro markers correlate 
with the in vivo markers (Barnette et al., 2018; Han et al., 2020; Mouton et al., 2018; Rizzo G, 
2020).  
 
We agree with the reviewer that the heart contains both resident macrophages and recruited 
monocyte-derived macrophages in steady-state. However, the majority of the resident 
macrophages are depleted after MI and rapidly replaced by monocytes in the injured heart. 
Post-MI cardiac inflammation and remodeling is primarily driven by infiltrating monocytes 
(Dutta and Nahrendorf, 2015; Epelman et al., 2014; Heidt et al., 2014; Nahrendorf et al., 2007; 
Pinto et al., 2014; Pinto et al., 2012). We are not trying to make rigorous conclusion regarding 
monocyte and macrophage differentiation. Our goal was just to show the relative presence of 
inflammatory and reparative macrophage populations in the control and YAP/TAZ-dKO hearts 
port-MI. We believe this variation in CD206+ macrophage populations is due to sample 
preparation as tissue fibrosis in post-MI can affect the preparation of the single-cell 
suspension. However, the difference between the control and YAP/TAZ-dKO group is highly 
significant. We have revised the text to reflect this.  
 
Our goal was to show that pro-inflammatory genes are down-regulated and anti-
inflammatory/reparative genes are upregulated in YAP/TAZ-dKO. Based on our data and 
recent literature published in multiple competitive journals including PLOS family journals 
(PLoS Biology, PLoS Pathogen, PLoS Computational Biology, Cell Metabolism, Immunity, JCI, 
Science Advances, PNAS, Nature Communications, Cell Reports, JCI Insight, etc.) using 
M1/M2 classification, we thought it will be easier to convey the message following the M1/M2 
classification (Arora et al., 2019; Carestia et al., 2019; Celik et al., 2020; Horhold et al., 2020; 
Liu et al., 2019; Liu et al., 2020; Petty et al., 2019; Sarode et al., 2020; Tuladhar et al., 2019; 
Ueta et al., 2019; Yu et al., 2019; Zhang et al., 2020a; Zhang et al., 2020b; Zhao et al., 2019; 
Zhou et al., 2019). Considering the reviewer's comment, we are happy to use the terms pro-
inflammatory and anti-inflammatory/reparative phenotypes instead of M1/M2.  
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Reviewer #2: 
 
General comments: 
 
Comment: In their paper, Mia et al. show how differentiation of bone marrow-derived 
macrophages (BMDMs) to pro-inflammatory (M1) or anti-inflammatory (M2) macrophages is 
regulated in vitro and after myocardial infarction (MI). After MI, ineffective recovery and 
adverse cardiac remodeling initiate structural and also functional changes in the heart and are 
the cause of developing heart failure. Thereby, a complex inflammation cascade regulates the 
initial pro-inflammatory M1-mediated response as well as the following anti-inflammatory 
response, which is mediated by M2 macrophages and supposed to be the reparative phase. 
The rational of this study was to find new regulators of macrophage polarization and post-MI 
inflammation. The authors concentrated on YAP and TAZ, two central transcriptional co-
factors of the Hippo signalling pathway. They can show that YAP/TAZ expression is increased 
in BMDMs during M1 or M2 polarization and that in YAP/TAZ-dKO mice (Myeloid specific 
YAP/TAZ knock-out), M1 polarization is impaired while M2 polarization is favoured leading to 
reduced fibrosis, increased angiogenesis and improved heart function 28d post-MI. This is 
mediated by interaction of YAP with the IL-6 promotor and the HDAC3-NCoR1 repressor 
complex. These results may render YAP/TAZ as future therapeutically targets in enhancing 
the anti-inflammatory response after MI. The study is well conducted and interesting, although 
the shown interaction of YAP/TAZ with the Hippo signalling pathway is not novel (as already 
mentioned in the references; Zhou et al., 2019). The novelty is the finding that the same 
mechanism is responsible for macrophage differentiation after MI and the YAP/TAZ interaction 
with HDAC3-NCoR1 complex.  
 
Response: We would like to thank the reviewer for his/her positive evaluation of our 
manuscript. 
 
Specific comments: 
 
Comment: Fig. 1A and B: The proposed activation of YAP after LPS/IFNγ stimulation by 
enhanced phosphorylation of S127 is hard to see in the depicted western blots and blots either 
should be changed or removed (Fig. 1A). In addition, the increase in IL-6 expression in BMDMs 
is not convincing. The exposure of the blot showing Actin expression in PMs is too long and 
should be reduced. Expression of IL-10, VEGF or TGF-ß should be shown to exclude 
differentiation to M2 macrophages. Please also include quantification of all Western Blots. 
Comment: Fig. 1E: It would be interesting to see protein expression data of IL-6 and IL-10, 
VEGF or TGF-ß. This could further help to evaluate the differentiation pattern. 
 
Response: We have changed the pYAP, IL6, and b-actin blots in the revised manuscript 
(Figure 1A-B). Also, we have prepared nuclear and cytoplasmic fractions using BMDMs and 
analyzed YAP, pYAP, and TAZ expression (Supplementary Figure 1). These results are 
consistent with the observation that YAP/TAZ are activated during macrophage polarization. 
 
We have further characterized the BMDMs and PMs to determine their differentiation pattern.  
BMDMs and PMs were isolated from wild-type mice and stimulated with/without LPS/IFNγ (M1 
stimuli) for 0, 4, 8, and 12 hours respectively. Western blot analysis was performed for TGFβ 
(M2 marker) using cell lysates of BMDMs and PMs. The relative expression was quantified 
and no significant difference was observed (Supplementary Figure 2A). However, we observed 
a reduction in the RNA levels of Tgfβ and Vegf after 12 hours of treatment (Supplementary 
Figure 2B). These results suggest that LPS/IFNγ (M1 stimuli) does not induce M2 
differentiation. Similarly, BMDMs were isolated from wild-type mice and stimulated with/without 
IL4/IL13 (M2 stimuli) for 0, 4, 8, and 12 hours respectively. Western blot analysis for IL6 (M1 
marker) was performed using cell lysates of BMDMs. The relative expression was quantified 
and no significant difference was observed suggesting that IL4/IL13 (M2 stimuli) does not 
induce M1 differentiation (Supplementary Figure 2C). We did not analyze the expression of 
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IL10 as it is not a good M2 marker as many studies have shown that its expression is induced 
even with LPS/IFNγ (M1 stimuli) treatment (Al-Shaghdali et al., 2019; Baseler et al., 2016; 
Choi et al., 2016; Iyer et al., 2010; Matsumura et al., 2012).    
 
All the blots have been quantified in the revised manuscript.  
 
Comment: Fig. 1C: Results should be shown at least in duplicates and be quantified. There 
is still a significant expression of IL-6 in YAP depleted BMDMs. Does that mean a 
subpopulation of BMDMs nevertheless differentiated to M1 macrophages? This is also 
confirmed by the reduction of M1 marker gene expression by only around 20% compared to 
control siRNA with stimulation (Fig. 1D). Western blot data for Control siRNA without 
stimulation should be included. In general, do the authors have data regarding siRNA mediated 
TAZ downregulation in BMDMs or data showing effects of YAP/TAZ downregulation in PMs? 
Or are the observed effects restricted to BMDMs and circulating macrophages, respectively? 
 
Response: The siRNA experiment presented in Figure 1C was repeated at least 3 times. We 
have quantified all the blots and included the data in the revised figure. YAP is not the only 
regulator of IL6 in macrophages. Our both qPCR and western data suggest that there is a 
significant reduction in IL6 expression in YAP-KD or YAP/TAZ-dKO BMDMs. The expression 
of IL6 or other cytokines is not abolished due to YAP/TAZ deletion. Our findings are consistent 
with recent observations in Bowel and liver diseases (Song et al., 2020; Zhou et al., 2019). In 
unstimulated conditions, YAP expression is very low and it will be impossible to see a 
difference in expression after knockdown that’s why we stimulated these cells (Figure 1A, B, 
D-E). We have provided new data from TAZ knockdown in BMDMs. Consistent with other 
findings we do observe reduced expression of M1 (IL6, IL1b, and Nos2) and increased 
expression of M2 marker genes (Arg1, Ym1, and Fizz1) (Supplementary Figure 3). Our 
findings suggest a role for YAP/TAZ in BMDMs and circulating macrophages. However, work 
from others has shown that the effects of YAP/TAZ deletion are observed in all the 
macrophages. For example, a recent study by Zhou et al demonstrated the role of YAP in PM 
causing Bowel disease (Zhou et al., 2019). Another study demonstrated a similar role for YAP 
in liver Kupffer cells (Song et al., 2020). 
 
Comment: Supp. Fig. 4 and 5: Results showing data of macrophages in an activated state 
would strengthen the hypothesis that Yap/TAZ-dKO did not affect proliferation or migration 
properties of BMDMs. 
 
Response: In supplementary Figures 4 and 5, experiments were performed on activated cells 
(LPS/INFγ treated). We have clarified this in the revised manuscript. Our results that the 
deletion of YAP/TAZ does not affect the proliferation or migration of the activated BMDMs 
(Supplementary Figure 6). Our results are consistent with two previously published papers 
(Donato et al., 2018; Zhou et al., 2019). 
 
Comment: Fig. 3 and 4: Of much interest would be the effect of YAP/TAZ-dKO in BMDMs on 
proliferation and migration. This could include a rescue experiment e.g. with recombinant IL-
6.  
 
Response: We have performed proliferation and migration assay and found that the deletion 
of YAP/TAZ does not affect the proliferation or migration of the BMDMs (Supplementary Figure 
6). Our results are consistent with two previously published papers (Donato et al., 2018; Zhou 
et al., 2019). We do not think that inflammatory changes seen due to YAP/TAZ deletion will 
affect its ability to proliferate or migrate.    
 
Comment: Fig. 3B and C: The reduced protein expression of P-Tak1 and of the key 
components of MAPKs is only seen after 15min of LPS/INFγ treatment. 30min after stimulation 
expression pattern are equal compared to control. Furthermore, since phosphorylation is a 
posttranslational modification, it cannot be measured with qRT-PCR. Here, total mRNA 
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expression is analysed and again only 15min after stimulation there is a difference in mRNA 
expression. That could explain the increase in phosphorylated protein in that time point. That 
stresses the point that YAP/TAZ-dKO in BMDMs affects a mechanisms or signalling pathway 
upstream of MAPKs and Tak1 axis. Since total mRNA expression is also affected as seen in 
the qRT-PCR results western blot data should be included in Fig. 3B. 
 
Response: We have quantified the blots and we see the most significant changes at 15 min 
time point. We apologize for not making it clear. Figure 3C is the quantification of blots used 
in Figure 3B. In the revised manuscript, we have re-organized the figure and modified the text 
to make it clear.   
 
Comment: Fig. 3: Do the authors have data regarding a direct promotor binding of other M1 
marker genes depicted in Fig. 1D? Does YAP only binds IL-6 promotor directly? How about 
TAZ?  
 
Response: We have not analyzed all the M1 gene (inflammatory genes) promoter in our study. 
However growing evidence suggests that many inflammatory genes are directly regulated by 
YAP/TAZ in immune cells as well in other cell types (Matsushita et al., 2019; Ramjee et al., 
2017; Zhou et al., 2019). For example, TAZ directly binds to IL1β promoter and regulates its 
expression in Malignant mesothelioma cells (Matsushita et al., 2019). We have previously 
shown that Yap can directly bind and activate the IFNg promoter in epicardial cells (Ramjee et 
al., 2017). We have also found that IL33 is a direct YAP/TAZ target in fibroblast (Unpublished 
observation). We analyzed the promoter and identified multiple Tead binding sites within the 
2kb IL6 promoter and that’s why we have followed it up. We have performed ChIP assay with 
TAZ and found that it can also bind to the IL6 promoter in BMDMs (Figure 3F).   
 
Comment: Fig. 4B and C: Actin blots are exposed too long. Western blots should be 
quantified. 
 
Response: We have replaced the actin blots. All the blots have been quantified in the revised 
manuscript.  
 
Comment: Fig. 4I: Please also include data for WB: Myc and the respective band sizes in all 
blots. Are data available showing IP: Flag with WB: Myc? 
 
Response: We have included data for WB: Myc (Figure 4L). We have also included data 
showing IP: Flag with WB: Myc (Figure 4L). Band sizes have been included in all the blots. All 
these results have been included in the revised manuscript.   
 
Comment: Fig. 5 and 6: It is not clear whether the infarct region or remote region is the focus 
of investigation here. Please indicate. 
 
Response: We have changed the figure legends based on the focus of the investigation and 
we have included this information in the revised manuscript.  
 
Comment: Fig. 5E: There is a huge variance in the macrophage subtype population 6d post-
MI in the YAP/TAZ-dKO group. Do the authors have any explanation for that? Please also 
include flow cytometry analysis of M1 and M2 macrophages of all in Fig. 5F-I indicated time 
points.  
 
Response: We believe this variation is due to sample preparation as tissue fibrosis in post-MI 
can affect the preparation of the single-cell suspension. However, the difference between the 
control and YAP/TAZ-dKO group is highly significant. We would like to clarify that results 
presented in F and G are from the sorted cells. Gene expression changes presented in figure 
5H and I are from the heart tissues. We have included the flow cytometry analysis of M1 and 
M2 macrophages in the revised manuscript (Supplementary Figure 5).     
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Comment: Fig. 6A and 7G: How was the measured fibrotic area normalized? Normalized to 
the remaining heart or to the left ventricle? Furthermore, all heart section should be analysed 
at the level of the papillary muscle. This is not evident by the depicted pictures. 
 
Response: The images presented here are just representative. The 
amount of post-MI myocardial fibrosis in control and mutant mice was 
quantified using ImageJ.  Briefly, serial sections starting from the 
coronary ligature to the cardiac apex were stained with Masson's 
trichrome to determine the fibrotic tissue. At least five cross-sectional 
images for each heart were analyzed for blue myocardium (fibrotic 
tissue), followed by the total heart. Statistical differences in the 
percentage of fibrosis were determined with the unpaired t-test. We 
have included this information in the method section of the revised 
manuscript. 

 

 

 
Comment: Fig. 7G: Please also include echo data. 
 
Response: We have not able to perform any animal surgery/echo work since the Covid-19 
epidemic started. Our surgeon went to China for the Chinese new year and got stuck there 
since late January 2020. We have not been able to recruit a replacement due to the travel 
restrictions imposed currently. Our initial goal was to see whether the fibrotic phenotype is 
exacerbated due to Yap activation. The results presented in Figure 7 are supportive of the rest 
of the data presented in the manuscript and do not draw an independent conclusion. We 
appreciate your understanding of this unexpected situation.    
 
Comment: Please also conduct and include an early echocardiography time point in Figure 5 
and Figure 7 to exclude (or show) an initial difference in infarct size between Yap/Taz knock-
out, control and YAP overexpressing mice. Alternatively,  Serum Troponin levels could be 
determined to demonstrate similar initial myocardial injury. 
 
Response: All the animal surgery was performed by an experienced technician (15 years) 
working at the National Heart Centre Singapore. He is also part of the animal core and 
performs surgery for all the laboratories. To determine the initial myocardial surgery, we 
performed MI and quantified the ischemic area. We also analyzed the fibrotic area by Masson's 
Trichome staining. No significant difference was observed between the control and mutant 
groups. We have included this data in the revised manuscript (Supplementary Figure 17).  
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Reviewer #3: 
 
General comments: 
 
Comment: Using a range of elegant techniques that span, the authors show differential 
regulation of M1 and M2 macrophages by YAP/TAZ. Specifically, YAP/TAZ is required for M1 
polarisation whereas it is inhibitory to M2 activation. The authors identify the targets of 
YAP/TAZ in these different macrophage states and identify that Ncor/HDAC repressor complex 
participates in the inhibition of gene expression by YAP. Notably, through decreasing M1 
macrophages, YAP/TAZ deletion enhances post-MI remodelling and reduces fibrosis. This 
story is generally sound and the data is internally consistent. The findings provided add to the 
increasing knowledge of the YAP/TAZ pathway in the heart as well as other organs. These 
findings are of significance and contribute to our knowledge of how M1 and M2 macrophages 
are regulated in the heart. 
 
Response: We would like to thank the reviewer for his/her positive evaluation of our 
manuscript. 
 
Specific comments: 
 
Comment: The authors rule out the NFkB pathway as a mechanism for activation of IL6 
expression based on lack of phosphorylation of IKKɑβ. The sensitivity of this assay may not 
be sufficient to rule out its role. I would suggest analysis of a luciferase reporter of NfkB 
signalling. 
 
Response: We have performed luciferase assay by using a commercially available NF-kB-
Luc reporter (Promega, Cat No. E8491) and observed no changes when co-transfected with 
YAP expression plasmids suggesting that NF-kB signaling has no or very limited role if any in 
YAP mediated activation of IL6 (Supplementary Figure 8A).  
 
Comment: The effects of YAP/TAZ DKO on the expression of M1 markers revealed by qRT-
PCR are not particularly dramatic. While these effects of YAP-TAZ KO are significant, in terms 
of absolute effects on induction they are quite small, cf. Rantes from a 300 to 200 fold 
induction? Yet, an end biological effect is reported – albeit small. Can the abundance of these 
cytokines be directly measured. How does this change in mRNA relate to protein? I have 
similar concerns re Fig 4A and Fig 7A. RE Fig 4A, the absolute changes in expression of M2 
marker induction by YAP/TAZ KO are relatively small. Is the effect substantial enough to 
explain the biology proposed? In Fig 7 A, we see the effects of overexpression of a 
constitutively active YAP. Yet again, the relative changes in message are small. 
 
Response: We agree with the reviewer that changes are not dramatic but they are all 
significant. In our RNAseq screen, we observed hundreds of genes changing due to loss of 
YAP/TAZ and have focused on a subset of M1 and M2 marker genes in this study for in-depth 
analysis (Figure 2A). We believe that the accumulative changes observed in YAP/TAZ-dKO 
are sufficient to cause the biological effects on cardiac function, remodeling and repair 
observed. These changes are also consistent with recent observations by other groups in other 
biological systems (Geng et al., 2015; Song et al., 2020; Zhou et al., 2019). We apologies if it 
was not a clear presentation on our part but we do not think that the biological effects observed 
are small. In YAP/TAZ-dKO mice, we observed 32.41% improvement in left ventricular ejection 
fraction (LVEF), 27.04% improvement in fractional shortening (FS), 43.5% reduction in left 
ventricular end-systolic volume (LVESV), 25.78% improvement in fractional area change 
(FAC) and 40.47% increase in stroke volume (SV), compared to the controls post-MI (Figure 
5 and Supplementary Figure 14). These changes are considered a very significant 
improvement of cardiac function in the post-MI heart. We have included more functional data 
and modified the text to reflect this in the revised manuscript. We have shown both at mRNA 
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and protein levels that expression of M1 (IL6, IL1b, and Nos2) and M2 (Arg1 and TGFb) marker 
genes are altered due to YAP/TAZ deletion.                
  
Comment: These qRT-PCR data were normalised against one reference gene, GAPDH. 
Normalising to one reference gene is not best practice. Was this reference gene deemed to 
be stable between all conditions analysed. If so, provide the data to show its expression 
relative to a panel of other reference genes. 
 
Response: At the beginning of the study we determined the expression of both GAPDH and 
b-actin between all conditions analysed. We observed that GAPDH expression was stable 
between all conditions analysed so we decided to use it. At the protein level, we did not 
observed any difference in the expression of GAPDH or b-actin between all conditions 
analysed.   
  

 
 

Comment: The authors indicate that that YAP/TAZ interacts with the HDAC3-NCoR1 complex 
to repress Arg1 expression in macrophages. In support of this, they show that by IP 
experiments the interaction of the proteins in this complex and that YAP directly binds to the 
promoter of the ARg1. It was not clear to me whether experiments were conducted to test a 
direct interaction of YAP with DNA. The authors go on to show that the transfection of HDAC 
represses the expression of this reporter. The observation that this Luc reporter is transiently 
transfected and not chromatinised would make it surprising that the repressor complex was 
operating in such a manner. I do not rule out this possibility however, especially if the 
repression is not via alterations in histone acetylation but via a direct protein mediated 
repression. Experiments to identify the interaction domain between YAP and the repressor 
complex which could then be modified to prevent such an interaction would substantially 
increase the weight of evidence in favour of a functional interaction between YAP and the 
repressor complex.  
 
Response: We did not test a direct interaction of YAP with DNA because YAP/TAZ are 
transcriptional coactivators and lack a DNA-binding domain but contains an activation domain. 
They interact with TEAD1-4 proteins (which contain a DNA-binding domain but lack an 
activation domain) and form functional heterodimeric transcription factors to activate target 
gene expression (Huang et al., 2005; Kim et al., 2018; Tian et al., 2010). To further strengthen 
our data on YAP-HDAC3-NCoR mediated repression of Arg1 expression, we have performed 
multiple additional experiments and included the data in the revised manuscript. We 
demonstrate that the repressive response to Arg1 promoter-luciferase activity was further 
enhanced when HDAC3 was co-expressed together with YAPS127A (a constitutively active form 
that remains in the nucleus and is transcriptionally active) compared to YAP (Figure 4K). We 
have also performed additional experiments to address the structural vs enzymic role of 
HDAC3 in the repression of Arg1 and included them in the revised manuscript. We observed 
that Vorinostat or Scriptaid treatment abolished the YAP-HDAC3 mediated repression of Arg1 
(Figure 4O-P). Both Vorinostat or Scriptaid are known to affect both protein expression as well 
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as the deacetylase activity of HDACs including HDAC3 (Banerjee et al., 2018; Meng et al., 
2020; Sun et al., 2017). To further support our findings that the enzymatic function of HDAC3 
is not essential for HDAC3-mediated repression of Arg1, we utilized an HDAC3-specific 
inhibitor RGFP966. In multiple biological systems, RGFP966 has been shown to affect the 
deacetylase activity of HDAC3 but not the protein expression (Leus et al., 2016; Suelves et al., 
2017). We observed that RGFP966 treatment did not affect the YAP-HDAC3 mediated 
repression of Arg1 (Figure 4Q). To further demonstrate that the deacetylase activity of HDAC3 
is not required for Arg1 repression, we utilized a previously described mutant form of HDAC3 
in which two highly conserved tandem His residues, 134 and 135, are mutated to alanine 
(HDAC3H134A, H135A). These mutations do not affect its expression, chromatin recruitment, and 
interaction with NCOR1; however, they render HDAC3 completely inactive (Lewandowski et 
al., 2015; Sun et al., 2013). We observed that HDAC3H134A, H135A mutant was able to repress 
the Arg1 reporter similar to HDAC3 suggesting that the deacetylase activity of HDAC3 is not 
required for Arg1 repression (Figure 4R).   
 
Comment: Subsequent experiments in which HDAC3 has been reduced in expression by 
siRNA may also provide misleading results. HDAC would of course repress the expression of 
many genes, some of which may not be related to the endpoints studied in this MS. Some of 
these effects will be via protein/protein interactions which will be disrupted by KD. I do not 
understand why supporting experiments using an inhibitor of HDAC were also not performed. 
These would rule in/out the role of HDAC activity and could contribute to the understanding of 
the structural vs enzymic role of HDAC in repression of Arg. 
 
Response: Thank you for these suggestions. We have performed additional experiments to 
address the structural vs enzymic role of HDAC3 in the repression of Arg1 and included them 
in the revised manuscript. We observed that Vorinostat or Scriptaid treatment abolished the 
YAP-HDAC3 mediated repression of Arg1 (Figure 4O-P). Both Vorinostat or Scriptaid are 
known to affect both protein expression as well as the deacetylase activity of HDACs including 
HDAC3 (Banerjee et al., 2018; Meng et al., 2020; Sun et al., 2017). To further support our 
findings that the enzymatic function of HDAC3 is not essential for HDAC3-mediated repression 
of Arg1, we utilized an HDAC3-specific inhibitor RGFP966. In multiple biological systems, 
RGFP966 has been shown to affect the deacetylase activity of HDAC3 but not the protein 
expression (Leus et al., 2016; Suelves et al., 2017). We observed that RGFP966 treatment did 
not affect the YAP-HDAC3 mediated repression of Arg1 (Figure 4Q). To further demonstrate 
that the deacetylase activity of HDAC3 is not required for Arg1 repression, we utilized a 
previously described mutant form of HDAC3 in which two highly conserved tandem His 
residues, 134 and 135, are mutated to alanine (HDAC3H134A, H135A). These mutations do not 
affect its expression, chromatin recruitment, and interaction with NCOR1; however, they render 
HDAC3 completely inactive (Lewandowski et al., 2015; Sun et al., 2013). We observed that 
HDAC3H134A, H135A mutant was able to repress the Arg1 reporter similar to HDAC3 suggesting 
that the deacetylase activity of HDAC3 is not required for Arg1 repression (Figure 4R).   
 
Comment: The authors provide data on EF and FS for heart function. When performing 2D 
echo, EF and FS are derived from the same measures and are thus not independent. The one 
reflects the other. Using the one measure to support the other is not appropriate. Based on 
both measures the effect of YAP KO are not substantial. It would be useful to have other 
measures of cardiac remodelling. For example, are there any differences in myocytes size, 
wall thickness, expression of fetal genes? Further and to support the contention that fibrosis is 
affected by YAP KO, a measure of strain or relaxation velocity would be useful. This would tell 
us the stiffness of the ventricle. 
 
Response: We have included additional quantitative data pertaining to LV ejection fraction, 
fractional shortening (FS), end-systolic volume (LVESV), End diastolic volume (LVEDV), 
Stroke volume (SV), LV mass and Fractional area change (FAC) (Figure 5 and Supplementary 
Figure 14). Increased FAC suggests that YAP/TAZ-dKO hearts are working more efficiently 
than the controls post-MI. To determine cardiac remodelling, we have performed Masson's 
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trichrome staining on control and YAP/TAZ-dKO heart sections post-MI and analyzed as 
interstitial myocardial fibrosis. We observed a significant reduction in interstitial fibrosis in 
YAP/TAZ-dKO hearts compared to controls after MI (Supplementary Figure 18A-B). To 
determine the cardiomyocyte cross sectional area (CSA), we performed WGA staining and 
quantified the CSA within the border and remote zones. We observed a significant reduction 
in the CSA in YAP/TAZ-dKO hearts compared to the controls (Supplementary Figure 18C-D). 
We also performed qPCR analysis for some of the cardiac hypertrophy marker genes and 
found that the levels of Nppa, Nppb, and Myh7 were reduced in YAP/TAZ-dKO hearts 
compared to the controls (Supplementary Figure 18E). 
 
Comment: IN Fig 6G the authors analyse the expression of endmucin in heart sections as a 
measure of capillary density. The data provided is a surface area coverage of this marker. It is 
not capillary density, which is the more often used measure. The authors should analyse for 
e,g. CD31 staining in tissue sections. 
 
Response: We have analyzed the vascularization of the infarcted control and YAP/TAZ-dKO 
hearts with CD31 as well as Lectin immunostaining. The results are consistent with previous 
observations suggesting improved vascular growth (Supplementary Figure 19).    
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