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4th Mar 20201st Editorial Decision

Dear Dr. Jiang, 

Thank you for submit t ing your manuscript  for considerat ion by EMBO Reports. My apologies for the
delay in gett ing back to you, it  took longer than ant icipated to receive the referee reports. Init ially
three referees agreed to review this manuscript . So far, we have received two referee reports that
are copied below. Given that both referees are in fair agreement that you should be given a chance
to revise the manuscript , I would like to ask you to begin revising your study along the lines
suggested by the referees. 

Please note that this is a preliminary decision made in the interest  of t ime, and that it  is subject  to
change should the third referee offer very strong and convincing reasons for this. As soon as/if we
receive the final report  on your manuscript , we will forward it  to you as well. 

As you can see, the referees find analysis on the fate of glucose in st imulated BAT of interest .
However, they also raise a number of concerns that need to be addressed to consider publicat ion
here. In part icular, the referees require 

- further insight into the fate of glucose (at  the level of CO2 analysis and non-oxidat ive fate of
glucose (ref #1 points 1 and 3, ref #2 point  1) 
- stronger support  into the BAT specific requirement of MPC mediated glucose import  into the
mitochondria for efficient  thermogenesis (ref #1 point  2 and ref #2 point  2). 

I find the reports informed and construct ive, and believe that addressing the concerns raised will
significant ly strengthen the manuscript . 

Given these construct ive comments, we would like to invite you to revise your manuscript  with the
understanding that the referee concerns (as in their reports) must be fully addressed and their
suggest ions taken on board. Please address all referee concerns in a complete point-by-point
response. Acceptance of the manuscript  will depend on a posit ive outcome of a second round of
review. It  is EMBO reports policy to allow a single round of revision only and acceptance or reject ion
of the manuscript  will therefore depend on the completeness of your responses included in the
next, final version of the manuscript . 

We generally allow three months as standard revision t ime. As a matter of policy, compet ing
manuscripts published during this period will not  negat ively impact on our assessment of the
conceptual advance presented by your study. However, we request that  you contact  the editor as
soon as possible upon publicat ion of any related work, to discuss how to proceed. Should you
foresee a problem in meet ing this three-month deadline, please let  us know in advance and we may
be able to grant an extension. 

IMPORTANT NOTE: we perform an init ial quality control of all revised manuscripts before re-review.
Your manuscript  will FAIL this control and the handling will be DELAYED if the following APPLIES: 
1. A data availability sect ion providing access to data deposited in public databases is missing
(where applicable). 
2. Your manuscript  contains stat ist ics and error bars based on n=2 or on technical replicates.
Please use scatter plots in these cases. 

Supplementary/addit ional data: The Expanded View format, which will be displayed in the main



HTML of the paper in a collapsible format, has replaced the Supplementary informat ion. You can
submit  up to 5 images as Expanded View. Please follow the nomenclature Figure EV1, Figure EV2
etc. The figure legend for these should be included in the main manuscript  document file in a
sect ion called Expanded View Figure Legends after the main Figure Legends sect ion. Addit ional
Supplementary material should be supplied as a single pdf labeled Appendix. The Appendix includes
a table of content on the first  page with page numbers, all figures and their legends. Please follow
the nomenclature Appendix Figure Sx throughout the text  and also label the figures according to
this nomenclature. For more details please refer to our guide to authors. 

When submit t ing your revised manuscript , please carefully review the instruct ions that follow below.
Failure to include requested items will delay the evaluat ion of your revision. 

1) a .docx formatted version of the manuscript  text  (including legends for main figures, EV figures
and tables). Please make sure that the changes are highlighted to be clearly visible. 

2) individual product ion quality figure files as .eps, .t if, .jpg (one file per figure). 

3) a .docx formatted let ter INCLUDING the reviewers' reports and your detailed point-by-point
responses to their comments. As part  of the EMBO Press transparent editorial process, the point-
by-point  response is part  of the Review Process File (RPF), which will be published alongside your
paper. For more details on our Transparent Editorial Process, please visit  our website:
ht tps://www.embopress.org/page/journal/14693178/authorguide#transparentprocess 
You are able to opt out of this by let t ing the editorial office know (emboreports@embo.org). If you
do opt out, the Review Process File link will point  to the following statement: "No Review Process
File is available with this art icle, as the authors have chosen not to make the review process public
in this case." 

4) a complete author checklist , which you can download from our author guidelines (). Please insert
informat ion in the checklist  that  is also reflected in the manuscript . The completed author checklist
will also be part  of the RPF. 

5) Please note that all corresponding authors are required to supply an ORCID ID for their name
upon submission of a revised manuscript  (). Please find instruct ions on how to link your ORCID ID to
your account in our manuscript  t racking system in our Author guidelines (). 

6) We replaced Supplementary Informat ion with Expanded View (EV) Figures and Tables that are
collapsible/expandable online. A maximum of 5 EV Figures can be typeset. EV Figures should be
cited as 'Figure EV1, Figure EV2" etc... in the text  and their respect ive legends should be included in
the main text  after the legends of regular figures. 

- For the figures that you do NOT wish to display as Expanded View figures, they should be
bundled together with their legends in a single PDF file called *Appendix*, which should start  with a
short  Table of Content. Appendix figures should be referred to in the main text  as: "Appendix Figure
S1, Appendix Figure S2" etc. See detailed instruct ions regarding expanded view here: . 

- Addit ional Tables/Datasets should be labeled and referred to as Table EV1, Dataset EV1, etc.
Legends have to be provided in a separate tab in case of .xls files. Alternat ively, the legend can be
supplied as a separate text  file (README) and zipped together with the Table/Dataset file. 



7) We would also encourage you to include the source data for figure panels that show essent ial
data. 

Numerical data should be provided as individual .xls or .csv files (including a tab describing the data).
For blots or microscopy, uncropped images should be submit ted (using a zip archive if mult iple
images need to be supplied for one panel). Addit ional informat ion on source data and instruct ion on
how to label the files are available . 

8) Our journal encourages inclusion of *data citat ions in the reference list* to direct ly cite datasets
that were re-used and obtained from public databases. Data citat ions in the art icle text  are dist inct
from normal bibliographical citat ions and should direct ly link to the database records from which the
data can be accessed. In the main text , data citat ions are formatted as follows: "Data ref: Smith et
al, 2001" or "Data ref: NCBI Sequence Read Archive PRJNA342805, 2017". In the Reference list ,
data citat ions must be labeled with "[DATASET]". A data reference must provide the database
name, accession number/ident ifiers and a resolvable link to the landing page from which the data
can be accessed at  the end of the reference. Further instruct ions are available at  . 

9) Please make sure to include a Data Availability Sect ion before submit t ing your revision - if it  is not
applicable, make a statement that no data were deposited in a public database. Primary datasets
(and computer code, where appropriate) produced in this study need to be deposited in an
appropriate public database (see ). 

Please remember to provide a reviewer password if the datasets are not yet  public. 

The accession numbers and database should be listed in a formal "Data Availability " sect ion
(placed after Materials & Method) that follows the model below. Please note that the Data
Availability Sect ion is restricted to new primary data that are part  of this study. 

# Data availability 

The datasets (and computer code) produced in this study are available in the following databases: 

- RNA-Seq data: Gene Expression Omnibus GSE46843
(https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE46843) 
- [data type]: [name of the resource] [accession number/ident ifier/doi] ([URL or
ident ifiers.org/DATABASE:ACCESSION]) 

*** Note - All links should resolve to a page where the data can be accessed. *** 

10) Regarding data quant ificat ion, please ensure to specify the name of the stat ist ical test  used to
generate error bars and P values, the number (n) of independent experiments underlying each data
point  (not replicate measures of one sample), and the test  used to calculate p-values in each figure
legend. Discussion of stat ist ical methodology can be reported in the materials and methods sect ion,
but figure legends should contain a basic descript ion of n, P and the test  applied. 
Please note that error bars and stat ist ical comparisons may only be applied to data obtained from
at least  three independent biological replicates. 
Please also include scale bars in all microscopy images. 



We would also welcome the submission of cover suggest ions, or mot ifs to be used by our Graphics
Illustrator in designing a cover. 

I look forward to seeing a revised version of your manuscript  when it  is ready. Please let  me know if
you have quest ions or comments regarding the revision. 

Yours sincerely, 

Deniz Senyilmaz Tiebe 

Deniz Senyilmaz Tiebe, PhD 
Editor 
EMBO Reports 

Referee #1: 

Brown adipose t issue, which is specialized in heat generat ion to keep a constant body temperature,
uptakes large amount of glucose when it  is act ivated. It  is well established that free fat ty acids are
physiological act ivator of UCP1 and the main fuel of brown adipocytes. The metabolic fate of
glucose is unclear. Theoret ically, glucose has different metabolic fates in act ivated brown
adipocytes including glycolyt ic ATP product ion, anaplerot ic react ions in mitochondria, de novo fat ty
acids synthesis and fat ty acid reesterificat ion. The manuscript  by Ning et  al., t raced the metabolic
fate of glucose in brown fat  in vivo through isotope labeling. The authors found that 10-days cold
exposure dramat ically increased enrichment of two-carbon (m+2) labeled TCA cycle intermediates,
while did not alter the enrichment of glycolyt ic intermediates in brown fat . By inject ion of inhibitors of
mitochondrial pyruvate carrier (MPC) to the mice, the authors observed that m+2 labeled TCA cycle
intermediates were decreased in brown fat  and body temperature homeostasis was impaired.
Consequent ly, the authors concluded that glucose is oxidized and required for thermogenesis in
cold-act ivated brown fat . To further improve the manuscript , the following issues are needed to be
addressed. 
Major: 
1. Based on the current results, glucose is metalized rather than oxidized. One possibility is that
glucose is metabolized for de novo fat ty acids synthesis. To provide evidence that glucose is
oxidized, CO2 need to be collected and analyzed its carbon labeling. 
2. Inject ion of MPC inhibitors into mice was a whole body effect . MPC inhibitors target every organ.
Therefore, the body temperature phenotype could not be considered as a direct  consequence of
impaired BAT thermogenesis. Furthermore, the authors need to demonstrate whether the
thermogenesis funct ion of brown fat  is affected by MPC inhibit ion by monitoring brown fat
temperature or brown fat  cell thermogenesis. 
3. How about the labeling informat ion of other metabolites such as G3P, fat ty acids? Does the
glucose only funct ion to fuel TCA cycle in brown fat? 
4. As fat ty acids are believed to act  as the main fuels for brown fat  thermogenesis, it  is therefore of
interest  to discuss why brown fat  mitochondria metabolize glucose to fuel TCA cycle in parallel. The
authors should discuss possible reasons in the discussion part . 

Minor: 
1. How enrichment is calculated? How about total abundance? These informat ion need to be
provided. 



2. what 's the N number for cell culture experiments? n=3 is 3 biological experiments or technical
replicates? 
3. Brown fat  uptakes glucose upon acute act ivat ion. The authors explored the metabolic fate of
glucose in 10-days cold-acclimated mice. How about the acute act ivat ion condit ion? Is the
metabolic fate of glucose different from cold-acclimated mice? 
4. In fig 6c, it  seems that the body temperatures of MPC blocked mice were recovered gradually,
which indicates compensatory adaptat ion. Could the authors please comment on this point? 
5 Line 486, different iated should be Different iated. 

Referee #3: 

In this study, Ning et  al. invest igate the metabolic fate of circulat ing glucose in cold- or
pharmacologically-st imulated brown adipocytes. The authors first  gave a bolus i.p inject ion of
[U13C]glucose in male and female mice individually housed at  6{degree sign}C (cold exposure) or
30{degree sign}C (thermoneutral) for 10 days and examined circulat ing and t issue enrichment of
13C-labelled glucose and the subsequent distribut ion of the label within glycolyt ic and TCA cycle
intermediates. The authors demonstrate that although circulat ing glucose enrichment is the same
in thermoneutral and cold exposed mice, BAT glucose enrichment of the cold exposed mice was
less than 10% of the thermoneutral mice, which the authors posit  may reflect  the increased
glucose oxidat ion rate in BAT in the cold, as suggested by the increased enrichment of TCA cycle
intermediates. The enrichment of TCA cycle intermediates also increased in the
subcutaneousWAT that appears to have 'browned' in cold exposed mice, but not in the
gonadalWAT (a more classic WAT depot). The authors then used metabolomics flux analysis to
examine the metabolic fate of glucose in different iated brown adipocytes st imulated with a beta3-
adrenergic receptor agonist  (CL316,243) without and with the inhibit ion of the mitochondrial
pyruvate carrier (MPC), which is highly induced in cold-exposed mice and plays an important role in
ensuring the oxidat ion of pyruvate. Indeed, the inhibit ion of MPC suppressed the enrichment of TCA
cycle intermediates. The authors conclude that glucose oxidat ion is indispensable to BAT
thermogenesis in mice. 

Crit ique: 
This is a very elegant ly performed study that is certainly very t imely for the field, well writ ten and
good descript ion of methods. It  is nice to see experiments performed in male and female mice and
data presented disaggregated. The metabolomics approaches used provide valuable insight into
the oxidat ive fate of glucose in both unst imulated and st imulated BAT, 'browned/beiged' sWAT and
gWAT. The oxidat ive fate of glucose in BAT is of part icular interest  and the results gained will prove
invaluable not only for future studies applying similar methods, but also in the interpretat ion of
results generated by FDG PET or in the development of other PET radiotracers interested in
examining BAT oxidat ive metabolism. There are, however, several crit ical gaps that warrant further
clarificat ion, some of which can likely be addressed through addit ional experiments. 
Major 
1) The in vivo measures of glucose flux in BAT and its subsequent metabolic fate provides a
valuable extension of the current ly available data derived in vit ro. However, there are two crit ical
gaps that could assist  in complet ing the story. First , the lack of whole-body CO2 product ion, expired
13CO2 and t issue 13CO2 leaves a significant gap and therefore leads to several unverified
assumptions within the study. If interested in determining the rate of oxidat ion of 13C-labeled
glucose, you must at  least  determine the rate of 13CO2 produced either at  the whole-body and/or
by the t issue. It  is difficult  to invest igate the oxidat ion of a substrate without knowing the rate with
which the final downstream product (CO2) is produced. Several inferences could be made with the



measure of whole-body VCO2 and 13CO2. Both are also simple measures to make with any
metabolic system. If you assume a large proport ion of the increased thermogenesis after 10 d of
cold exposure is due to BAT, then several inferences could be made about 13CO2/totalCO2
product ion and its relat ionship to BAT glucose oxidat ion. Fick-derived measures of t issue 13CO2
would be helpful too, but more difficult  to execute. The addit ion of indirect  calorimetry, to quant ify
total VCO2 and substrate ut ilisat ion, combined with measures of 13C carbon dioxide enrichment
(13CO2) would provide valuable context  to the current data. 

The second gap is in examining the non-oxidat ive fate of the glucose (de novo fat ty acid synthesis,
glyceroneogenesis). Several lines of evidence from in vit ro experiments (PMID: 27110487),
inferences made from cold-acclimat ion-induced changes in gene expression (PMID: 25681456) and
in vivo studies (PMID: 15688247, 10198378) suggest that  a large proport ion of glucose taken up by
BAT under st imulated condit ions is used for de novo fat ty acid synthesis and glyceroneogenesis, to
support  the high intracellular TG turnover. The reduct ionist  perspect ive presented here omits this
crit ical fate of glucose. This manuscript  would benefit  from examining at  least  the enrichment of
glycerol-3-phosphate/glycerol and FA isotopologues in BAT to provide valuable context . 

2) The conclusion that glucose oxidat ion is required for thermogenesis in the cold-act ivated brown
adipose t issue is a significant overstatement of the study findings and not fully supported by the
data provided. Glucose oxidat ion in BAT may indeed increase in the cold, but the evidence
support ing that it  is required for thermogenesis is lacking. The fact  that  Tcore (Figure 6C) appears
to recover over t ime following MPC inhibit ion, which is the only data available to support  this
premise, seems to refute that conclusion (shows the effect  is t ransient). As total energy
expenditure increases ~5-fold (again, could be measured by indirect  calorimetry) or more at  such an
intense cold, does it  not  make sense that glucose-derived TCA cycle intermediates also increase?
Quant itat ively, this may not be all that  significant as iTG is the predominant fuel source. Fig 4
suggests that the cold-induced increase in glucose oxidat ion likely accounts for ~10% of total
carbon flux through TCA cycle (cit rate m+0 went down ~10% and m+3 went up ~10%). What both
the in vivo and in vit ro data suggests is that  a certain proport ion of glucose taken up by the t issue
is directed towards oxidat ion and that this flux increases in the cold or with CL-treatment. It  could
be worth considering Seahorse experiments to examine the effects of inhibit ing MPC (and PDH) on
OCR. 

Minor 
1) In Fig. 6, it  would be useful to have the enrichment of the glycolyt ic metabolites (upstream of the
inhibit ion). 
2) Figures 2 and 3, would benefit  from present ing t issue enrichments of 13C-glucose. 
3) On Line 244 - the authors report  that  '...over 40% of the TCA cycle intermediates in BAT was
labeled upon a bolus IP inject ion of [U-13 C]glucose tracer, our results suggested that glucose
served as an important energy source for mitochondrial oxidat ion in the BAT of mice upon chronic
cold exposure.' It  is unclear where this 40% is derived from. Figure 1E shows 20%? 
4) Fig 6. seems to also suggest that  there may be effects on anaplerot ic pathways - has this been
examined? 
5) There is far too much of an emphasis and crit icism about FDG. While it  is valuable for providing
some context , it  is referenced too often and tends to distract  from the focus of the study. FDG is
not intended to demonstrate the metabolic fate of glucose, whether it  is combined with 11C-
acetate or not. Consider revising this emphasis, as it  is quite distract ing (unnecessarily) - the data is
good enough to stand on its own without the comparison. 
6) Lines 277-279 - the authors state 'enhanced fat ty acids metabolism in BAT upon cold exposure
was observed by the 18FTHA -PET imaging in both rodent models and humans (37)' - it  is



important to note that FTHA reflects circulat ing FA uptake, but BAT thermogenesis appears
primarily fueled by intracellular fat ty acids.



Reviewer 1: 

Major: 1. Based on the current results, glucose is metalized rather than oxidized. One possibility is that 

glucose is metabolized for de novo fatty acids synthesis. To provide evidence that glucose is oxidized, 

CO2 need to be collected and analyzed its carbon labeling.  

Response: We agree that measuring the enrichment of 13CO2 from the [U-13C]glucose tracer is the best 

assay to directly show glucose oxidation, as CO2 is the direct product of glucose oxidation. We found 

that the relative CO2 enrichment in plasma was significantly induced after 10 days of cold exposure, 

which was included as Fig.2H in the revised manuscript. 

2. Injection of MPC inhibitors into mice was a whole-body effect. MPC inhibitors target every organ. Therefore, the body

temperature phenotype could not be considered as a direct consequence of impaired BAT thermogenesis. Furthermore,

the authors need to demonstrate whether the thermogenesis function of brown fat is affected by MPC inhibition by

monitoring brown fat temperature or brown fat cell thermogenesis.

Response: We agree that IP injection of MPC inhibitors targets multiple organs of the mice. Our

glucose tracing data showed that MPC inhibitor repressed the enrichment of TCA cycle

intermediates in all adipose tissues, including BAT, sWAT and gWAT. We used an infrared camera to

monitor the body temperature of CHC-treated mice. We found the overall body temperature, not

only BAT, was lower after CHC treatment. We appreciated your advice on direct BAT temperature

measurements, but we don’t have access to those methods in our institute yet. We will try to find

collaborators to complete those measurement in future studies.

In the meantime, we discussed that “a currently preprinted study showed that mice with BAT-selective deletion 

of MPC1 (BAT-MPC1) also had significantly lower core body temperatures than their littermate controls”. One of our 

authors, Dr. Jared Rutter, is also an author on that manuscript of BAT-MPC1 mice. Dr. Rutter knew both stories since 

January 2019. We decided to use chemical inhibition in our study, as Dr. Villanueva was working on the genetic mice 

model. Our independent studies showed that both BAT-MPC1-KO and MPC inhibitor impaired glucose metabolism in 

BAT and body temperature control in mice. 

We agree that, with our own data using the MPC inhibitor, “the body temperature phenotype could not be 

considered as a direct consequence of impaired BAT thermogenesis.” We therefore have toned down the conclusion of 

MPC on BAT thermogenesis, and we focused on the cold-induced glucose oxidation in BAT in the revised manuscript. We 

changed our manuscript title to “Cold exposure enhances glucose oxidation in brown adipose tissue”. 

3. How about the labeling information of other metabolites such as G3P, fatty acids? Does the glucose only function to

fuel the TCA cycle in brown fat?

Response: Thanks for the advice to check the enrichment of G3P and fatty acids. Cold exposure significantly induced the

enrichment of m+3 G3P, although the G3P level was reduced upon cold exposure. These data suggested that, in addition

to fueling the TCA cycle, glucose can also provide G3P for TG synthesis.

Cold exposure also significantly induced the enrichment of fatty acids (palmitate), but the levels of enrichment 

are very low (less than 0.5%) in palmitate in both groups. These data suggested the activity of de novo fatty acids 

synthesis was very low in our 

experiment setting. Together with 

the high enrichment of TCA cycle 

intermediates, our data suggest 

glucose is primarily used for 

oxidation and TG synthesis, and cold 

exposure increases both glucose-

dependent metabolic pathways.  

22nd Jul 20201st Authors' Response to Reviewers



 

4. As fatty acids are believed to act as the main fuels for brown fat thermogenesis, it is therefore of interest to discuss 

why brown fat mitochondria metabolize glucose to fuel the TCA cycle in parallel. The authors should discuss possible 

reasons in the discussion part.  

Response: Thanks for your advice. Our glucose tracing showed that upon chronic 10 days cold exposure, “brown fat 

mitochondria metabolize glucose to fuel TCA cycle”. In comparison, most of the earlier studies (PMID: 3730946, PMID: 

20124047, PMID: 28089568 and PMID: 25681456) showed that, upon acute cold exposure, “fatty acids are believed to 

act as the main fuels for brown fat thermogenesis”. One of these studies (PMID: 20124047) shows that the total lipid 

content of BAT is significantly reduced after cold exposure. It is likely that, when intracellular TG is reduced after chronic 

cold exposure, glucose acts as another fuel for brown fat thermogenesis. We included further discussion in the revised 

manuscript.  

 

Minor:  1. How enrichment is calculated? How about total abundance? These information need to be provided.  

Response: Thanks for the advice. We will add the calculation in the method section of the revised manuscript. 

To determine the relative metabolite abundance across samples, the area of the total ion current peak for the 

metabolite of interest was normalized to protein content. The mass isotopomer distribution analysis measured the 

fraction of each metabolite pool that contained every possible number of 13C atoms: a metabolite could contain 0, 1, 

2, …n 13C atoms, where n = the number of carbons in the metabolite. For each metabolite, an informative fragment ion 

containing all carbons in the parent molecule was analyzed by MATLAB software (MathWorks, CA, USA). The abundance 

of all mass isotopomers was integrated from m+0 to m+n, where m = the mass of the fragment ion without any 13C. The 

abundance of each mass isotopomer was then corrected mathematically to account for natural abundance isotopes and 

finally converted into a percentage of the total pool. 

 

2. What's the N number for cell culture experiments? n=3 is 3 biological experiments or technical replicates?   

Response: All the cell culture experiments were repeated for at least 3 times, and the data were shown as 3 biological 

repeats in one representative experiment.  

 

3. Brown fat uptakes glucose upon acute activation. The authors explored the metabolic fate of glucose in 10-days cold-

acclimated mice. How about the acute activation condition? Is the metabolic fate of glucose different from cold-

acclimated mice?  

Response: A recent study showed that cold exposure increased succinate in BAT. This study also performed the glucose 

tracing assays in mice upon acute (3 hours) cold exposure, and there were no changes in the enrichment of glycolytic 

and TCA cycle intermediates. It is likely that, when intracellular TG is reduced after chronic 10 days cold exposure, 

glucose acts as another fuel for brown fat thermogenesis. We further discuss the difference between acute and chronic 

cold exposure in the discussion section of the revised manuscript. 

 

4. In fig 6c, it seems that the body temperatures of MPC blocked mice were recovered gradually, which indicates 

compensatory adaptation. Could the authors please comment on this point?  

Response: There are two potential compensatory adaptations, upon MPC inhibition. Mitochondria can uptake 3 carbon 

units through pyruvate-alanine cycling, which has been reported in the liver-specific MPC mice (PMID: 26344101). 

Blocking MPC-mediated glucose oxidation can also be compensated by fatty acid oxidation, which is independent of 

MPC. We further discussed this in the revised manuscript. 

 

5 Line 486, differentiated should be Differentiated. 

 Response: Thanks. We made the change in the revised manuscript. 

 



Reviewer 3: 

Critique:  

This is a very elegantly performed study that is certainly very timely for the field, well written and good description of 

methods. It is nice to see experiments performed in male and female mice and data presented disaggregated. The 

metabolomics approaches used provide valuable insight into the oxidative fate of glucose in both unstimulated and 

stimulated BAT, 'browned/beiged' sWAT and gWAT. The oxidative fate of glucose in BAT is of particular interest and the 

results gained will prove invaluable not only for future studies applying similar methods, but also in the interpretation of 

results generated by FDG PET or in the development of other PET radiotracers interested in examining BAT oxidative 

metabolism. There are, however, several critical gaps that warrant further clarification, some of which can likely be 

addressed through additional experiments.  

Major  

1a) The in vivo measures of glucose flux in BAT and its subsequent metabolic fate provides a valuable extension of the 

currently available data derived in vitro. However, there are two critical gaps that could assist in completing the story. 

First, the lack of whole-body CO2 production, expired 13CO2 and tissue 13CO2 leaves a significant gap and therefore 

leads to several unverified assumptions within the study. If interested in determining the rate of oxidation of 13C-labeled 

glucose, you must at least determine the rate of 13CO2 produced either at the whole-body and/or by the tissue. It is 

difficult to investigate the oxidation of a substrate without knowing the rate with which the final downstream product 

(CO2) is produced. Several inferences could be made with the measure of whole-body VCO2 and 13CO2. Both are also 

simple measures to make with any metabolic system. If you assume a large proportion of the increased thermogenesis 

after 10 d of cold exposure is due to BAT, then several inferences could be made about 13CO2/totalCO2 production and 

its relationship to BAT glucose oxidation. Fick-derived measures of tissue 13CO2 would be helpful too, but more difficult 

to execute. The addition of indirect calorimetry, to quantify total VCO2 and substrate utilisation, combined with 

measures of 13C carbon dioxide enrichment (13CO2) would provide valuable context to the current data.  

Response: Thanks for your advice. The other reviewer (major 1) also suggested us to measure CO2 enrichment. Please 

see our response on page 1.  

 

1b) The second gap is in examining the non-oxidative fate of the glucose (de novo fatty acid synthesis, glyceroneogenesis). 

Several lines of evidence from in vitro experiments (PMID: 27110487), inferences made from cold-acclimation-induced 

changes in gene expression (PMID: 25681456) and in vivo studies (PMID: 15688247, 10198378) suggest that a large 

proportion of glucose taken up by BAT under stimulated conditions is used for de novo fatty acid synthesis and 

glyceroneogenesis, to support the high intracellular TG turnover. The reductionist perspective presented here omits this 

critical fate of glucose. This manuscript would benefit from examining at least the enrichment of glycerol-3-

phosphate/glycerol and FA isotopologues in BAT to provide valuable context.   

Response: Thanks for your advice. The other reviewer (major 3) also suggested examining the enrichment of glycerol-3-

phosphate/glycerol and FA isotopologues. Please see our response on page 1. 

 

2a) The conclusion that glucose oxidation is required for thermogenesis in the cold-activated brown adipose tissue is a 

significant overstatement of the study findings and not fully supported by the data provided. Glucose oxidation in BAT 

may indeed increase in the cold, but the evidence supporting that it is required for thermogenesis is lacking. The fact that 

Tcore (Figure 6C) appears to recover over time following MPC inhibition, which is the only data available to support this 

premise, seems to refute that conclusion (shows the effect is transient).   

Response: We agree that glucose oxidation is required for thermogenesis in the cold-activated brown adipose tissue is an 

overstatement, and the other reviewer (major 2) also had a similar question. Please see our response on page 1. 

The other reviewer (Minor 4) also had a question about the recovery of body temperature after the injection of 

an MPC inhibitor. Please see our response on page 2.  

 



2b) As total energy expenditure increases ~5-fold (again, could be measured by indirect calorimetry) or more at such an 

intense cold, does it not make sense that glucose-derived TCA cycle intermediates also increase? Quantitatively, this may 

not be all that significant as iTG is the predominant fuel source. Fig 4 suggests that the cold-induced increase in glucose 

oxidation likely accounts for ~10% of total carbon flux through TCA cycle (citrate m+0 went down ~10% and m+3 went up 

~10%). What both the in vivo and in vitro data suggests is that a certain proportion of glucose taken up by the tissue is 

directed towards oxidation and that this flux increases in the cold or with CL-treatment. It could be worth considering 

Seahorse experiments to examine the effects of inhibiting MPC (and PDH) on OCR.  

Response: We agree that TG has been accepted as the predominant fuel source in BAT, but mice defective in brown fat 

lipolysis are not cold sensitive (PMID: 28988822). Dr. Ronald Kahn’s recent study also showed that BAT had the flexibility 

in glucose and fat acids utilization (PMID: 31000437). Our semi-quantitative tracing data showed that, 15min after [U-
13C]glucose injection, about 40% of the TCA cycle intermediates were enriched in BAT upon chronic cold exposure 

(Appendix Figure S1D). These data suggested BAT can also use glucose as another major fuel source. One possibility is 

that the kinetics of glucose and TG utilization are different in BAT upon cold exposure. Although TG is the predominant 

fuel source upon acute cold exposure, after chronic cold exposure, BAT can also use the 

available glucose after the injection of [U-13C]glucose tracer.  

Fig. 4 compared the glucose metabolism between differentiated brown adipocytes 

and the undifferentiated SVF, and Fig. 5 showed the effect on glucose metabolism in CL-

activated brown adipocytes. We performed seahorse experiments to measure the effect on 

UK5099 and CHC on oxygen consumption rate (OCR). Similar to our in vitro [U-13C]glucose 

tracing, both UK5099 and CHC significantly reduced OCR in primary brown adipocytes 

(Fig.5A).  

 

Minor  

1) In Fig. 6, it would be useful to have the enrichment of the 

glycolytic metabolites (upstream of the inhibition).   

Response: Thanks for the advice. Both CHC and UK5099 

treatment didn’t change the enrichment of glycolytic 

intermediates in vitro, but CHC repressed the enrichment of 

glycolytic intermediate in BAT in vivo. These data are 

included as Fig. 5 in the revised manuscript.  

 

 2) Figures 2 and 3, would benefit from presenting tissue 

enrichments of 13C-glucose.   

Response: Thanks for the advice. The data of tissue enrichments 

of 13C-glucose are added to the revised manuscript.  

 

3) On Line 244 - the authors report that '...over 40% of the TCA 

cycle intermediates in BAT was labeled upon a bolus IP injection 

of [U-13 C]glucose tracer, our results suggested that glucose 

served as an important energy source for mitochondrial 

oxidation in the BAT of mice upon chronic cold exposure.' It is 

unclear where this 40% is derived from. Figure 1E shows 20%?  

Response: Appendix Figure S1D showed that m+0 (unlabeled) 

fraction of most TCA cycle intermediates was less than 60% in 

BAT upon cold exposure, which suggested over 40% was labeled 



as m+1,2…n from [U-13C]glucose tracer. 

4) Fig 6. seems to also suggest that there may be effects on anaplerotic pathways - has this been examined?  

Response: Thanks for the advice. The m3 enrichment of 

TCA cycle intermediates represents the glucose-dependent 

anaplerotic reaction, pyruvate carboxylase (PC). MPC 

inhibition decreased both glucose-dependent oxidation 

(PDH) and anaplerosis (PC). This is not surprising, as both 

PDH and PC use mitochondrial pyruvate as substrate, and 

MPC inhibition impairs mitochondrial pyruvate uptake. 

These data are included as Fig. 5 in the revised manuscript. 

 

5) There is far too much of an emphasis and criticism about FDG. While it is valuable for providing some context, it is 

referenced too often and tends to distract from the focus of the study. FDG is not intended to demonstrate the metabolic 

fate of glucose, whether it is combined with 11C-acetate or not. Consider revising this emphasis, as it is quite distracting 

(unnecessarily) - the data is good enough to stand on its own without the comparison.  

Response: Thanks for your positive comment on our tracing approach in this study. We removed most of the discussion 

and comparison to FDG in the revised manuscript. 

 

6) Lines 277-279 - the authors state 'enhanced fatty acids metabolism in BAT upon cold exposure was observed by the 

18FTHA -PET imaging in both rodent models and humans (37)' - it is important to note that FTHA reflects circulating FA 

uptake, but BAT thermogenesis appears primarily fueled by intracellular fatty acids. 

Response: Thanks for the advice. We agree that “FTHA reflects circulating FA uptake” not fatty acids oxidation. Our 

glucose tracing showed that upon chronic 10 days cold exposure, brown fat mitochondria metabolized glucose to fuel 

the TCA cycle. We would like to use a similar stable isotope tracing approach to quantify the contribution of extracellular 

fatty acids to BAT thermogenesis. Several earlier studies (PMID: 3730946, PMID: 20124047, PMID: 28089568 and PMID: 

25681456) showed that, upon acute cold exposure, “BAT thermogenesis appears primarily fueled by intracellular fatty 

acids”. One of these studies (PMID: 25681456) showed that the 21 days cold-induced increase in oxidative activity was 

meaningfully blunted by nicotinic acid, a lipolysis inhibitor, and it worth to note that lipolysis inhibitor treatment also 

significantly decreased glucose uptake and fatty acid uptake in BAT. We included further discussion in the revision. 



19th Aug 20201st Revision - Editorial Decision

Dear Lei,

Thank you for submit t ing the revised version of your manuscript . It has now been seen by both of 
the original referees. 

As you can see, the referees find that the study is significant ly improved during revision. 
However, there are a couple of outstanding issues that need to be addressed prior to publicat ion. 
Please make sure that all textual changes are visible in the document by keeping 't rack changes' 
on.

1. As I ment ioned in my earlier email from 24.04.2020, referee 3 does not find the infrared camera to
be a reliable method for measurement of t issue thermogenesis/temperature. Therefore please keep
the data in, but please discuss the caveats of this method as explained by referee #3 in his/her
point  4 and tone down the conclusions regarding the effects of MPC1 inhibit ion on BAT
thermogenesis.

2. Both referees find that the abstract  does not fully reflect  the findings in the manuscript  (referee
#1, referee #3 point  1).

3. Referee #3 finds that the G3P enrichment experiment in BAT that was requested during the first
review round should also be demonstrated in female mice (point  3). Moreover, referee #3 requests
the demonstrat ion of G3P also in sWAT (point  2). As these points were not requested in the first
review round, addressing them experimentally is not prerequisite for publicat ion. However, if you
have data in hand already, this would of course strengthen the manuscript .

4. Please address the remaining minor concerns of referees.

Addit ionally, I need you to address the below editorial points.

• Please clarify in the text  and the figure legend that the data in Fig 2F and Fig S2B are calculated
from the same data set.
• As per our guidelines, please add a 'Data Availability Sect ion'. If inapplicable, please add the
sect ion anyway where you state that no data were deposited in a public database.
• Please provide 3-5 keywords for your study. These will be visible in the html version of the paper
and on PubMed and will help increase the discoverability of your work.
• We noted that there are st ill callouts to Supplementary tables. Please update the callouts to the
tables.
• We noted that the page numbers of Table of Contents of the Appendix is current ly missing.
• Papers published in EMBO Reports include a 'Synopsis' to further enhance discoverability.



Synopses are displayed on the html version of the paper and are freely accessible to all readers.
The synopsis includes a short  standfirst  summarizing the study in 1 or 2 sentences that summarize
the key findings of the paper and are provided by the authors and streamlined by the handling
editor. I would therefore ask you to include your synopsis blurb.
• In addit ion, please provide an image for the synopsis. This image should provide a rapid overview
of the quest ion addressed in the study but st ill needs to be kept fairly modest since the image size
cannot exceed 550x400 pixels. 
• Our product ion/data editors have asked you to clarify several points in the figure legends (see
attached document). Please incorporate these changes in the at tached word document and return
it  with t rack changes act ivated.

Thank you again for giving us to consider your manuscript  for EMBO Reports, I look forward to your
minor revision.

Kind regards,

Deniz 

--
Deniz Senyilmaz Tiebe, PhD
Editor
EMBO Reports

Referee #1:

This is an excellent  revision even that we are current ly in a global pandemic that may preclude the
complet ion of these studies in a t imely manner. The authors have thoroughly responded to the
reviewers' comments,and added some new experiments that are quite impressive. These
significant ly strengthen their conclusion. As I looking at  the revised manuscript , I appreciated the
authors highlight ing their chronic cold exposure data and different iated them from previously
published acute cold exposure data. Therefore, I would recommend the authors also highlight  this in
their t it le and abstract : the paper was talking about chronic cold exposure. By reasoning this way, i
suddenly realized that their in vit ro data were nevertheless acute CL st imulat ion,
represent ing/mimicking acute cold exposure. Thus, there is an inconsistency. Moreover, i guess in all
their seahorse data n=6-7 are technical repeats rather than biological repeats. The authors need to
clarify these points.

Referee #3:

The authors should be commended for the addit ional work performed to strengthen the manuscript
and to respond to some of the crit iques. However, some of the responses lacked clarity and it  was
not evident, where, if any, changes were made to the text  or figures to respond to the reviewer's
crit iques (please use underlined/red text  or something else to dist inguish what is new). The authors
directed the reviewer to responses given to the other reviewer, but often those quest ions and
responses were unrelated or inadequately responded to the crit ique. There are several outstanding
quest ions that require careful considerat ion.



1) The t it le and abstract  do not fully reflect  the findings of this paper. The key findings of this study
are, as stated in line 126-127, that  'Together with the high enrichment of TCA cycle intermediates,
our data suggest cold exposure increases glucose-dependent oxidat ion and TG synthesis (namely
glyceroneogenesis) in BAT.' The study in its current form is st ill focused on the glucose oxidat ion,
and gives the impression that this is the principal and most significant fate of glucose in chronically
cold-exposed mice and diminishes the non-oxidat ive fate of glucose (through glyceroneogenesis). 

2) With regards to the browning, it  would have been beneficial to also demonstrate the enrichment
of G3P in sWAT. Presumably, if there is an increased browning, and expect an accompanied
increase in thermogenic act ivity, both glucose oxidat ion and glyceroneogenesis (increased glucose-
derived G3P) should be increased (like BAT). 

3) Is G3P enrichment also increased in the BAT of female mice? Similar or different than the male
mice?

4) In response to the effect  of MPC1 inhibit ion on the body temperature maintenance of the mice
upon cold exposure, there is an inadequate explanat ion for this effect . First ly, thermal imaging is an
unreliable measure of anything more than surface temperature. It  does not detect  BAT
temperature or body temperature, only surface temperature (by its very funct ion, these cameras
measure the emissivity of the radiat ion emit ted by a surface). Secondly, reference to a pre-print
using a BAT-select ive delet ion of MPC1 is also irrelevant. The present model is not a BAT-select ive
delet ion and the pre-print  has not been reviewed yet. With the absence of MPC1, couldn't  FAO be
increased to compensate for the absence of pyruvate t ransport  (as suggested on lines 312-313)?
Couldn't  amino acids compensate for the absence of the anaploret ic react ions that pyruvate might
be involved in? If it  were only relevant for BAT thermogenesis, couldn't  skeletal muscle increase
their shivering act ivity to compensate, or does the MPC1 inhibit ion also impair skeletal muscle
metabolism? Could the MPC inhibit ion also be having effects at  the liver - perhaps reducing hepat ic
glucose output, which would decrease circulat ing glucose which could suppress both shivering and
BAT through centrally-mediated mechanisms? 

The statement 'Together, our results indicate that mitochondrial pyruvate uptake and oxidat ion is
required for opt imal thermogenesis in BAT and beige adipose t issue' is an over-extrapolat ion of
findings - there is no measure of BAT or beige thermogenesis in the present study. As commented
above, it  is unclear why body temperature is undefended following CHC inject ion. While the OCR
measures are interest ing, the most that  could be inferred from these results is that  MPC1 inhibit ion
reduces brown adipocyte respirat ion. 

5) The manuscript  in its present form is st ill filled with comparisons to FDG. This comparison has no
relevance to this study. Users of FDG know that it  doesn't  measure the metabolic fate of glucose. If
they were interested in the t issue metabolic fate of glucose they could use the approach used here
or 11C-glucose. As previously suggested, reference to FDG should be removed. Further, lines 254 -
256 are not accurate. FDG PET with 11C-acetate does not assist  in determining the fate of
glucose. They are completely independent measures that represent two dist inct ly different
outcomes - FDG = glucose uptake only, 11C-acetate = TOTAL TCA cycle flux (independent of the
source of acetyl-coA) 

6) The manuscript  would benefit  from a careful revision of the use of references. There are several
instances where there is an inaccurate depict ion of study methods or findings including, but
certainly not limited to, the following:



ex.1: lines 107-108 and line 316 - the authors use 3 different references regarding the use of
18FTHA -PET imaging in both rodent models and humans. All three are human only studies. Others
have used FTHA in rodents, but these are not them. 
ex.2: As stated by a previous reviewer, the statement that 'it  remains unclear whether the
thermogenic brown/beige adipose t issue could completely oxidize glucose in vivo' and cit ing the
work of Hankir and Klingenspor is a bit  misleading, as there is work discussed within this review as
well as the work that 's been done in vivo by others (eg. Ma & Foster and more recent ly PMID:
32769145). 
ex.3: Line 36 - Cypess et  al, 2013, does not report  uncoupled respirat ion, only Basal.

7) This manuscript  would benefit  from a detailed limitat ions sect ion, of which, many of been
referenced by previous reviewers. Namely, one must consider the single t ime point  of measurement
and how this t ruly reflects glucose kinet ics under steady state condit ions. One must also consider
whether there are any isotopic effects result ing from the compet it ion between endogenous and
exogenous (labelled) glucose, and whether the dose of 13C-glucose given increases glycemia.
Based on study of Nagao et  al. referenced here which uses half the dose given in the present
study, it  will definitely increase glycemia by a significant extent, which will impact BAT glucose
uptake and ult imately its fate, which may explain some of the outcomes presented here. Would the
same outcomes be expected if only t race amounts of glucose were given?



Referee #1: 

This is an excellent revision even that we are currently in a global pandemic that may preclude 

the completion of these studies in a timely manner. The authors have thoroughly responded to 

the reviewers' comments, and added some new experiments that are quite impressive. These 

significantly strengthen their conclusion. As I looking at the revised manuscript, I appreciated 

the authors highlighting their chronic cold exposure data and differentiated them from previously 

published acute cold exposure data. Therefore, I would recommend the authors also highlight 

this in their title and abstract: the paper was talking about chronic cold exposure. By reasoning 

this way, i suddenly realized that their in vitro data were nevertheless acute CL stimulation, 

representing/mimicking acute cold exposure. Thus, there is an inconsistency. Moreover, i guess 

in all their seahorse data n=6-7 are technical repeats rather than biological repeats. The authors 

need to clarify these points. 

We thank for your advice.  

We added “chronic cold exposure” to the title, and we also updated the abstract and text. 

An earlier study showed that 6 hours CL treatment induces the expression of glucose metabolic 

enzymes in brown adipocytes (PMID: 25516548). In this study, we performed in vitro tracing in 

adipocytes pre-treated with CL for 4 hours, followed by 2 hours tracing with CL treatment. We 

agree that longer (24 hours) CL pre-treatment will be a better mimic of chronic cold exposure, 

and we will test this in future studies. 

The seahorse experiment was performed with 6-7 wells of adipocytes, which were plated before 

the 8 days differentiation process. We believe that they are biological repeats.  

Referee #3: 

The authors should be commended for the additional work performed to strengthen the 

manuscript and to respond to some of the critiques. However, some of the responses lacked 

clarity and it was not evident, where, if any, changes were made to the text or figures to respond 

to the reviewer's critiques (please use underlined/red text or something else to distinguish what is 

new). The authors directed the reviewer to responses given to the other reviewer, but often those 

questions and responses were unrelated or inadequately responded to the critique. There are 

several outstanding questions that require careful consideration.  

We thank for your advice, and we are glad our previous revision was strengthened with 

additional experiments. In the first round of revision, a world file with tracing was uploaded. As 

we made significant changes to our manuscript, we removed the tracing in merged pdf file. We 

marked all the changes in red with comments and tracking in this round of revision.  

1) The title and abstract do not fully reflect the findings of this paper. The key findings of this

study are, as stated in line 126-127, that 'Together with the high enrichment of TCA cycle

intermediates, our data suggest cold exposure increases glucose-dependent oxidation and TG

synthesis (namely glyceroneogenesis) in BAT.' The study in its current form is still focused on

the glucose oxidation, and gives the impression that this is the principal and most significant fate

of glucose in chronically cold-exposed mice and diminishes the non-oxidative fate of glucose

(through glyceroneogenesis).

4th Sep 20202nd Authors' Response to Reviewers



We agree that our data suggest cold exposure increases glucose-dependent oxidation and 

glyceroneogenesis in BAT. Our in vivo tracing data showed that, upon chronic cold exposure, 

G3P enrichment is higher in the BAT and sWAT of male mice, and BAT, sWAT and gWAT of 

female mice, upon chronic cold exposure. Consistent with the previous report (PMID: 

29934543), our in vitro tracing data also show that G3P enrichment is higher in CL-treated 

brown adipocytes, but the relative abundance of m+3 G3P is lower after CL treatment. 

Furthermore, MPC inhibitors decrease OCR and the 

enrichment of TCA cycle intermediates in the 

cultured brown adipocytes, without altering G3P 

enrichment or abundance. Since the glucose-

dependent oxidation showed similar induction in 

both in vivo and in vitro models, our current study 

focuses on the glucose oxidation. We agree that 

glyceroneogenesis is important in BAT, and we will 

further look into it in the future studies.  

 2) With regards to the browning, it would have been beneficial to also demonstrate the 

enrichment of G3P in sWAT. Presumably, if there is an increased browning, and expect an 

accompanied increase in thermogenic activity, both glucose oxidation and glyceroneogenesis 

(increased glucose-derived G3P) should be increased (like BAT).  

3) Is G3P 

enrichment also 

increased in the 

BAT of female 

mice? Similar or 

different than the 

male mice?  

We thank for your advice. Similar to the induction in male mice, chronic cold exposure also 

increased the enrichment of m+3 G3P in the BAT of female mice. The induction of enrichment 

of m+3 G3P were also detected in the sWAT of both female and male mice, as well as the 

gWAT of female mice. These data are included as figure EV.3G-H in the revised manuscript. 

4) In response to the effect of MPC1 inhibition on the body temperature maintenance of the mice 

upon cold exposure, there is an inadequate explanation for this effect. Firstly, thermal imaging is 

an unreliable measure of anything more than surface temperature. It does not detect BAT 

temperature or body temperature, only surface temperature (by its very function, these cameras 

measure the emissivity of the radiation emitted by a surface). Secondly, reference to a pre-print 

using a BAT-selective deletion of MPC1 is also irrelevant. The present model is not a BAT-

selective deletion and the pre-print has not been reviewed yet. With the absence of MPC1, 

couldn't FAO be increased to compensate for the absence of pyruvate transport (as suggested on 

lines 312-313)? Couldn't amino acids compensate for the absence of the anaploretic reactions 

that pyruvate might be involved in? If it were only relevant for BAT thermogenesis, couldn't 

skeletal muscle increase their shivering activity to compensate, or does the MPC1 inhibition also 

impair skeletal muscle metabolism? Could the MPC inhibition also be having effects at the liver 



- perhaps reducing hepatic glucose output, which would decrease circulating glucose which 

could suppress both shivering and BAT through centrally-mediated mechanisms?  

The statement 'Together, our results indicate that mitochondrial pyruvate uptake and oxidation is 

required for optimal thermogenesis in BAT and beige adipose tissue' is an over-extrapolation of 

findings - there is no measure of BAT or beige thermogenesis in the present study. As 

commented above, it is unclear why body temperature is undefended following CHC injection. 

While the OCR measures are interesting, the most that could be inferred from these results is that 

MPC1 inhibition reduces brown adipocyte respiration.  

We agree that thermal imaging is an unreliable measure of body temperature, and we didn’t try 

to include the infrared image in the previous revision. We only took images of one pair of mice 

at different time points, which was only included in our previous point-to-point letter, not in the 

manuscript. Secondly, the earlier pre-print manuscript about BAT-selective deletion of MPC1 is 

now accepted in eLife (eLife 2020;9:e52558), which showed that conditional deletion of Mpc1 

in brown adipocytes leads to the impaired cold adaptation. 

We agree that our study didn’t directly measure the BAT or beige thermogenesis, and the CHC 

injection was not sufficient to show the role of BAT MPC in body temperature maintenance. We 

removed all the conclusion about thermogenesis, and we changed the statement to 

“mitochondrial pyruvate uptake and oxidation serves an important energy source in the chronic 

cold exposure activated BAT and beige adipose tissue, which supports a role for glucose 

oxidation in brown fat thermogenesis.” Line 34-36, 75-76, 301-303.  

5) The manuscript in its present form is still filled with comparisons to FDG. This comparison 

has no relevance to this study. Users of FDG know that it doesn't measure the metabolic fate of 

glucose. If they were interested in the tissue metabolic fate of glucose they could use the 

approach used here or 11C-glucose. As previously suggested, reference to FDG should be 

removed. Further, lines 254 - 256 are not accurate. FDG PET with 11C-acetate does not assist in 

determining the fate of glucose. They are completely independent measures that represent two 

distinctly different outcomes - FDG = glucose uptake only, 11C-acetate = TOTAL TCA cycle 

flux (independent of the source of acetyl-coA)  

We thank for your comment that [U-
13

C]glucose tracing is different from the FDG-PET, and we 

appreciate that you find tracing studies provides new information to BAT metabolism. The 

comparisons to FDG were added after our previous submissions, since many other readers might 

not be fully clear about the differences between [U-
13

C]glucose tracing and FDG-PET. As you 

advised in the first revision, we removed the criticism about FDG. We kept some comparison to 

FDG, since we feel it might help the wide reader of this journal. 

One example is that ‘FDG = glucose uptake only, 
11

C-acetate = TOTAL TCA cycle flux 

(independent of the source of acetyl-coA)’. Previous study used 
11

C-acetate tracing method to 

conclude the activated oxidative metabolism in BAT after cold stimulation (PMID: 28134339). 

To our knowledge, 
11

C-acetate-derived acetyl-CoA can be oxidized by TCA cycle or used for 

fatty acids synthesis. We changed lines 254-56 to ‘
18

F-FDG-PET and 
11

C-acetate-PET indirectly 

indicated the complete glucose oxidation in BAT in vivo’.   



6) The manuscript would benefit from a careful revision of the use of references. There are 

several instances where there is an inaccurate depiction of study methods or findings including, 

but certainly not limited to, the following: 

ex.1: lines 107-108 and line 316 - the authors use 3 different references regarding the use of 

18FTHA -PET imaging in both rodent models and humans. All three are human only studies. 

Others have used FTHA in rodents, but these are not them.  

ex.2: As stated by a previous reviewer, the statement that 'it remains unclear whether the 

thermogenic brown/beige adipose tissue could completely oxidize glucose in vivo' and citing the 

work of Hankir and Klingenspor is a bit misleading, as there is work discussed within this review 

as well as the work that's been done in vivo by others (eg. Ma & Foster and more recently PMID: 

32769145).  

ex.3: Line 36 - Cypess et al, 2013, does not report uncoupled respiration, only Basal. 

We apologize for citing the inaccurate studies, and we made the following corrections.  

Ex.1, we added PMID: 24423363 and PMID: 25681456 to lines 107-108.  

We added PMID: 28130074 and PMID: 25681456 to line 316. 

Ex. 2, we agree that early studies, including the more recently PMID: 32769145, used FDG or 

DOG to show the glucose uptake in the activated BAT, as they are non-metabolizable glucose 

tracers. Other studies, including Ma & Foster, measured plasma arteriovenous metabolic 

concentration differences across IBAT to show the glucose uptake and lactate/pyruvate secretion. 

As recent tracing study showed that lactate could also be a fuel for BAT (PMID: 32791100), we 

believe that the enrichment of TCA cycle intermediates from [U-13C]glucose tracer is a more 

direct analysis of glucose oxidation. With these reasons, we change the statement to 'it is still not 

fully clear whether the thermogenic brown/beige adipose tissue could completely oxidize 

glucose in vivo', lines 24, 62-63 

Ex. 3, the citation of ‘Cypess et al, 2013’ is replaced with Chouchani et al, 2016. 

We also made these corrections. Barquissau et al, 2016; Held et al., 2018 are removed from line 

123. Kory et al, 2018 is removed from line 265. Jiang et al, 2017 is removed from line 253. 

7) This manuscript would benefit from a detailed limitations section, of which, many of been 

referenced by previous reviewers. Namely, one must consider the single time point of 

measurement and how this truly reflects glucose kinetics under steady state conditions. One must 

also consider whether there are any isotopic effects resulting from the competition between 

endogenous and exogenous (labelled) glucose, and whether the dose of 13C-glucose given 

increases glycemia. Based on study of Nagao et al. referenced here which uses half the dose 

given in the present study, it will definitely increase glycemia by a significant extent, which will 

impact BAT glucose uptake and ultimately its fate, which may explain some of the outcomes 

presented here. Would the same outcomes be expected if only trace amounts of glucose were 

given?  

We agree that a detailed limitations section helps this study, and we added a paragraph to the 

discussion section. We also discussed the ‘competition between endogenous and exogenous 

(labelled) glucose’ in the results section, lines 151-154. 



10th Sep 20202nd Revision - Editorial Decision

Dear Lei,

Thank you for submit t ing your revised manuscript . I have now looked at  everything and all is fine.
Therefore I am very pleased to accept your manuscript  for publicat ion in EMBO Reports.

Congratulat ions on a nice study!

Kind regards,

Deniz
--
Deniz Senyilmaz Tiebe, PhD
Editor
EMBO Reports 

--
At the end of this email I include important informat ion about how to proceed. Please ensure that
you take the t ime to read the informat ion and complete and return the necessary forms to allow us
to publish your manuscript  as quickly as possible.

As part  of the EMBO publicat ion's Transparent Editorial Process, EMBO reports publishes online a
Review Process File to accompany accepted manuscripts. As you are aware, this File will be
published in conjunct ion with your paper and will include the referee reports, your point-by-point
response and all pert inent correspondence relat ing to the manuscript .

If you do NOT want this File to be published, please inform the editorial office within 2 days, if you
have not done so already, otherwise the File will be published by default  [contact :
emboreports@embo.org]. If you do opt out, the Review Process File link will point  to the following
statement: "No Review Process File is available with this art icle, as the authors have chosen not to
make the review process public in this case."

Should you be planning a Press Release on your art icle, please get in contact  with
emboreports@wiley.com as early as possible, in order to coordinate publicat ion and release dates.

Thank you again for your contribut ion to EMBO reports and congratulat ions on a successful
publicat ion. Please consider us again in the future for your most excit ing work.

********************************************************************************

THINGS TO DO NOW: 

You will receive proofs by e-mail approximately 2-3 weeks after all relevant files have been sent to
our Product ion Office; you should return your correct ions within 2 days of receiving the proofs. 

Please inform us if there is likely to be any difficulty in reaching you at  the above address at  that



t ime. Failure to meet our deadlines may result  in a delay of publicat ion, or publicat ion without your
correct ions. 

All further communicat ions concerning your paper should quote reference number EMBOR-2020-
50085V3 and be addressed to emboreports@wiley.com. 

Should you be planning a Press Release on your art icle, please get in contact  with
emboreports@wiley.com as early as possible, in order to coordinate publicat ion and release dates.
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� common tests, such as t-test (please specify whether paired vs. unpaired), simple χ2 tests, Wilcoxon and Mann-Whitney 
tests, can be unambiguously identified by name only, but more complex techniques should be described in the methods 
section;

� are tests one-sided or two-sided?
� are there adjustments for multiple comparisons?
� exact statistical test results, e.g., P values = x but not P values < x;
� definition of ‘center values’ as median or average;
� definition of error bars as s.d. or s.e.m. 
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3. Were any steps taken to minimize the effects of subjective bias when allocating animals/samples to treatment (e.g. 
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For animal studies, include a statement about randomization even if no randomization was used.

4.a. Were any steps taken to minimize the effects of subjective bias during group allocation or/and when assessing results 
(e.g. blinding of the investigator)? If yes please describe.

4.b. For animal studies, include a statement about blinding even if no blinding was done

5. For every figure, are statistical tests justified as appropriate?
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Is there an estimate of variation within each group of data?
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B- Statistics and general methods

the assay(s) and method(s) used to carry out the reported observations and measurements 
an explicit mention of the biological and chemical entity(ies) that are being measured.
an explicit mention of the biological and chemical entity(ies) that are altered/varied/perturbed in a controlled manner.

a statement of how many times the experiment shown was independently replicated in the laboratory.

Any descriptions too long for the figure legend should be included in the methods section and/or with the source data.

 

In the pink boxes below, please ensure that the answers to the following questions are reported in the manuscript itself. 
Every question should be answered. If the question is not relevant to your research, please write NA (non applicable).  
We encourage you to include a specific subsection in the methods section for statistics, reagents, animal models and human 
subjects.  

definitions of statistical methods and measures:

a description of the sample collection allowing the reader to understand whether the samples represent technical or 
biological replicates (including how many animals, litters, cultures, etc.).

The data shown in figures should satisfy the following conditions:

Source Data should be included to report the data underlying graphs. Please follow the guidelines set out in the author ship 
guidelines on Data Presentation.

Please fill out these boxes ê (Do not worry if you cannot see all your text once you press return)

a specification of the experimental system investigated (eg cell line, species name).

Sample size was chosen based on previous experiments in our lab, and consistant with other 
published papers. All the experiments used more than 6 mice for each group.

graphs include clearly labeled error bars for independent experiments and sample sizes. Unless justified, error bars should 
not be shown for technical replicates.
if n< 5, the individual data points from each experiment should be plotted and any statistical test employed should be 
justified

the exact sample size (n) for each experimental group/condition, given as a number, not a range;

Each figure caption should contain the following information, for each panel where they are relevant:

2. Captions

n=6~10 is enough to find significant differences.

No animal was excluded.

Mice were separated randomly to different groups.
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Yes

Not tested, but the statistic method used are chosen based on the sample types.

Yes, all the data showed the standard error of the average.

Mice were separated randomly to different groups

No blingding used. But different treatments/groups were handled randomly.

No blinding used. But different treatments/groups were handled randomly.

1. Data

the data were obtained and processed according to the field’s best practice and are presented to reflect the results of the 
experiments in an accurate and unbiased manner.
figure panels include only data points, measurements or observations that can be compared to each other in a scientifically 
meaningful way.



Is the variance similar between the groups that are being statistically compared?

6. To show that antibodies were profiled for use in the system under study (assay and species), provide a citation, catalog 
number and/or clone number, supplementary information or reference to an antibody validation profile. e.g., 
Antibodypedia (see link list at top right), 1DegreeBio (see link list at top right).

7. Identify the source of cell lines and report if they were recently authenticated (e.g., by STR profiling) and tested for 
mycoplasma contamination.

* for all hyperlinks, please see the table at the top right of the document

8. Report species, strain, gender, age of animals and genetic modification status where applicable. Please detail housing 
and husbandry conditions and the source of animals.

9. For experiments involving live vertebrates, include a statement of compliance with ethical regulations and identify the 
committee(s) approving the experiments.

10. We recommend consulting the ARRIVE guidelines (see link list at top right) (PLoS Biol. 8(6), e1000412, 2010) to ensure 
that other relevant aspects of animal studies are adequately reported. See author guidelines, under ‘Reporting 
Guidelines’. See also: NIH (see link list at top right) and MRC (see link list at top right) recommendations.  Please confirm 
compliance.

11. Identify the committee(s) approving the study protocol.

12. Include a statement confirming that informed consent was obtained from all subjects and that the experiments 
conformed to the principles set out in the WMA Declaration of Helsinki and the Department of Health and Human 
Services Belmont Report.

13. For publication of patient photos, include a statement confirming that consent to publish was obtained.

14. Report any restrictions on the availability (and/or on the use) of human data or samples.

15. Report the clinical trial registration number (at ClinicalTrials.gov or equivalent), where applicable.

16. For phase II and III randomized controlled trials, please refer to the CONSORT flow diagram (see link list at top right) 
and submit the CONSORT checklist (see link list at top right) with your submission. See author guidelines, under ‘Reporting 
Guidelines’. Please confirm you have submitted this list.

17. For tumor marker prognostic studies, we recommend that you follow the REMARK reporting guidelines (see link list at 
top right). See author guidelines, under ‘Reporting Guidelines’. Please confirm you have followed these guidelines.

18: Provide a “Data Availability” section at the end of the Materials & Methods, listing the accession codes for data 
generated in this study and deposited in a public database (e.g. RNA-Seq data: Gene Expression Omnibus GSE39462, 
Proteomics data: PRIDE PXD000208 etc.) Please refer to our author guidelines for ‘Data Deposition’.

Data deposition in a public repository is mandatory for: 
a. Protein, DNA and RNA sequences 
b. Macromolecular structures 
c. Crystallographic data for small molecules 
d. Functional genomics data 
e. Proteomics and molecular interactions

19. Deposition is strongly recommended for any datasets that are central and integral to the study; please consider the 
journal’s data policy. If no structured public repository exists for a given data type, we encourage the provision of datasets 
in the manuscript as a Supplementary Document (see author guidelines under ‘Expanded View’ or in unstructured 
repositories such as Dryad (see link list at top right) or Figshare (see link list at top right).
20. Access to human clinical and genomic datasets should be provided with as few restrictions as possible while respecting 
ethical obligations to the patients and relevant medical and legal issues. If practically possible and compatible with the 
individual consent agreement used in the study, such data should be deposited in one of the major public access-
controlled repositories such as dbGAP (see link list at top right) or EGA (see link list at top right).
21. Computational models that are central and integral to a study should be shared without restrictions and provided in a 
machine-readable form.  The relevant accession numbers or links should be provided. When possible, standardized format 
(SBML, CellML) should be used instead of scripts (e.g. MATLAB). Authors are strongly encouraged to follow the MIRIAM 
guidelines (see link list at top right) and deposit their model in a public database such as Biomodels (see link list at top 
right) or JWS Online (see link list at top right). If computer source code is provided with the paper, it should be deposited 
in a public repository or included in supplementary information.

22. Could your study fall under dual use research restrictions? Please check biosecurity documents (see link list at top 
right) and list of select agents and toxins (APHIS/CDC) (see link list at top right). According to our biosecurity guidelines, 
provide a statement only if it could.

C- Reagents

D- Animal Models

E- Human Subjects

Primary brown adipocytes were extracted from interscapular brown fat pad of 5-8 days old mouse 
pups, and cited in the manucript. The differentiation was confirmed with oil red staining.

Yes.

catalog numbers were shown in the manuscript.

All animals in this study were male and female C57BL/6J background (9-12 weeks) and housed on a 
12 hours dark/light cycle in a temperature-controlled rom.

animal studies were  approved by the Institutional Animal Care and Use Committees of city of 
hope.

Yes

G- Dual use research of concern

F- Data Accessibility

NA

NA

NA

NA

NA

NA

NA

NA

All data needed to evaluate the conclusions in the paper are present in the paper and/or the 
Supplementary Materials. Additional data related to this paper may be requested from the 
authors.

NA

NA

For the model for metabolic flux analysis, the software INCA is public available. The detail data 
used and results are shown in the supplemental tables. 
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