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Reviewers' Comments: 

 

Reviewer #1: 

Remarks to the Author: 

In this manuscript, Shi H and colleagues describes an intriguing phenomenon of myogenic gene 

activation in brown fat during diet-induced obesity. The authors identified the histone demethylase 

UTX and the DNA methyltransferase DNMT1 as two important regulators of this brown adipocyte-

myocyte gene dysregulation. Conditional inactivation of UTX or DNMT1 specifically in brown 

adipocytes resulted in obesity and impaired systemic metabolic homeostasis associated with 

activation of myogenic gene program and repression of the thermogenic function. The authors 

further demonstrated that MyoD1 as a likely mediator of these regulatory effects. The observations 

that brown adipocytes activate myogenic gene program during obesity are interesting. The in vivo 

findings and mechanistic work largely support the overall conclusion. However, several major 

concerns should be addressed. 

 

1. While the effects of UTX and DNMT1 deficiency on brown fat function and systemic metabolic 

phenotype were impressive, it is unlikely that they are mediated by UCP1-mediated uncoupling. In 

fact, complete UCP1 deficiency only elicits modest effects on systemic energy balance. The authors 

should explore whether UCP-1 independent thermogenic pathways, particularly creatine cycling 

and calcium futile cycle, are altered in these mouse models. In addition, the secretion of brown fat 

adipokines, such as Nrg4, PM20D1, and myostatin, should be investigated and discussed. 

2. Is induction of myocyte genes in brown fat and dysregulation of UTX/DNMT1 expression 

observed in genetic obesity ob/ob or db/db mice? What are potential pathophysiological signals 

that regulate this aberrant gene induction? Some studies along this line will provide additional 

insights into how this brown adipocyte-myocyte dysregulation may mediate the effects of obesity 

on thermogenesis and energy balance. It would be also helpful to discuss the implications of these 

findings in human obesity and metabolic disease. 

3. Is there evidence for a role of UTX and DNMT1 in beige fat induction in response to chronic cold 

exposure or adrenergic stimulation? 

4. Is overexpression of MyoD1 in brown preadipocytes sufficient to suppress the thermogenic gene 

activation following adipogenic induction? 

 

 

 

Reviewer #2: 

Remarks to the Author: 

In the current manuscript, the authors have investigated a potential mechanism by which 

tetratricopeptide/ lysine (K)-specific demethylase 6A (Utx/Kdm6a), a histone demethylase, may 

regulate thermogenic activity of brown adipose tissue and systemic energy homeostasis through 

upregulation of Prdm16 that simultaneously activates thermogenic programs and suppress Myod1 

expression in brown adipocytes. They show that mice deficient in brown adipocyte Utx have 

decreased thermogenic activity and aberrant activation of myogenic gene expression that can lead 

to impaired systemic energy homeostasis in both lean and diet-induced obesity. With several 

experimental data, they tried to conclude that brown adipocyte Dnmt1 plays a key role to mediate 

anti-myogenic remodeling role for Utx by facilitating suppressive DNA methylation at Myod1 

promoter. The hypothesis is potentially interesting but several key points that are neglected by the 

authors, make it difficult to feel confident in the conclusions that they have tried to reach. First, 

the authors argue that Dnmt1 is involved in Prdm16-mediated myogenic gene suppression but not 

thermogenic gene activation. If so, it is expected that mice deficient in brown adipocyte Dnmt1 

show increased myod1 expression with unchanged thermogenic activity. However, Dnmt1 

depletion in brown adipocytes led to increased myod1 expression as well as decreased 

thermogenic gene expression, suggesting that Dnmt1 is not only involved in the control of myod1 

expression but also thermogenic gene expression through alternative mechanisms rather than utx-

prdm16 axis. Accordingly, in contrast to the author’s hypothesis, these data indicate that 

thermogenic defects in dnmt1 deficient mice and utx deficient mice would be derived from 

different molecular mechanisms. Second, previously, the authors have shown that brown 

adipocyte Utx potentiates epigenetic reprogramming of PGC1a promoter by interacting with CBP 

and inducing open chromatin structure, which consequently leads to thermogenic activation in 

brown adipocytes (Zha et al., 2015). Given both PGC1a and PRDM16 are crucial regulators of 



thermogenic activity and they can regulate each other’s activity in brown adipocytes, these raise a 

question as to the relative contribution of Prdm16 to altered thermogenic activity in Utx KO brown 

adipocytes. Therefore, the work does not seem to constitute a sufficient conceptual advance from 

previous their findings. Additionally, their findings in the current manuscript are somehow 

contradictory to those by Ota et. al. 2019 (Ota et al., 2019), which generated adipocyte-specific 

Utx knockout mice and found opposite phenotype in response to diet-induced obesity. In 

particular, despite of Utx deletion in both white and brown adipose tissue in this adipocyte-specific 

Utx knockout mice, these mice did not show changes in body weight, fat mass, histological 

characteristics of all major fat depots (WAT and BAT) and systemic energy metabolism under 

normal chow condition. Therefore, this point should be addressed in detail to support drawn 

conclusions in the current study. Collectively, these major issues make the manuscript very 

descriptive and provides very limited insight into how utx actually epigenetically regulate 

thermogenesis and myogenic remodeling in obesity. 

Other major concerns: 

1. In Figure 1, the authors analyzed metabolic phenotypes of male UTXKO mice whereas female 

D1KO mice were subjected to analysis of metabolic phenotypes in Figure 4. Given it has been 

suggested that gender difference can affect metabolic phenotypes (Valencak et al., 2017), the use 

of different gender mouse to support their conclusion on key role of UTX-DNMT1 axis in myogenic 

remodeling would not be appropriate. 

2. In supplemental Figure 6F, the authors showed the inverse correlation of UCP1 expression with 

various myogenic genes in iBAT. However, correlation analysis of UTX1 expression with these 

myogenic genes was not provided in the current manuscript. Because the major hypothesis of this 

study is the negative effect of UTX1 on myogenic gene expression, data demonstrating correlation 

between UTX1 and myogenic genes would be helpful as well. 

3. In Figure 2, most experiments were done with the use of iBAT and the authors appear to 

suggest that such increase is derived from brown adipocytes in iBAT. However, given the 

expression of myogenic genes is relatively higher in stromal vascular fraction (SVF), especially 

brown adipocyte precursors, of iBAT as compared to brown adipocytes and HFD induces dynamic 

changes not only in brown adipocyte but also SVF of iBAT, it would not be clear whether HFD-

induced increases in myogenic gene expression in iBAT would be attributable to SVF or brown 

adipocytes. Validation of the major cellular contributor of myogenic gene expression induced by 

HFD or UTX knockout would strengthen the argument. Also, it would be helpful to determine 

whether UTX regulated-BAT-to-myocyte remodeling via a cell autonomous manner. 

4. In Figure 7F-H, the authors showed that Prdm16 knockdown reduced DNA methylation and 

Dnmt1 binding at Myod1 promoter. Whether such changes in DNA methylation and Dnmt1 binding 

would impact on Myod1 expression should be determined. 

5. Co-IP western blots in Figure 7I-K are very poor quality and appropriate controls (e.g, input) 

are missing. The interaction between Prdm16 and Dnmt1 should be validated through well-

controlled reciprocal immune-precipitation and by demonstrating nuclear colocalization of Prdm16 

and Dnmt1. Additionally, if Prdm16 and Dnmt1 interacts, how Prdm16 increases Dnmt1 binding to 

Myod1 promoters? Does Prdm16 guide Dnmt1 to Myod1 promoter or control Dnmt1 stability so 

that more Dnmt1 can bind to Myod1 promoter instead of being degraded? Previous studies on 

Dnmt1 stability have demonstrated that NTD domain of Dnmt1, which may be responsible for 

interaction of Dnmt1 with Prdm16, is important for Dnmt1 stability through modulating interaction 

with SET7 and AKT1(Esteve et al., 2011). This study implies that Prdm16 and SET7 may compete 

for binding to Dnmt1, and thus increased Prdm16 level would lead to prevent SET7-mediated 

Dnmt1 degradation. Therefore, addition of data on Dnmt1 stability and Dnmt1 binding to Myod1 

promoter (e,g, EMSA assay) in response to altered Prdm16 expression is needed to provide more 

mechanistic insights into physiological role of Utx-Dnmt1 interaction. 

6. What is the mechanism whereby Dnmt1-mediated methylation decreases Myod1 expression? 

What are the effects of Dnmt1-mediated DNA methylation on bindings of related transcription 

factor(s) and/or histone modifications, which are engaged in the activation of Myod1 transcription 

in brown adipocytes? 

Minor concerns: 

1. There are no scale bars in most histology and image data. The authors need to include proper 

scale bars in desired data (e.g., Figure1D, 2F, 2J, 3C, 3J, 6H). 

2. There are no information on molecular weight of target bands in all western blot data. The 

authors should provide appropriate information in all western blot data. 

3. In line 358, there is a typo error. Myd1 needs to change to Myod1. 
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Reviewer #1 

1. While the effects of UTX and DNMT1 deficiency on brown fat function and systemic metabolic 
phenotype were impressive, it is unlikely that they are mediated by UCP1-mediated uncoupling. In fact, 
complete UCP1 deficiency only elicits modest effects on systemic energy balance. The authors should 
explore whether UCP-1 independent thermogenic pathways, particularly creatine cycling and calcium 
futile cycle, are altered in these mouse models. In addition, the secretion of brown fat adipokines, such as 
Nrg4, PM20D1, and myostatin, should be investigated and discussed. 

Thank you for the helpful suggestions. We agree that the obesity phenotypes in our animal 
models may not be mediated solely by UCP1-mediated uncoupling, as complete UCP1 deficiency only 
elicits modest effects on energy homeostasis. Thus, we explored whether UCP-1 independent 
thermogenic pathways could be involved in regulating the phenotypes in our animal models. We found 
that the expression of SERCA2b/ATP2a2 was not altered in iBAT of UTXKO mice, and the expression of 
creatine kinase (Ckm) was even increased in iBAT of UTXKO mice under either the HFD or cold challenge 
along with the upregulation of myogenic marker expression (Supplemental Figure 5). In addition, similar 
gene expression patterns of creatine kinase and Atp2a2 was also observed in iBAT of D1KO mice (Figure 
4B and Supplemental Figure 15A). Thus, we think these UCP1-independent thermogenic pathways, 
including the creatine cycling and calcium futile cycle, are not involved in mediating the obesity-prone 
phenotypes observed in UTXKO and D1KO mice. It is possible that UTX or DNMT1 deficiency in brown fat 
alters the entire thermogenic program beyond UCP1, thus resulting in a profoundly obesity-prone 
phenotype. Alternatively, other UCP1-independent mechanisms may be involved, which requires further 
identification. These results were described and discussed in page 7, lines 156-163, and page 15, lines 
360-365. 

In addition, we have also explored whether batokines secreted from brown fat, including the 
recently identified neuregulin 4 (Nrg4), peptidase M20 domain containing 1 (Pm20d1) and myostatin 
(Mstn), could be involved in regulating whole body insulin sensitivity and metabolic function in other 
organs in our KO animal models. However, we did not observe significant alterations of the expression 
of these batokines in iBAT of UTXKO (Supplemental Figure 4) and D1KO (Supplemental Figure 15B-C) 
animals. Thus, we think these batokines may not be involved in the regulation of whole body insulin 
sensitivity and metabolism in our animal models. These results are now described and discussed in 
pages 6-7, lines 142-155, and page 15, lines 365-366. 

 

2. Is induction of myocyte genes in brown fat and dysregulation of UTX/DNMT1 expression observed in 
genetic obesity ob/ob or db/db mice? What are potential pathophysiological signals that regulate this 
aberrant gene induction? Some studies along this line will provide additional insights into how this brown 
adipocyte-myocyte dysregulation may mediate the effects of obesity on thermogenesis and energy 
balance. It would be also helpful to discuss the implications of these findings in human obesity and 
metabolic disease. 

Thank you for the comments. This is an important question to assess whether the BAT-to-
myocyte switch observed in the UTXKO, D1KO and HFD-fed mice is a common feature of obesity. We 
have measured myogenic gene expression in iBAT of 3-month-old ob/ob mice and their control +/? 
littermates. We observed a similarly upregulated myogenic gene expression in iBAT of ob/ob mice, 



accompanied by down-regulation of thermogenic gene expression (Supplemental Figure 12, and pages 
11-12, lines 280-287).  

To answer the question about the “potential pathophysiological signals that regulate this 
aberrant gene induction” in obesity, we think there are several possibilities.  

First, we have previously found that UTX mRNA level was down-regulated in iBAT of HFD-fed 
mice (Zha et al, JBC 2015). Since UTX protein level could be more important than mRNA expression, we 
have measured UTX protein levels in iBAT of HFD-fed mice. We found that UTX protein level was 
significantly reduced in iBAT of mice after 12 weeks of HFD feeding (Figure 3).  Thus, we think reduced 
UTX levels that occur during obesity could explain the myogenic remodeling and suppression of 
thermogenic program observed in iBAT during obesity development. UTX was predicted to be 
ubiquitinated at lysine 225 1. Thus, it is possible that increased UTX ubiquitination could occur in obesity 
and contribute to decreased UTX protein levels in iBAT. Further studies are required to investigate 
whether UTX ubiquitination occurs in iBAT of HFD-fed mice that may contribute its down-regulation. 
These data have been described and discussed in page 10, lines 243-249, and page 29, lines 740-743. 

Alternatively, as we discussed in page 29, lines 743-758, recent data suggest that UTX serves as s 
cellular oxygen sensor, while hypoxia that reduces the level of oxygen for UTX to sense, cause persistent 
increase in H3K27 methylation in key regulators of cellular differentiation, which in turn blocks cellular 
differentiation 2. Hypoxia develops in obese white adipose tissue with the expansion of tissue mass, and 
contributes to adipose tissue dysfunction, including inflammation, fibrosis and insulin resistance 3. 
Recent data also suggest that obesity induces capillary rarefaction and functional hypoxia in BAT, leading 
to a BAT “whitening” phenotype 4. Thus, it is possible that hypoxic condition induced in obese BAT may 
inhibit UTX activity, causing a persistent increase in H3K27 methylation at promoters of key regulators of 
differentiation. This in turn reverses these brown adipocytes to a less-differentiated, precursor-like 
phenotype, leading to a loss of brown adipocyte thermogenic feature and simultaneous up-regulation of 
myogenic gene expression in Utx-deficient brown adipocytes, as observed in the current study. 

 About the comment “It would be also helpful to discuss the implications of these findings in 
human obesity and metabolic disease”,  we have added the following discussion in the manuscript in 
pages 27-28, lines 684-693:  

It has been recently demonstrated that adult humans also have functional BAT that is inversely 
correlated with body weight 5, 6, 7, 8, 9, 10, 11, and repeated cold exposure treatments activate human BAT 
that is associated with an increase in energy expenditure 12, 13. Thus, BAT may present a promising target 
for the treatment of obesity and other metabolic diseases in humans. Interestingly, H3K27me3, the 
target of UTX, is an inheritable epigenetic pattern that is associated with obesity and type 2 diabetes 14. 
In addition, Kabuki syndrome is a rare genetic disease with obesity and type 2 diabetes as frequently 
reported symptoms among others, and Utx is reported as one of the genes to be mutated 15, 16, 17, 18, 19, 20. 
On the other hand, the association of Dnmt1 polymorphism with obesity has also been reported in 
human population 21. Thus, it is possible that the UTX/DNMT1 pathway may also regulate obesity and 
associated metabolic diseases in humans. 

 



3. Is there evidence for a role of UTX and DNMT1 in beige fat induction in response to chronic cold 
exposure or adrenergic stimulation? 

To answer this question, we have studied gene expression and UCP1 immunostaining in inguinal 
WAT and epididymal WAT from D1KO mice after a chronic 7-day cold exposure. Interestingly, we found 
that in iWAT, whereas the expression of Ucp1 and other thermogenic genes were either tended to 
increase or moderately increased, UCP1-immunostaining clearly showed an increase in beige adipocyte 
formation in iWAT of D1KO mice compared to fl/fl littermates after a 7-day cold exposure (Suppl. Fig 
19A-B). In addition, thermogenic gene expression and beige adipocyte formation were also increased in 
eWAT of D1KO compared to that of fl/fl littermates after the chronic cold exposure (Suppl. Fig 19C-D).  

These data indicate an intriguing dissociation of thermogenesis between traditional brown 
adipocytes in iBAT and beige adipocytes identified in WAT.   Recent data suggest that BAT and WAT are 
derived from different developmental origins. Brown adipocytes from iBAT and skeletal muscle cells 
share a common developmental lineage and are derived from precursor cells that express Myf5, 
whereas most white adipocytes from eWAT and iWAT come from a different lineage origin that does not 
express Myf5. Thus, it is possible that the role of DNMT1 in the determination of BAT-muscle switch may 
be specific to the Myf5-positive lineage cells in iBAT, but not the My5-negative lineage cells in eWAT and 
iWAT. The increased beiging in iWAT and eWAT of D1KO mice in response to cold is possibly a 
compensatory adaptation to reduced thermogenic function in iBAT. 

These results are now described and discussed in pages 17, lines 407-423. 

 

4. Is overexpression of MyoD1 in brown preadipocytes sufficient to suppress the thermogenic gene 
activation following adipogenic induction? 

We have overexpressed Myod1 in brown preadipocytes and found it sufficient to suppress the 
thermogenic gene activation following adipogenic induction both at basal level and after the β-
adrenergic stimulation by isoproterenol. These data are presented in Fig 7L-M and described in page 20, 
lines 492-497. 

 

Reviewer #2 

1. First, the authors argue that Dnmt1 is involved in Prdm16-mediated myogenic gene suppression but 
not thermogenic gene activation. If so, it is expected that mice deficient in brown adipocyte Dnmt1 show 
increased myod1 expression with unchanged thermogenic activity. However, Dnmt1 depletion in brown 
adipocytes led to increased myod1 expression as well as decreased thermogenic gene expression, 
suggesting that Dnmt1 is not only involved in the control of myod1 expression but also thermogenic gene 
expression through alternative mechanisms rather than utx-prdm16 axis. Accordingly, in contrast to the 
author’s hypothesis, these data indicate that thermogenic defects in dnmt1 deficient mice and utx 
deficient mice would be derived from different molecular mechanisms. 

We agree with the reviewer that in the D1KO mice, we observe not only the increased 
expression of myogenic genes, but also a significant down-regulation of thermogenic program. The up-
regulation of myogenic gene expression in Dnmt1-deficient brown adipocytes could be explained by 



reduced Myod1 promoter DNA methylation due to Dnmt1 deficiency. However, how up-regulated 
Myod1 expression in Dnmt1-deficient brown adipocytes results in reduced thermogenic gene expression 
is less clear. Thus, we have further explored several possibilities that could explain the down-regulation 
of thermogenic gene expression in Dnmt1-deficient brown adipocytes.  

Recent data suggest that Myod1 represses Prdm16 in muscle progenitor cells via interaction 
with the E2F transcription factor 4 (E2F4)/RB transcriptional corepressor like 1 (RBL1/p107)/ RB 
transcriptional corepressor like 2 (RBL2/p130) transcription repressor complex at Prdm16 promoter 22. 
Thus, we further explored whether MYOD1 could repress Prdm16 via this potential pathway in BAT1 
cells. We found that overexpressing Myod1 in BAT1 cell led to increased binding of E2F4, RBL1 and RBL2 
at Prdm16 promoter (Suppl. Fig 24A-C). However, knocking down of E2f4, Rbl1 or Rbl2 in BAT1 cells 
(Suppl. Fig 24D-F) did not significantly change basal expression of BAT-specific genes, nor did they 
reverse Myod1 overexpressoin-induced suppression of BAT-specific gene expression when E2f4, Rbl1 or 
Rbl2 were knocked down individually or in combination (Suppl. Fig 24G-J), These data suggest that 
unlike its role in muscle progenitor cells, the E2F4/RBL1/RBL2 repressor complex does not play an 
important role in mediating MYOD1’s suppression of BAT-specific gene expression in BAT1 brown 
adipocytes. 

 Alternatively, microRNA-1 (miR-1), miR-206, miR-133a and miR-133b are specifically expressed 
in skeletal muscle that are important in regulating muscle development 23, 24, 25, 26, and their expression is 
regulated by MYOD1 24, 25. Recently, it has been reported that miR-133a/133b negatively regulates BAT-
specific gene expression in muscle satellite cells by specifically targeting Prdm16 26. Interestingly, we 
found that the expression of these microRNAs was significantly increased in iBAT of D1KO mice (Fig 10G) 
and in BAT1 cells overexpressing Myod1 (Fig 10H). In addition, Dnmt1 knocking down in BAT1 cells also 
significantly up-regulated miR-133a expression (Fig 10I). Importantly, knocking down Dnmt1 in BAT1 
cells significantly suppressed BAT-specific gene expression, including Ucp1, Prdm16 and Pgc1β, which 
was reversed by miR-133a knocking down (Fig 10I-J). Thus, our data suggest that increased Myod1 
expression in Dnmt1-deficient brown adipocytes results in upregulation of miR133, which in turn 
suppresses Prdm16 expression, leading to down-regulation of thermogenic gene expression.  

 These results are now presented in Fig 10 G-I and Suppl. Fig 24, and described and discussed in 
pages 25-26, lines 616-650. 

2. Second, previously, the authors have shown that brown adipocyte Utx potentiates epigenetic 
reprogramming of PGC1a promoter by interacting with CBP and inducing open chromatin structure, 
which consequently leads to thermogenic activation in brown adipocytes (Zha et al., 2015). Given both 
PGC1a and PRDM16 are crucial regulators of thermogenic activity and they can regulate each other’s 
activity in brown adipocytes, these raise a question as to the relative contribution of Prdm16 to altered 
thermogenic activity in Utx KO brown adipocytes. Therefore, the work does not seem to constitute a 
sufficient conceptual advance from previous their findings. 

We agree with the reviewer’s comments. Our previous data suggested that UTX promotes 
brown adipocyte thermogenic program via coordinated regulation of H3K27 demethylation and 
acetylation at Pgc1α promoter 27; whereas PRDM16 is critical in controlling BAT-muscle switch 28. To 
further determine the molecular mechanism underlying the BAT-to-myocyte remodeling phenotype in 
BAT of UTXKO and D1KO mice, we performed assay for transposase-accessible chromatin sequencing 
(ATAC-seq) analysis in iBAT of UTXKO and fl/fl littermates fed HFD for 12 weeks. Our ATAC-seq data 



demonstrated that deleting Utx in brown fat resulted in a more closed chromatin structure at both 
Prdm16 (Fig 9B) and Pgc1α (Suppl. Fig 23A) loci, which could contribute to the suppressed expression of 
these genes in iBAT of UTXKO mice (Fig 1F). Our data indicate that both Prdm16 and Pgc1α could be 
downstream targets of UTX via modulating their chromatin structure. Since PRDM16 regulates BAT-
muscle switch in brown adipose tissue 28, we thus further studied whether PRDM16 could mediate the 
BAT-to-myocyte remodeling observed in HFD-fed, UTXKO and D1KO mice.  These data have been 
described in page 21-22, lines 533-553. 

Although PRDM16 have been studied extensively in regulating BAT-myocyte fate determination, 
the mechanism involved is not fully understood. Thus, our data will advance the field by discovering an 
epigenetic signaling network involving UTX-PRDM16-DNMT1-MYOD1 that mediates PRDM16’s effect on 
BAT-myocyte fate determination in brown adipocytes. 

 

3. Additionally, their findings in the current manuscript are somehow contradictory to those by Ota et. al. 
2019 (Ota et al., 2019), which generated adipocyte-specific Utx knockout mice and found opposite 
phenotype in response to diet-induced obesity. In particular, despite of Utx deletion in both white and 
brown adipose tissue in this adipocyte-specific Utx knockout mice, these mice did not show changes in 
body weight, fat mass, histological characteristics of all major fat depots (WAT and BAT) and systemic 
energy metabolism under normal chow condition. Therefore, this point should be addressed in detail to 
support drawn conclusions in the current study. Collectively, these major issues make the manuscript 
very descriptive and provides very limited insight into how utx actually epigenetically regulate 
thermogenesis and myogenic remodeling in obesity. 

Thanks for this comment. Along the course of our study, a recent report brought us an attention 
that deletion of Utx in all adipocytes including both brown and white adipocytes prevents HFD-induced 
obesity 29. The exact reason for the discrepancy between this paper’s observation and ours is not clear, 
but may lie within the different models being tested and the realm of adipocytes (for example, brown or 
white adipocytes) that had Utx deletion. For one, Ota et al generated the genetic model with Utx 
deficiency in all adipocytes by crossing Utx floxed mice with aP2-Cre mice. It is noteworthy that 
employing aP2-Cre line may also result in deletion of Utx in macrophages due to the presence of aP2 in 
macrophages 30. It is possible that Utx deficiency in macrophages may alter inflammatory status that in 
turn affects adipocyte metabolism through a paracrine action due to the infiltration of macrophage into 
adipose tissue during the development of obesity 31. Indeed, specific deletion of Utx in macrophages by 
lysozyme-Cre has been shown to increase M1 macrophage formation, inhibit white adipocyte 
differentiation and promote brown adipocyte thermogenesis, leading to decreased adiposity in mice 32. 
Thus, the obesity-resistant phenotype observed by Ota et al 29 may be due to the aP2-Cre used that 
resulted in Utx deletion also in macrophages. In addition, we also found that whereas mice with mature 
brown adipocyte-specific deletion of Utx using the Ucp1-Cre exhibited a BAT-to-myocyte remodeling 
and were prone to diet-induced obesity, mice with Utx deletion in Myf5+-cells did not show any 
phenotypic differences when fed HFD, despite the fact that brown adipocytes derive from Myf5+ lineage 
precursors 28. Thus, the differences in the Cre line used may contribute to the differential phenotypes 
observed between our animal models and those reported in Ota et al 29. This discussion was added in 
pages 30-31, lines 759-778. 



Hopefully these additional data and discussions (including the ones added below) could 
convince the reviewers that our manuscript provides a mechanistic point about how UTX regulates 
thermogenesis and myogenic remodeling in obesity. 

 

Other major concerns: 

 
1. In Figure 1, the authors analyzed metabolic phenotypes of male UTXKO mice whereas female D1KO 
mice were subjected to analysis of metabolic phenotypes in Figure 4. Given it has been suggested that 
gender difference can affect metabolic phenotypes (Valencak et al., 2017), the use of different gender 
mouse to support their conclusion on key role of UTX-DNMT1 axis in myogenic remodeling would not be 
appropriate. 

Thank you for pointing this out. Although we presented data on female D1KO mice in Figure 4 
(now Figure 5), both male and female D1KO mice exhibited similar metabolic phenotypes including diet-
induced obesity and insulin resistance. We presented data on male D1KO mice that showed a slightly 
milder but still significant obesity-prone phenotype in Supplemental Figure 16 and 18. In addition, we 
found that both male and female UTXKO mice showed an obesity-prone phenotype when fed HFD, 
albeit with much milder phenotype observed in female UTXKO mice. The data on female UTXKO mice is 
now added in Supplemental Figure 6 and page 7, lines 164-171. Thus, our data suggest sexual 
dimorphism is more evident in UTXKO mice than in D1KO mice. The exact reason is not clear.  

Sexual dimorphism frequently occurs in metabolic phenotypes of both humans and rodents. For 
one, males and females have different fat composition and distribution in humans 33, 34. This might be 
due to differential lipid metabolism between the two genders 35. Another potential mechanism may be 
attributed to the sex hormone estrogen and its receptors that have been shown to play a pivotal role in 
various metabolic pathways 36. 

Our data in the current study suggest that UTX may potentially be acting as an upstream 
regulator of DNMT1. Thus, UTX signaling may be more susceptible to the modification by other genetic 
or environmental cues than the downstream DNMT1. It is possible these factors regulate UTX 
downstream signaling other than DNMT1 in UTXKO mice that may contribute to the phenotype 
difference observed in UTXKO and D1KO mice. These discussions have been added in page 31, lines 779-
790. 

2. In supplemental Figure 6F, the authors showed the inverse correlation of UCP1 expression with various 
myogenic genes in iBAT. However, correlation analysis of UTX1 expression with these myogenic genes 
was not provided in the current manuscript. Because the major hypothesis of this study is the negative 
effect of UTX1 on myogenic gene expression, data demonstrating correlation between UTX1 and 
myogenic genes would be helpful as well. 

 Thank you for pointing this out. Previously, we found that UTX mRNA level was down-regulated 
in iBAT of HFD-fed mice 27. Since UTX protein level could be more important than mRNA expression, we 
have now measured UTX protein levels in iBAT of HFD-fed mice and found that UTX protein level was 
significantly decrease in iBAT of mice fed HFD for 12 and 24 weeks (Fig 3A). Further analysis also 
revealed a reciprocal pattern of UTX protein levels and myogenic marker gene expression in iBAT of 



HFD-fed mice, with a gradual decline of UTX protein level that corresponded to a reciprocal increase of 
myogenic marker gene expression following HFD feeding (Fig 3B). An inverse correlation also existed 
between UTX protein levels and myogenic marker gene expression in iBAT when analyzed from both 
chow- and HFD-fed mice (Fig 3C). These data are now presented in Fig. 3A-C, and described in page 10, 
lines 243-249. 

 

3. In Figure 2, most experiments were done with the use of iBAT and the authors appear to suggest that 
such increase is derived from brown adipocytes in iBAT. However, given the expression of myogenic 
genes is relatively higher in stromal vascular fraction (SVF), especially brown adipocyte precursors, of 
iBAT as compared to brown adipocytes and HFD induces dynamic changes not only in brown adipocyte 
but also SVF of iBAT, it would not be clear whether HFD-induced increases in myogenic gene expression 
in iBAT would be attributable to SVF or brown adipocytes. Validation of the major cellular contributor of 
myogenic gene expression induced by HFD or UTX knockout would strengthen the argument. Also, it 
would be helpful to determine whether UTX regulated-BAT-to-myocyte remodeling via a cell autonomous 
manner. 

 We agree with reviewer’s comments. Recent data suggest that both stromal vascular fraction 
(SVF) cells and brown adipocytes contribute to Myf5+ cell populations in lineage tracing studies 37. In 
addition, it has been reported that brown preadipocytes express a prominent myogenic transcriptional 
signature, which is diminished upon brown adipocyte differentiation 38. Thus, to investigate whether the 
observed BAT-to-myocyte remodeling is derived from brown adipocyte or cells from SVF, we isolated 
primary brown adipocytes and SVF cells from iBAT of C57BL/6J mice fed chow or HFD for 24 weeks. 
Similar to previous report 38, we found that myogenic markers were expressed in both SVF cells and 
primary brown adipocytes; the expression of myogenic genes was relatively higher in SVF cells than that 
of primary brown adipocytes isolated from mice fed chow diet (Suppl. Fig 10A). However, while HFD 
either did not change or only induced a mild increase in myogenic marker expression in SVF cells, HFD 
seemed to induced more profound myogenic marker expression in primary brown adipocytes than in 
SVF cells to a level similar or higher than that of SVF levels (Suppl. Fig 10A). The increase in myogenic 
gene expression in primary brown adipocytes was more evident when gene expression was normalized 
to that of chow values in each of the SVF and adipocyte groups (Suppl. Fig 10B). Thus, our data suggest a 
prominent BAT-to-myocyte remodeling in primary brown adipocytes upon HFD feeding, which may 
primarily contribute to the BAT-to-myocyte switch observed in iBAT from HFD-fed mice.   These data are 
now presented in Suppl. Fig 10 and described in page 11, lines 259-275. 

In addition, to investigate whether UTX regulates BAT-to-myocyte remodeling via a cell 
autonomous manner, we knocked down Utx in a brown adipocyte cell line BAT1 cells 39, 40. As expected, 
knocking down Utx in BAT1 cells significantly upregulated MyHC immunostaining (Fig 2I), similar to that 
of iBAT from UTXKO mice (Fig 2G), indicating UTX’s regulation of BAT-to-myocyte remodeling is 
mediated via a cell autonomous manner.  This has been presented in Fig 2I, and described in page 9, 
lines 212-216. 

4. In Figure 7F-H, the authors showed that Prdm16 knockdown reduced DNA methylation and Dnmt1 
binding at Myod1 promoter. Whether such changes in DNA methylation and Dnmt1 binding would 
impact on Myod1 expression should be determined. 



Thank you for pointing this out. We have now measured Myod1 expression in BAT1 cells with 
Prdm16 knockdown. We found that Prdm16 knockdown in BAT1 cells reduced DNA methylation at 
Myod1 promoter (now Fig 9I), with concomitant up-regulation of Myod1 expression (Fig 9J). In addition, 
we found Utx knockdown in BAT1 cells reduced DNA methylation at Myod1 promoter (Fig 9G), which 
was also associated with upregulation of Myod1 expression (Fig 9H). These data are now presented in 
Fig 9J and 9H, and described in page 23, lines 565-571. 
 

5. Co-IP western blots in Figure 7I-K are very poor quality and appropriate controls (e.g, input) are 
missing. The interaction between Prdm16 and Dnmt1 should be validated through well-controlled 
reciprocal immune-precipitation and by demonstrating nuclear colocalization of Prdm16 and Dnmt1. 
Additionally, if Prdm16 and Dnmt1 interacts, how Prdm16 increases Dnmt1 binding to Myod1 promoters? 
Does Prdm16 guide Dnmt1 to Myod1 promoter or control Dnmt1 stability so that more Dnmt1 can bind 
to Myod1 promoter instead of being degraded? Previous studies on Dnmt1 stability have demonstrated 
that NTD domain of Dnmt1, which may be responsible for interaction of Dnmt1 with Prdm16, is 
important for Dnmt1 stability through modulating interaction with SET7 and AKT1(Esteve et al., 2011). 
This study implies that Prdm16 and SET7 may compete for binding to Dnmt1, and thus increased Prdm16 
level would lead to prevent SET7-mediated Dnmt1 degradation. Therefore, addition of data on Dnmt1 
stability and Dnmt1 binding to Myod1 promoter (e,g, EMSA assay) in response to altered Prdm16 
expression is needed to provide more mechanistic insights into physiological role of Utx-Dnmt1 
interaction. 

We agree with reviewer’s comments. We have now added input controls for the experiments 
studying the interactions between PRDM16 and DNMT1 (now Fig 10B, C and D). 

We also agree that recent data suggest that the NTD domain on DNMT1 regulates its protein 
stability by interacting with the protein lysine methyltransferase SET7 and the serine/threonine kinase 
AKT1 41. Thus, to study whether the observed interaction between PRDM16 and the NTD domain on 
DNMT1 regulates DNMT1 protein stability, we co-transfected PRDM16 and DNMT1 into HEK293T cells 
and treated cells with the protein translation inhibitor cycloheximide. As shown in Fig 10E, co-
transfection of PRDM16 and DNMT1 significantly prevented DNMT1 protein degradation following 
cycloheximide treatment, indicating that the presence of PRDM16 increases DNMT1 protein stability, 
possibly through binding to the NTD domain on DNMT1.  

In addition, ChIP and Re-ChIP assay on Myod1 promoter with serial immunoprecipitation against 
PRDM16 and DNMT1 suggest that the presence of PRDM16 significantly increased both PRDM16 and 
DNMT1 binding on Myod1 promoter (Fig 10F), which could in turn regulate Myod1 promoter DNA 
methylation and Myod1 expression. Thus, our data suggest that the increased binding of PRDM16 with 
DNMT1 at Myod1 promoter when PRDM16 is present is probably due to two mechanisms, first, PRDM16 
could increase DNMT1 protein stability via binding to the NTS domain on DNMT1, as shown in Fig 10E; 
and second, PRDM16 could increase the recruitment of DNMT1 to the Myod1 promoter, as shown in the 
ChIP and Re-ChIP assay in Fig 10F. These data are described in pages 24-25, lines 600-615. 

 
6. What is the mechanism whereby Dnmt1-mediated methylation decreases Myod1 expression? What 
are the effects of Dnmt1-mediated DNA methylation on bindings of related transcription factor(s) and/or 
histone modifications, which are engaged in the activation of Myod1 transcription in brown adipocytes? 



Thanks for this comment. Changes in DNA methylation have been shown to modulate histone 
methylation, which may act cooperatively to influence chromatin structure and thereby regulate gene 
expression 42. We therefore interrogated the effects of DNMT1-mediated DNA methylation on histone 
modifications at the Myod1 promoter by surveying the status of several common histone marks using 
ChIP assays. We found that Dnmt1 knockdown markedly reduced histone repressive mark histone 3 
lysine 9 trimethylation (H3K9me3) while simultaneously enhancing transcriptional active mark H3K4 
acetylation (H3K9ac) (Suppl. Fig 25A-B), without affecting other histone marks such as H3K9ac, 
H3K4me3 and H3K27me3 (Supp. Fig 25C-E). The reciprocal changes of decreased H3K9me3 and 
increased H3K4ac could contribute to increased chromatin accessibility at the Myod1 gene locus in iBAT 
of the UTXKO mice as revealed by ATAC-seq analysis (Suppl. Fig 25F), which may account for the up-
regulation of Myod1 expression that mediates BAT-to-myocyte remodeling in Utx- and Dnmt1-deficient 
BAT. This discussion was added in page 26, lines 651-662. 

 

Minor concerns: 

 
1. There are no scale bars in most histology and image data. The authors need to include proper scale 
bars in desired data (e.g., Figure1D, 2F, 2J, 3C, 3J, 6H). 

The scale bars have been added to all histology and image data. 

 

2. There are no information on molecular weight of target bands in all western blot data. The authors 
should provide appropriate information in all western blot data. 

The molecular weight of the target protein bands in all western blots has been added. 

 
3. In line 358, there is a typo error. Myd1 needs to change to Myod1. 

The typo has been corrected. 
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Reviewer #1: 

Remarks to the Author: 

The authors have addressed my comments. 
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Most concerns are properly addressed with new data in the revised manuscript. This reviewer has 
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