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12th Jun 20201st Editorial Decision

Dear Dr. Chan,

Thank you for submit t ing your manuscript  to EMBO Reports. Three referees agreed to review your
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.

My apologies for this unusual delay in gett ing back to you, it  took longer than ant icipated to receive
the referee reports.

Referees find the proposed role of MIG-6 in TNBC tumorigenesis potent ially interest ing. However,
they also raise concerns that need to be addressed prior to publicat ion here.

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.

*** Temporary update to EMBO Press scooping protect ion policy:
We are aware that many laboratories cannot funct ion at  full efficiency during the current COVID-
19/SARS-CoV-2 pandemic and have therefore extended our 'scooping protect ion policy' to cover
the period required for a full revision to address the experimental issues highlighted in the editorial
decision let ter. Please contact  the scient ific editor handling your manuscript  to discuss a revision
plan should you need addit ional t ime, and also if you see a paper with related content published
elsewhere.***

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.

Please note that for all art icles published beginning 1 July 2020, the EMBO Reports reference style
will change to the Harvard style for all art icle types. Details and examples are provided at
ht tps://www.embopress.org/page/journal/14693178/authorguide#referencesformat

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
(<http://embor.embopress.org/authorguide>). 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  (<https://orcid.org/>). Please find instruct ions on how to
link your ORCID ID to your account in our manuscript  t racking system in our Author guidelines
(<http://embor.embopress.org/authorguide>).

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:
<http://embor.embopress.org/authorguide#expandedview>.

- 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 <http://embor.embopress.org/authorguide#sourcedata>.

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
<http://embor.embopress.org/authorguide#datacitat ion>.

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 <http://embor.embopress.org/authorguide#dataavailability>). 

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:

This is a well done manuscript  examining the connect ion between MIG6 and GLUT1. The
physiological relevance of the connect ion is supported by in vivo and in vit ro experiments along with
clinical data looking at  MIG6 and GLUT1 in tumor specimens. The data is convincing and the
manuscript  is well writ ten. There were a small number of grammatical errors that can be corrected
with a careful proofreading. The model is that  MIG6 recruits the deubiquit inase HAUSP to HIF1a
leading to its stabilizat ion and the subsequent t ranscript ional upregulat ion. The connect ion
between HIF1a and GLUT1 is well established so that does not need to be explored in detail here.
The mechanist ic details of how MIG6 might stabilize HIF1a need to be probed in more depth to
make this a complete story.
Major concerns:
1) The mechanist ic experiments are conducted in HEK293 cells, making one quest ion the
physiological relevance of these findings to TNBC
2) The mechanist ic experiments are focused on loss of MIG6, effect ively test ing its necessity for
HIF1a stability. Experiments to test  MIG6 sufficiency for HIF1a stability in cells +/- HAUSP would
strengthen mechanist ic aspects of the model. Likewise, showing that MIG1 expression can induce
GLUT1 expression in a manner that depends on HIF1 and HAUSP would also help close the circle
on this set  of mechanist ic experiments.
3) It  seems odd that there is so much HIF1a in the control knockdown cells under what are
presumably normoxic condit ions. What are the growth condit ions as HIF1a is generally quite difficult
to detect  under normoxic condit ions? It  would also be worth probing the mechanist ic details of their



model under both normoxic and hypoxic condit ions.
4) From the IPs in Fig 5C, the stoichiometry between HIF1a and Myc-HAUSP doesn't  make sense.
From the model, one predicts a 1:1 interact ion. Further in this experiment MIG6 knockdown has a
less dramat ic effect  on HIF1 levels in the absence of HAUSP as compared to the complete
dependence shown in figures 5 A and B. One also expects that HAUSP over expression should
stabilize HIF1a, again referring to Fig 5C, and that effect  would be abrogated in the MIG6
knockdown if the model is correct .

Referee #2:

In their manuscript , He et  al. describe a funct ional link between MIG-6 and glucose metabolism in
the very aggressive t riple negat ive breast cancer (TNBC). They report  high MIG-6 gene and protein
expression in TNBC compared to other breast tumor types, and an associat ion between high MIG-6
protein expression and poor pat ient  survival, inferred from the histopathology analysis of an
impressive collect ion of 85 TNBC t issue samples with pat ient  clinical follow-up. Mechanist ically, they
found that MIG-6 increases the expression the glucose transporter GLUT1 and other glycolyt ic
genes, which is mediated by HAUSP deubiquit inase recruitment to HIF-1a, leading to HIF-1a
stabilisat ion, enabling glycolyt ic gene induct ion. They show that TNBC cell lines proliferate more in
presence of MIG-6.
Theses are important fundamental discoveries about MIG-6 in posit ive regulat ion of tumor
progression, which contrasts with its known role to inhibit  tumor cell proliferat ion by interfering with
EGF-R signaling, as the authors indicated. The findings have potent ial implicat ions for the clinics,
and the molecular mechanisms are clearly provided and, in general, convincing. The manuscript  is
well writ ten. I have a few comments:

Major points:

1) There is a misleading point  that  requires clarificat ion: in Fig. 1C, the authors show by WB that
MIG-6 is strongly expressed in TNBC cells compared to other breast tumor cell lines. However, from
Fig. 3A there is a near absence of MIG-6 expression in the TNBC cell line BT549 in normoxia.
Instead, MIG-6 becomes visible only under hypoxia + long term exposure. How do the authors
explain this discrepancy, which is really confusing? Was the WB of Fig. 1C obtained from cell lines all
grown under hypoxia? Addit ionally, the fact  that  MIG-6 is induced in hypoxic condit ions - which
should be confirmed in other cell lines, including TNBC and non-TNBC breast tumor lines - does not
add anything to the story at  present. I would suggest either to remove Fig. 3A, or to complement it
with other cell lines and also using the 85 tumor sect ions, to test  if there is a spat ial co-localizat ion
between HIF-1a and MIG-6 proteins.

2) For the IP-WB of Fig. 5F, there should be an immunoprecipitat ion control with another ant ibody
performed. Otherwise we cannot rule out that  Myc-HAUSP is st icking to the beads rather than
being co-immunoprecipitated.

Minor points:

1) Fig. S2. To knockdown MIG-6 in PC9 cells, which shRNA was used, #1, #2 or another one?

2) Page 10, end of 1st  paragraph, I think the authors wanted to write "GLUT1 gene alterat ion"



instead of "GLUT1 protein alterat ion".

3) I agree with the authors' conclusion that "MIG-6 regulates GLUT1 expression and funct ion by
promoting transcript ion of the GLUT1 gene" (page 10). Because the authors possess (because
they have used in their study) a V5-tag GLUT1 plasmid, a nice but not essent ial experiment to
confirm that MIG-6 does not interfere with GLUT1 protein would be to show that, in TNBC cells,
MIG-6 knockdown does not reduce ectopic GLUT1 protein expression, using an ant i-V5 ant ibody.

4) Because GLUT1 gene transcript ion is mediated by RNA polymerase II, I would change "is
mediated" by "can be enhanced" four lines before the end of page 10.

5) In Fig. 5F, it  is strange to see that HIF-1a (don't  forget the "1" on the Figure) is well expressed in
the input, while shMIG-6 should have decreased it , as seen in Fig. 5B and C. Did the authors use
MG132 in this experiment, similarly to Fig. 5G? If yes, please indicate this. If no, please explain why
there is no reduct ion in HIF-1a from the input, in the MIG-6 knockdown condit ions reported in Fig.
5F.

6) Fig. 1E: from which comparison was the p-value computed? 3 vs. 2, 3 vs. 1, 3 vs. (1 and 2)? Please
indicate, and which stat ist ical test  was performed.

7) Fig. 6B: write "Relat ive lactate" instead of "Lactate" on the y-axis, to fit  with Fig. 6A and 3H.

8) The in vivo experiments, unfortunately, only represent what happens already in vit ro: shMIG-6
diminishes tumor cell proliferat ion in vit ro, then cells are injected into mice and the shMIG-6 cells
cont inue to proliferate less than control sh. A more sophist icated approach with an shRNA that is
induced only in vivo, once tumors are established, would be stronger to enable to conclude that in
vivo TNBC tumor growth is affected by MIG-6 knockdown. This would typically rely on TNBC (for
example BT549) cell t ransduct ion by a lent iviral construct  containing TetO-shRNA and rtTA.
Doxycycline-mediated shRNA expression would be done in vivo, and the control would be the same
transduced cell line without doxycycline addit ion. However, in the current pandemic it  might be
logist ically difficult  or too t ime consuming to perform this experiment.
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Point-by-point response to the reviewers’ comments (EMBOR-2020-50781-T) 

Referee #1: 

This is a well done manuscript examining the connection between MIG6 and GLUT1. The physiological 

relevance of the connection is supported by in vivo and in vitro experiments along with clinical data 

looking at MIG6 and GLUT1 in tumor specimens. The data is convincing and the manuscript is well 

written. There were a small number of grammatical errors that can be corrected with a careful 

proofreading. The model is that MIG6 recruits the deubiquitinase HAUSP to HIF1a leading to its 

stabilization and the subsequent transcriptional upregulation. The connection between HIF1a and 

GLUT1 is well established so that does not need to be explored in detail here. The mechanistic details 

of how MIG6 might stabilize HIF1a need to be probed in more depth to make this a complete story.  

We truly appreciate the reviewer for recognizing the novelty and significance of our work and 

for providing constructive suggestions. In our point-by-point responses to reviewers below, we 

have addressed the residual concerns through additional experimental data, text revision, or 

further discussion. We hope that you will find the current manuscript compelling, exciting, and 

ready for publication in EMBO Reports. 

Major concerns: 

1) The mechanistic experiments are conducted in HEK293 cells, making one question the physiological

relevance of these findings to TNBC

To validate the physiological relevance of our mechanistic experiments, the mechanistic 

experiment that was conducted in HEK293 cells has now been examined in BT549 cells. 

Consistent with our previous findings in HEK293 cells, our new result from BT549 cells 

supports the notion that HAUSP reduces the K48-linked ubiquitination of HIF1α and that this 

deubiquitination process is mitigated upon MIG-6 knockdown (Figure EV5F).  

2) The mechanistic experiments are focused on loss of MIG6, effectively testing its necessity for HIF1a

stability. Experiments to test MIG6 sufficiency for HIF1a stability in cells +/- HAUSP would strengthen

mechanistic aspects of the model. Likewise, showing that MIG1 expression can induce GLUT1

expression in a manner that depends on HIF1 and HAUSP would also help close the circle on this set

of mechanistic experiments.

We thank the reviewer for these constructive suggestions. To further strengthen the 

mechanistic aspect of our model, i.e., testing MIG-6 sufficiency for HIF1α stability in response to 

HAUSP expression, we performed two new cycloheximide (CHX) experiments. The first CHX 

experiment showed that HAUSP knockdown reduces HIF1α stability (Figure EV5G), indicating 

an essential role of HAUSP in HIF1α stability. Next, we overexpressed MIG-6 in GFP- and 

HAUSP-knockdown BT549 cells and showed that ectopic expression of MIG-6 increases HIF1α 

stability in GFP- but not HAUSP-knockdown BT549 cells (Figure EV5H), suggesting that MIG-6-

promoted HIF1α stability depends on HAUSP expression.  

Additionally, we examined the effects of MIG-6 overexpression on GLUT1 expression in GFP-, 

HIF1α-, and HAUSP-knockdown BT549 cells. Indeed, our new data demonstrated that MIG-6 

5th Dec 20201st Authors' Response to Reviewers
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overexpression promotes GLUT1 expression and that this effect depends on the expression of 

HIF1α and HAUSP (Figure 5, I and J).  

 

3) It seems odd that there is so much HIF1a in the control knockdown cells under what are presumably 

normoxic conditions. What are the growth conditions as HIF1a is generally quite difficult to detect under 

normoxic conditions? It would also be worth probing the mechanistic details of their model under both 

normoxic and hypoxic conditions.  

We thank the reviewer for this comment. Indeed, the TNBC cells shown in Figure 5 were grown 

under normoxic conditions. We agree with the reviewer that HIF1α is highly degradable and is 

often undetectable in many cell models under normoxia. However, Briggs et al. (Cell 2016) 

reported that HIF1α protein is upregulated in TNBC tissues and showed that multiple TNBC cell 

models, including those used in our study, express high levels of HIF1α protein under normoxic 

conditions. Consistent with their finding, we found that TNBC cells such as BT549 and MDA-

MB-231 express high levels of HIF1α, while non-TNBC cells such as MCF7 and ZR75-1 express 

very low levels of HIF1α under normoxia (Figure 5 and Figure EV5A). To further examine the 

effect of hypoxia on TNBC and non-TNBC cell models, we grew the cells in normoxic and 

hypoxic conditions. Our new data demonstrate that hypoxia substantially enhances HIF1α 

protein expression in TNBC and non-TNBC cells (Figure EV5A).  

 

4) From the IPs in Fig 5C, the stoichiometry between HIF1a and Myc-HAUSP doesn't make sense. 

From the model, one predicts a 1:1 interaction. Further in this experiment MIG6 knockdown has a less 

dramatic effect on HIF1 levels in the absence of HAUSP as compared to the complete dependence 

shown in figures 5 A and B. One also expects that HAUSP over expression should stabilize HIF1a, 

again referring to Fig 5C, and that effect would be abrogated in the MIG6 knockdown if the model is 

correct. 

The IP experiment was shown in Figure 5F in our previously-submitted manuscript, so we 

assume the reviewer was referring to Figure 5F rather than Figure 5C. We would like to clarify 

that the IP experiment in Figure 5F was in fact conducted in the presence of MG132 treatment, 

therefore MIG-6 knockdown did not have much effect on HIF1α downregulation, as shown in 

Figures 5B and 5C in the revised manuscript. We apologize for missing the description of 

MG132 treatment in our previous Figure 5F, and for the confusion that it caused. The treatment 

of MG132 was needed to rescue HIF1α protein degradation mediated by MIG-6 knockdown, 

leading to similar HIF1α protein levels in control and MIG-6 knockdown BT549 cells, which were 

used as the input to examine the role of MIG-6 in the interaction between HIF1α and HAUSP. The 

experimental design with MG132 treatment allowed us to conclude that MIG-6 deficiency 

mitigates the binding between HAUSP and HIF1α and that the defective interaction between 

HIF1a and HAUSP was not due to the lower HIF1α expression in MIG-6-knockdown cells (Figure 

5F). To avoid the confusion, we have now added a description of MG132 treatment in Figure 5F 

and in its figure legend (please see page 36). Furthermore, we performed an additional 

experiment to examine the effects of HAUSP on HIF1α (in the absence of MG132 treatment). Our 

new data showed that HAUSP overexpression increases HIF1α protein expression and that this 

effect is mitigated by MIG-6 knockdown (Figure 5K). These findings together underscore that 
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MIG-6 facilitates HAUSP’s interaction with HIF1α, promoting HIF1α protein expression in TNBC 

cells.  

Reference: 

1 Briggs, K. J. et al. Paracrine Induction of HIF by Glutamate in Breast Cancer: EglN1 Senses Cysteine. 

Cell 166, 126-139, doi:10.1016/j.cell.2016.05.042 (2016). 
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Referee #2: 

In their manuscript, He et al. describe a functional link between MIG-6 and glucose metabolism in the 

very aggressive triple negative breast cancer (TNBC). They report high MIG-6 gene and protein 

expression in TNBC compared to other breast tumor types, and an association between high MIG-6 

protein expression and poor patient survival, inferred from the histopathology analysis of an impressive 

collection of 85 TNBC tissue samples with patient clinical follow-up. Mechanistically, they found that 

MIG-6 increases the expression the glucose transporter GLUT1 and other glycolytic genes, which is 

mediated by HAUSP deubiquitinase recruitment to HIF-1a, leading to HIF-1a stabilization, enabling 

glycolytic gene induction. They show that TNBC cell lines proliferate more in presence of MIG-6. 

These are important fundamental discoveries about MIG-6 in positive regulation of tumor progression, 

which contrasts with its known role to inhibit tumor cell proliferation by interfering with EGF-R signaling, 

as the authors indicated. The findings have potential implications for the clinics, and the molecular 

mechanisms are clearly provided and, in general, convincing. The manuscript is well written. I have a 

few comments: 

We appreciate the reviewer for recognizing the significance of our study and for his/her 

constructive comments, which have helped strengthen our manuscript substantially.  

 

Major points: 

1) There is a misleading point that requires clarification: in Fig. 1C, the authors show by WB that MIG-6 

is strongly expressed in TNBC cells compared to other breast tumor cell lines. However, from Fig. 3A 

there is a near absence of MIG-6 expression in the TNBC cell line BT549 in normoxia. Instead, MIG-6 

becomes visible only under hypoxia + long term exposure. How do the authors explain this 

discrepancy, which is really confusing? Was the WB of Fig. 1C obtained from cell lines all grown under 

hypoxia? Additionally, the fact that MIG-6 is induced in hypoxic conditions - which should be confirmed 

in other cell lines, including TNBC and non-TNBC breast tumor lines - does not add anything to the 

story at present. I would suggest either to remove Fig. 3A, or to complement it with other cell lines and 

also using the 85 tumor sections, to test if there is a spatial co-localization between HIF-1a and MIG-6 

proteins. 

We thank the reviewer for bringing this point to our attention and apologize for the confusion. 

The TNBC cell lines used in Figure 1C were indeed cultured under normoxia, and we found that 

hypoxia could further robustly enhances MIG-6 protein expression, as shown in Figure 3A. In 

this figure, the exposure time was a lot shorter than that which was used for Figure 1C to 

prevent hypoxia-enhanced saturation of MIG-6 protein signal. We have now provided results of 

the Western Blot with a longer exposure (L.E.), which confirms the high MIG-6 protein 

expression in BT549 cells under normoxia (new Figure 3A). Moreover, we performed additional 

experiments to examine MIG-6 protein expression in TNBC and non-TNBC cell lines under 

normoxia and hypoxia. Our new data showed that besides BT549, hypoxia induced MIG-6 

protein expression in another TNBC cell model, MDA-MB-231, whereas hypoxia did not 

significantly increase MIG-6 protein expression in non-TNBC cells (Figure EV3A). Additionally, 

we examined the spatial co-localization between MIG-6 and HIF1α proteins using the 85 TNBC 

tumor sections. We used the OPAL multiplex IHC assay for simultaneous staining of MIG-6, HIF-

1α, and DAPI in each tumor section (n=85). The representative images showed positive 

immunostaining of MIG-6 and HIF1α proteins in the nucleus and the cytoplasm (Figure 8E). Of 
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note, MIG-6 and HIF1α were co-localized in both cellular compartments in vivo. The triangle 

indicates the nuclear co-localization; the star indicates the cytoplasmic co-localization (see 

merged image in Figure 8E). We would like to note that while HIF1α is a transcription factor and 

its immunostaining primarily is concentrated in the nucleus, cytoplasmic staining of HIF1α has 

been reported in several human cancers, including breast cancer (Zhong et al. Can Res 1999, 

Tan et al. Breast Cancer Res 2007, and Nalwoga et al. PLoS ONE 2016). Our finding is consistent 

with these published studies.  

 

2) For the IP-WB of Fig. 5F, there should be an immunoprecipitation control with another antibody 

performed. Otherwise we cannot rule out that Myc-HAUSP is sticking to the beads rather than being co-

immunoprecipitated. 

As suggested, we have now included an immunoprecipitation control with Flag-tag antibody in 

our IP experiment (new Figure 5F). Our new data show that the Myc-HAUSP was specifically 

pulled down by HIF1α but not the Flag-tag antibody; moreover, the interaction between HIF1α 

and HAUSP is mitigated upon MIG-6 knockdown (new Figure 5F). This result supports the 

reliability of the interaction signal between HIF1α and HAUSP and confirms the notion that the 

binding between HAUSP and HIF1α depends on MIG-6 in BT549 cells.  

 

Minor points: 

1) Fig. S2. To knockdown MIG-6 in PC9 cells, which shRNA was used, #1, #2 or another one? 

We thank the reviewer for the comment and apologize for our unclear description. We have now 

specified that the MIG-6 shRNA#2 was used to knock down MIG-6 in PC9 cells (see Figure 

EV2A). 

 

2) Page 10, end of 1st paragraph, I think the authors wanted to write "GLUT1 gene alteration" instead 

of "GLUT1 protein alteration". 

We thank the reviewer for the correction. We have revised the description accordingly (page 10).  

 

3) I agree with the authors' conclusion that "MIG-6 regulates GLUT1 expression and function by 

promoting transcription of the GLUT1 gene" (page 10). Because the authors possess (because they 

have used in their study) a V5-tag GLUT1 plasmid, a nice but not essential experiment to confirm that 

MIG-6 does not interfere with GLUT1 protein would be to show that, in TNBC cells, MIG-6 knockdown 

does not reduce ectopic GLUT1 protein expression, using an anti-V5 antibody. 

As suggested, we have now included this experiment using an anti-V5-antibody to probe 

ectopic GLUT1 protein expression. Our new data confirm that MIG-6 knockdown does not 

reduce ectopic GLUT1 protein expression (new Figure 6, E and F). 

  

4) Because GLUT1 gene transcription is mediated by RNA polymerase II, I would change "is mediated" 

by "can be enhanced" four lines before the end of page 10. 

The change has been made as suggested (now on page 11 of the revised manuscript).  
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5) In Fig. 5F, it is strange to see that HIF-1a (don't forget the "1" on the Figure) is well expressed in the 

input, while shMIG-6 should have decreased it, as seen in Fig. 5B and C. Did the authors use MG132 

in this experiment, similarly to Fig. 5G? If yes, please indicate this. If no, please explain why there is no 

reduction in HIF-1a from the input, in the MIG-6 knockdown conditions reported in Fig. 5F. 

We thank the reviewer for bringing this point to our attention and apologize for the confusion. 

We would like to clarify that the IP experiment in Figure 5F was in fact conducted in the 

presence of MG132 treatment. The treatment of MG132 was needed to rescue HIF1α protein 

degradation mediated by MIG-6 knockdown, resulting in similar HIF1α protein levels in control 

and MIG-6 knockdown BT549 cells, which were used as the input for studying the role of MIG-6 

in the interaction between HIF1α and HAUSP. The experimental design allowed us to conclude 

that MIG-6 is essential for the binding between HAUSP and HIF1α and that the defective 

interaction between HIF1α and HAUSP was not due to the lower HIF1α expression in MIG-6-

knockdown cells. We now have added the description of MG132 treatment in Figure 5F and in its 

figure legend on page 36.  

 

6) Fig. 1E: from which comparison was the p-value computed? 3 vs. 2, 3 vs. 1, 3 vs. (1 and 2)? Please 

indicate, and which statistical test was performed. 

The p-value of 0.011 shown in Figure 1E is used for the comparison of all three groups by 

Kruskal-Wallis H test. We have now added the description to the figure legend (see page 33). As 

for the P-values of pairwise comparisons, the p-values determined by Mann-Whitney U test are 

shown as follows: 1 vs. 2=0.202; 2 vs. 3=0.005; and 1 vs. 3=0.006.  

 

7) Fig. 6B: write "Relative lactate" instead of "Lactate" on the y-axis, to fit with Fig. 6A and 3H. 

The change has been made as suggested (please see Figure 6B).  

 

8) The in vivo experiments, unfortunately, only represent what happens already in vitro: shMIG-6 

diminishes tumor cell proliferation in vitro, then cells are injected into mice and the shMIG-6 cells 

continue to proliferate less than control sh. A more sophisticated approach with an shRNA that is 

induced only in vivo, once tumors are established, would be stronger to enable to conclude that in vivo 

TNBC tumor growth is affected by MIG-6 knockdown. This would typically rely on TNBC (for example 

BT549) cell transduction by a lentiviral construct containing TetO-shRNA and rtTA. Doxycycline-

mediated shRNA expression would be done in vivo, and the control would be the same transduced cell 

line without doxycycline addition. However, in the current pandemic it might be logistically difficult or too 

time consuming to perform this experiment.  

We appreciate the reviewer’s constructive suggestion. As suggested, we established the BT549 

stable cells with a lentiviral construct containing the doxycycline-induced MIG-6 shRNA (iMIG-6-

shRNA) along with the control BT549 cells with a lentiviral construct containing doxycycline-

induced non-targeting shRNA (iNT-shRNA). We first confirmed that doxycycline induced 

effective MIG-6 knockdown in the iMIG-6-shRNA but not the iNT-shRNA BT549 cells by Western 

Blot (Figure 7E). These cells were then orthotopically injected to two sides of the nude mice for 

tumorigenesis assay (Figure 7G). When the tumors reached ~80–100 mm3, mice were fed 
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doxycycline chow continuously. Our new data showed that doxycycline-inducible MIG-6 

knockdown suppresses the growth of established TNBC in vivo (Figure 7, F and G). The new 

experimental evidence along with our previous data on in vivo tumorigenesis assays (now in 

Figure 7, A–D) collectively underscore an essential role of MIG-6 in tumor initiation and growth 

in TNBC.  
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Referee #3: 

An interesting manuscript proposing a role for the MIG-6 protein in triple negative breast cancer via 

ubiquitin-mediated regulation of GLUT1 expression and subsequent effects on glucose metabolism. 

While there are some interesting findings presented, in general the story is incomplete, the order in 

which some results are presented does not follow a logical flow, and some mechanistic claims made 

are not strongly supported by the data. 

We appreciate the reviewer for recognizing the significance of our study and for his/her 

constructive comments, which have helped us to strengthen our manuscript substantially.  

 

1. The title is somewhat misleading, as none of the experiments described within directly address the 

role of MIG-6 in tumourigenesis. The data describe the dependence of TNBC cells on the continued 

expression of MIG-6 for proliferation via stimulation of GLUT1 expression and enhanced glucose 

uptake but these do not necessarily imply a role in tumour formation. 

In our study (in both previously performed and additional experiments), we carried out multiple 

tumor growth assays with stable and inducible cell models to examine the role of MIG-6 in 

TNBC in vivo. Our data demonstrated that genetic targeting of MIG-6 suppressed tumor 

initiation and growth (Figure 7, A–G), underscoring a cancer-promoting role of MIG-6 in TNBC. 

We agree with reviewer that these experiments address the role of MIG-6 in tumor growth but 

not directly on tumor transformation and formation. To avoid potential confusion, we have 

changed the title to “MIG-6 is essential for promoting glucose metabolic reprogramming and 

tumor growth in triple-negative breast cancer.”  

 

2. There is a mixed logic throughout the manuscript regarding conclusions that can be made about the 

role of MIG-6 based on knockdown experiments. It is not necessarily the case that the effect of gene 

knockdown implies the opposite effect of overexpression. This flawed logic is applied numerous times. 

For example (p8), claiming that MIG-6 "upregulates several glycolytic genes" because expression of 

these genes is attenuated in MIG-6 shRNA cells, that MIG-6 "downregulated TCA-cycle regulating 

genes" because these genes are upregulated with MIG-6 shRNA, or "Mig-6s positive regulation of the 

IDH1/2 gene" is not supported by the data and should be rewritten. Similarly, it is not accurate to state 

that MIG-6 "promotes" aerobic glycolysis. Rather, MIG-6 knockdown attenuates aerobic glycolysis in 

TNBC cell lines. 

We thank the reviewer for the careful reading of these sentences. We have carefully reviewed all 

statements in our manuscript and revised them to reflect the implications of our knockdown 

experiments. For instance, the statement that “MIG-6 upregulates several glycolytic genes" has 

been corrected to “MIG-6 deficiency inhibits several glycolytic genes”; the statement that “MIG-

6 downregulated TCA-cycle regulating genes” has been changed to “MIG-6 deficiency promotes 

TCA cycle-regulating genes”; the statement that “Our data on MIG-6’s positive regulation of the 

IDH1/2 gene…” has been changed to “Our data that the IDH1/2 genes are downregulated by 

MIG-6 knockdown…”; and the subheading “MIG-6 promotes aerobic glycolysis” has been 

changed to “MIG-6 knockdown attenuates aerobic glycolysis”.  
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3. The last paragraph of the introduction is somewhat pre-emptive of the data following and could be 

significantly shortened. 

As suggested, the last paragraph of the introduction has been shortened (page 4).  

 

4. Figure1F/G: How was "high" and "low" MIG-6 expression determined? Was expression across 

tumours in the cohort normally distributed? 

We thank the reviewer for the questions. To answer these questions, we have now provided 

more detailed information in the “Immunohistochemistry and scoring” section of the Materials 

and Methods, as follows: MIG-6 protein expression in the 85 TNBC specimens was determined 

by H-score, which was generated based on a combination of both the percentage and intensity 

of positively stained tumor cells and calculated using the following equation: H-score = ΣPi (i + 

1), where i is the intensity of the stained tumor cells (0 to 4+) and Pi is the percentage of stained 

tumor cells for each intensity. MIG-6 expression greater than or equal to the median is classified 

as “high,” while expression less than the median is classified as “low,” as indicated in Table 

EV2” (please see pages 25-26). To clarify this point, we have also added the above description 

to the figure legend (please see page 33). Additionally, we have now provided the protein 

expression data of MIG-6 across the 85 TNBC specimens. Our data showed that MIG-6 

expression is widely distributed across the tumors (Figure EV1C). This wide 

distribution allowed us to analyze the relationship between MIG-6 

expression and survival outcomes in TNBC patients (Figure 1, F and G, and Table EV2). One 

might expect a biomarker to be normally distributed across human tissues. However, cancer is 

a highly heterogeneous group of diseases and tumor growth relies on various pathways, so it is 

very unlikely for a biomarker to be normally distributed across all tumor tissues.  

 

5. Insufficient detail is provided about how shRNA experiments were performed. Do these represent 

cellular pools or selected clones? How long post infection are these analyses performed? Are replicates 

independent infections or technical replicates using the same pools of cells? 

We thank the reviewer for bringing these issues to our attention and apologize for the 

insufficient information. The experimental details for lentiviral shRNA-mediated gene 

knockdown experiment are now provided in the revised manuscript (please see pages 19–20 for 

details). In brief, the stable cell lines represent cellular pools after puromycin selection for at 

least four days. Every time the knockdown efficiency of MIG-6 was confirmed by 

immunoblotting, the stable cells with successful knockdown were used in various analyses, as 

shown in the current study. Each batch of control and MIG-6-knockdown stable cell lines was 

used for 2–3 months, then replaced with newly generated stable cells. While the quantitative 

results were generated by technical replicates, all the phenotypes were verified by at least two 

different batches of stable cell lines.  

 

6. Figure2c: should be shown as actual colony number, not relative percentage. 

The actual colony number is now shown in Figure 2C, as suggested.  
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7. The link between data in Fig2 and the subsequent decision to pursue a role for MIG6 in glycolysis is 

not very clear and could be better justified. Do EGFR inhibitors have any effect on cell 

proliferation/metabolism with MIG-6 knockdown in TNBC cells? 

We thank the reviewer for the insightful question. We have now performed additional 

experiments to elucidate the effects of the EGFR inhibitor gefitinib on the survival and 

metabolism of GFP- and MIG-6-knockdown BT549 cells. Our new data showed that gefitinib 

suppresses the growth of BT549 cells in a dose-dependent manner; moreover, MIG-6 

knockdown further suppresses cell growth under gefitinib treatment (Figure 2F). Additionally, 

we showed that gefitinib inhibited lactate production in BT549 cells and that MIG-6 knockdown 

further enhances the inhibitory effect (Figure EV3G). These results suggest that MIG-6 regulates 

an EGFR-independent mechanism (such as GLUT1 upregulation, as characterized in the current 

study) to promote the growth and metabolism in TNBC cells.  

 

8. Figure 4A: Are MIG-6 and GLUT1 mRNA expression elevated in the same individual tumours? Any 

correlation should apparent using an x-y plot of MIG-6 vs GLUT1 expression. 

We thank the reviewer for this interesting point. While we showed in our previously submitted 

manuscript that MIG-6 protein level is significantly correlated with GLUT1 protein expression in 

TNBC tumor specimens (now in Figure 8, C and D, and Table EV1), it is interesting to probe 

whether the correlation occurs at the mRNA level. To address this question, we utilized the R2 

bioinformatics tool to retrieve two transcriptome datasets [Servant et al. (GSE30682) and 

Bertucci et al. (GSE21653)] (see Figure 4A and Figure EV4A), then examined the correlation 

between MIG-6 and GLUT1 mRNA levels in these datasets. Our data showed that MIG-6 is 

positively correlated with GLUT1 at the mRNA level in basal-like breast cancer/TNBC in both 

datasets (Appendix Figure S1, A and B) although only the result from the Bertucci dataset has 

statistical significance (Appendix Figure S1A).  

 

9. Figure4: It is not clear which band(s) represent GLUT1 in western blots shown in panels C and F. 

GLUT1 (encoded by the SLC2A1 gene) is a membrane glycoprotein. Glycosylation of GLUT1 is 

known to play an important role in maintaining high-affinity transport for glucose1. The 

molecular weight of unglycosylated GLUT1 is about 54–55 kDa. The glycosylation of GLUT1 

leads to a smeared banding pattern1, as shown in previous reports2,3 and the datasheet below. 

The degree of GLUT1 glycosylation is known to differ in cell types4, as does the smeared 

pattern. The Western Blot below shows a smeared banding pattern of GLUT1 in A549 lung 

cancer cells, and the smeared pattern disappeared in GLUT1-knockout (KO) A549 cells, 

supporting the notion that the smeared banding represents modifications of the GLUT1 protein. 

In line with the observations, the smeared pattern was observed in both endogenous and 

exogenous GLUT1 (Figure 4, C and F, and Figure 6, E and F) in TNBC cells. Of note, the smeared 

pattern was also detected by the V5-tag antibody (Figure 6, E and F), indicating that the smeared 

pattern comes from GLUT1 protein moiety.  
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10. Figure 4E: Gates/regions for quantifying 2-NBDG uptake are not aligned between control and

shMIG6 samples.

We apologized for this careless mistake. We re-reviewed the gating criteria in our original 

analysis and redrew the gate/regions for quantifying 2-NBDG accordingly. The gates/regions 

have now been aligned between the control and shMIG-6 samples (Figure 4E).  

11. Figure5: An important control is missing in Panel E, effect of MG132 in shGFP cells. Further, the

decreased detection of Myc-HAUSP following HIF1a IP in shMIG-6 cells is not clear from this

experiment as there appears to be significantly different exposure/background levels in the relevant

regions of this blot. Data should be shown supporting the statement that MIG-6 did not affect formation

of the VHL/HIF1a complex.

We thank the reviewer for the comments. We have now repeated the experiment presented in 

Figure 5E and have included a control to determine the effect of MG132 on shGFP cells. As 

expected, our new data showed that MG132 stabilizes HIF1α expression in shGFP cells (Figure 

EV5D). We would like to note that because MG132 treatment robustly stabilizes HIF1α, we 

intentionally kept an empty well between the samples with and without MG132 treatment to 

prevent signal interference from the MG132-treated samples.  

Additionally, we repeated the HIF1α IP experiment. Our new data reproducibly showed that MIG-

6 knockdown reduces the interaction between HIF1α and Myc-HAUSP (Figure 5F).  

We have also now presented the data in Figure EV5E, as suggested. The data showed that MIG-

6 deficiency did not enhance formation of the VHL/HIF1α complex, suggesting that VHL-

mediated protein degradation of HIF1α does not contribute to HIF1α downregulation by MIG-6 

knockdown.  

12. Figure5G: Control missing (i.e shMIG6 cells without His-Ub). Also, this experiment uses a highly

artificial system relying on expression of multiple tagged exogenous proteins. It would be preferable to

show some similar effect on endogenous proteins.

https://www.abcam.com/glucose-transporter-glut1-antibody-epr3915-ab115730.html
https://www.abcam.com/glucose-transporter-glut1-antibody-epr3915-ab115730.html
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We thank the reviewer for the comment. We have repeated the experiment with the suggested 

control (i.e., without His-Ub) for shMIG-6 cells and examined the ubiquitination level of 

endogenous instead of exogenous HIF1α (Figure EV5F). While, as expected, the overall 

ubiquitination signal of endogenous HIF1α is weaker than that of exogenous HIF1α (as shown in 

Figure 5G), our new data consistently showed that HAUSP reduced the K48-linked 

ubiquitination of HIF1α and that this deubiquitination process is mitigated upon MIG-6 

knockdown (Figure EV5F).  

 

13. Figure6: experiments shown in panels E-H are missing an important control. What is the effect of 

GLUT1 overexpression in shGFP cells? 

We have now included a control to examine the effect of GLUT1 overexpression on lactate 

production in shGFP cells, as suggested. As expected, our new data showed that GLUT1 

overexpression enhanced lactate production in both BT549-shGFP and MDA-MB-231-shGFP 

cells (new Figure 6, E–H). 

  

14. Figure7: Are the metabolic effects of MIG-6 knockdown observed in vitro also apparent in 

xenografts? 

Our in vitro studies showed that MIG-6 regulates glycolysis and lactate production through 

GLUT1, a gatekeeper of glucose uptake and subsequent glycolysis (Figure 4C and Figure 6, E–

H). In support of our in vitro observations, we performed IHC staining for in vivo GLUT1 

expression in xenograft tumors and showed that MIG-6 knockdown decreased GLUT1 protein 

expression in BT549-derived xenograft tumors (Figure 8A). In addition, we examined in vivo 

GLUT1 expression in BT549 xenograft tumors with an inducible MIG-6 knockdown system. 

Consistently, we found that in vivo GLUT1 expression is also decreased in doxycycline-induced 

MIG-6 knockdown tumors (Figure 8B). 

 

15. Discussion: It is not correct to assert that "MIG-6 is crucial for elevated glucose metabolism and 

tumorigenesis in TNBC" as no comparison was made to either normal mammary epithelial cells or 

breast cancer cells of other subtype. This framing should be rewritten to be consistent with the 

observation that cell proliferation and glycolysis is attenuated with MIG-6 knockdown in two TNBC cell 

lines. Similarly, the absence of an effect of MIG-6 knockdown on EGFR signaling does not necessarily 

imply that "MIG-6 fails to inhibit EGFR signaling in TNBC" as this experimental comparison was not 

made.  

We thank the reviewer for the corrections. The statement that “MIG-6 is crucial for elevated 

glucose metabolism and tumorigenesis in TNBC” has been changed to “MIG-6 depletion 

attenuates glucose metabolism and tumor growth in TNBC” (please see page 16). Additionally, 

the statement that “MIG-6 fails to inhibit EGFR signaling in TNBC” has been changed to “MIG-6 

depletion does not promote EGFR signaling in TNBC” (please see page 16).  

 

Discussion of the effect of MIG-6 on Y394 phosphorylation is speculative and not supported by data. 
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A previous study by Park et al. demonstrated that Y394 phosphorylation of MIG-6 leads to 

structural rearrangement that blocks the binding of MIG-6 to EGFR and that MIG-6 

phosphorylation at Y394 is essential for MIG-6’s effect on EGFR inhibition (Park et al., Nat. 

Struc. Mol Biol. 2015)5. Since our data showed MIG-6 knockdown in TNBC cells failed to 

promote EGFR signaling (Figure 2, D and E), we speculated that MIG-6 Y394 phosphorylation is 

defective in TNBC cells. To elucidate this notion, we requested the phosphospecific antibody 

against the dual pY394pY395 site (denoted as pMIG6 Y394/Y395) from Drs. Park and Cho. 

Consistent with the finding by Park et al., we found that MIG-6 phosphorylation at Y394/Y395 is 

substantiated in the lung cancer cell lines PC9 and H3255 and that the MIG-6 tyrosine 

phosphorylation is attenuated by the EGFR inhibitor gefitinib (this is because activated EGFR is 

known to drive the Y394 phosphorylation of MIG-6). Intriguingly, MIG-6 in TNBC cells, albeit 

expressed at high levels, did not undergo Y394/Y395 tyrosine phosphorylation (Appendix Figure 

S2). Therefore, we reasoned that the defective Y394/Y395 phosphorylation of MIG-6 in TNBC 

cells may be one of the mechanisms that attenuates MIG-6’s tumor-suppressive effect on EGFR 

inhibition. To avoid potential overstatement, we have also added the statement that “future 

studies are needed to verify this notion” in the Discussion section (please see page 17).  

 

16. Discussion at the bottom of p16 overstates experimental findings on the mechanism of MIG-6s role 

in HAUSP/HIF1a biochemistry. Further, the claim that "MIG-6 comprehensively regulates glucose 

metabolism" is hyperbolic and could be toned down. 

We thank the reviewer for the suggestion. We would like to note that the discussion at the 

bottom of page 16 in our previously-submitted manuscript (now on pages 17-18 of the revised 

manuscript) was not based merely on our mechanistic findings on the role of MIG-6 in 

HAUSP/HIF1a biochemistry, but also on our metabolic array data. These metabolic array data 

also support the notion that MIG-6 recapitulates HIF1α’s role in regulating the expression of 

several metabolic genes, including GLUT1, HK2, PFK1, ENO2, PGK1, and LDHA, for promoting 

glycolysis, as well as the role of PDK1 in suppressing oxidative phosphorylation. Nevertheless, 

the statement that “MIG-6 comprehensively regulates glucose metabolism” has been amended 

to “MIG-6 exhibits pleiotropic effects on glucose metabolism” to avoid overstatement (please 

see page 18).  
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11th Jan 20211st Revision - Editorial Decision

Dear Lori,

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

As you can see, the referees find that the study is significant ly improved during revision and
recommend publicat ion. Before I can accept the manuscript , I need you to address some minor
points below:

• Please address the remaining minor concerns of the referees.
• 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. 
• Please upload Tables EV1-EV4 as individual files.
• Please upload The Appendix figures as individual files. Please add a Table of Contents.
• Please add a sentence to the Data Availability Sect ion stat ing that you have not deposited any
primary data to a depository. Moreover, we note that GSE30682 and GSE21653 have been
deposited at  GEO, not at  Genomic Spat ial Event (GSE) as ment ioned in this sect ion.
• Papers published in EMBO Reports include a 'synopsis' and 'bullet  points' to further enhance
discoverability. Both 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 paper and are provided by the authors and streamlined by the handling editor. I
would therefore ask you to include your synopsis blurb and 3-5 bullet  points list ing the key
experimental findings.
• 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 revision addresses the majority of my concerns. There are a few minor points that shold be
addressed editorially. Also there are st ill several grammatical errors that can be corrected with



careful proof reading and line edit ing.

The last  paragraph of introduct ion is really just  a summary of the paper with much of the
informat ion in the abstract . This could be shortened.
For Figs 2D and E, please change the text  in the results to indicate that MIG6 knockdown didn't
change EGFR signaling in response to EGF st imulat ion.
For figure 3A indicate in the results sect ion the cell line being used, rather than just  stat ing TNBC
cells.
Figure 3D and E would be easier to understand they visually reported the decrease in expression of
glycolyt ic gene expression (D) or the increase in OxPhos gene expression (E).
MIG6 knockdown reduced the amount of GLUT1 on the cell surface. The authors conclude that this
is due to "Glut1 gene alternat ion". I believe they mean a reduct ion in Glut1 gene expression.
It  would be useful to show that GLUT1 overexpression corrects the loss of glucose uptake that
results from MIG6 knockdown. Never mind, those experiments are in figure 6.
For Figure 7F the modified tumor cells were injected into the flanks of immunocompromised mice
and not the mammary fat  pad. The descript ion in the results indicated that this an orthotopic
model. Please clarify.

Referee #2:

The authors have addressed my comments sat isfactorily. As single except ion, in response to my
first  major comment, the authors have used mult iplex IF to stain MIG6 and HIF1 from their 85 tumor
t issue samples, but have unfortunately not exploited their results, as they only provide a
representat ive staining showing that both proteins can co-localize (Figure 8E). I would encourage
the authors to analyze their data and quant ify protein expression across the 85 tumor samples. By
co-localizat ion, I meant spat ial co-localizat ion within tumors areas, not intracellular co-localizat ion.

In short : within tumors, is there a MIG6 and HIF1 expression heterogeneity, with tumor areas where
expression is high (or low) for both proteins? In contrast , are there fewer tumor areas expressing
one protein but not the other?



Response to the editor’s comments (EMBOR-2020-50781-V2) 

• Please address the remaining minor concerns of the referees.

- Please see our responses listed below

• 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.

- Keywords: Glucose metabolism; MIG-6; HIF1α; GLUT1; triple-negative breast cancer

• Please upload Tables EV1-EV4 as individual files.

- We have uploaded the individual files.

• Please upload The Appendix figures as individual files. Please add a Table of Contents.

- We have uploaded the individual files and provided the information accordingly.

• Please add a sentence to the Data Availability Section stating that you have not deposited any
primary data to a depository. Moreover, we note that GSE30682 and GSE21653 have been deposited
at GEO, not at Genomic Spatial Event (GSE) as mentioned in this section.

- We have added the statement and made the correction accordingly.

• Papers published in EMBO Reports include a 'synopsis' and 'bullet points' to further enhance
discoverability. Both 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 paper and are provided by the authors and streamlined by the handling editor. I would
therefore ask you to include your synopsis blurb and 3-5 bullet points listing the key experimental
findings.

- Synopsis: Unlike the tumor-suppressive role of MIG-6 in lung tumors, MIG-6 is upregulated in
TNBC and is essential for TNBC growth by promoting glucose metabolism via the HIf1α-Glut1
pathway.

- Bullet points:

 MIG-6 is a novel metabolism driver that regulates glucose metabolism reprogramming
toward glycolysis

 MIG-6 regulates glucose metabolism by promoting GLUT1 gene transcription

 MIG-6 recruits HAUSP deubiquitinase for stabilizing HIF1α protein expression and the
subsequent upregulation of GLUT1

 The MIG-6-GLUT1 pathway is critical for tumor growth in TNBC

• In addition, please provide an image for the synopsis. This image should provide a rapid overview of
the question addressed in the study but still needs to be kept fairly modest since the image size cannot
exceed 550x400 pixels.

- The image has been uploaded.

28th Jan 20212nd Authors' Response to Reviewers



• Our production/data editors have asked you to clarify several points in the figure legends (see 
attached document). Please incorporate these changes in the attached word document and return it 
with track changes activated. 

- The changes have been incorporated (see the newly-uploaded manuscript).  

 

Referee #1: 
 
This revision addresses the majority of my concerns. There are a few minor points that should be 
addressed editorially. Also there are still several grammatical errors that can be corrected with careful 
proof reading and line editing. 

- The manuscript has been proofread by a professional language editing service.   
 
The last paragraph of introduction is really just a summary of the paper with much of the information in 
the abstract. This could be shortened. 

- As suggested, we further shortened the paragraph from 978 to 482 characters (please see 
page 4 of the newly-uploaded manuscript).   

 
For Figs 2D and E, please change the text in the results to indicate that MIG6 knockdown didn't change 
EGFR signaling in response to EGF stimulation. 

- The change has been made as suggested (see page 6). 

 

For figure 3A indicate in the results section the cell line being used, rather than just stating TNBC cells. 

- The change has been made as suggested (see page 7). 

 
Figure 3D and E would be easier to understand they visually reported the decrease in expression of 
glycolytic gene expression (D) or the increase in OxPhos gene expression (E). 

- Presentation of the data in Figs 3D and 3E is associated with the data presented in Figs 3C-3H, 
Fig EV3E, and Table EV3. In the current form, the percentage of change in gene dysregulation 
between the shGFP and shMIG-6 groups is normalized to the shMIG-6 group. The reviewer 
prefers the normalization to the shGFP group. Essentially both ways are correct and widely 
used in the literature. We had discussed which way to be used before and the authors decided 
to use the normalization to shMIG-6 as we believe it would be more intuitive and easy to follow 
by readers.  

 
MIG6 knockdown reduced the amount of GLUT1 on the cell surface. The authors conclude that this is 
due to "Glut1 gene alternation". I believe they mean a reduction in Glut1 gene expression. 
It would be useful to show that GLUT1 overexpression corrects the loss of glucose uptake that results 
from MIG6 knockdown. Never mind, those experiments are in figure 6. 

- As suggested, the description that “Glut1 gene alteration” has been changed to “a reduction in 
Glut1 gene expression” (see page 9).  

- Indeed, the experiments were done in Figure 6 as the reviewer indicated. 

 
For Figure 7F the modified tumor cells were injected into the flanks of immunocompromised mice and 
not the mammary fat pad. The description in the results indicated that this an orthotopic model. Please 
clarify. 



- For Figure 7F, the tumor cells were injected into two sides of mammary glands (but not flanks), 
so it is correct to indicate that this is an orthotopic model. To clarify, we added “mammary 
glands” to the original statement (see page 12).  
 
 
 
Referee #2: 
 
The authors have addressed my comments satisfactorily. As single exception, in response to my first 
major comment, the authors have used multiplex IF to stain MIG6 and HIF1 from their 85 tumor tissue 
samples, but have unfortunately not exploited their results, as they only provide a representative 
staining showing that both proteins can co-localize (Figure 8E). I would encourage the authors to 
analyze their data and quantify protein expression across the 85 tumor samples. By co-localization, I 
meant spatial co-localization within tumor areas, not intracellular co-localization. 
 
In short: within tumors, is there a MIG6 and HIF1 expression heterogeneity, with tumor areas where 
expression is high (or low) for both proteins? In contrast, are there fewer tumor areas expressing one 
protein but not the other? 

- We thank the reviewer for the suggestions. The quantitative results have been shown in  
Appendix Figure S2. The data indicate that most TNBC tumors exhibit strong colocalization 
between MIG-6 and HIF1α protein expression.  
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