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Original submission 

First decision letter 

MS ID#: DEVELOP/2020/194928 

MS TITLE: TRPM7 is a critical regulator of pancreatic endocrine development and high-fat diet-
induced β-cell proliferation. 

AUTHORS: Molly K. Altman, Charles M. Schaub, Matthew T. Dickerson, Prasanna K. Dadi, Sarah M. 
Graff, Thomas J. Galletta, Gautami Amarnath, Ariel S. Thorson, Guoqiang Gu, and David A. 
Jacobson 

I have now received all the referees' reports on the above manuscript, and have reached a decision. 
The referees' comments are appended below, or you can access them online: please go to 
BenchPress and click on the 'Manuscripts with Decisions' queue in the Author Area. 

As you will see, the referees express considerable interest in your work, but have some significant 
criticisms and recommend a substantial revision of your manuscript before we can consider 
publication. If you are able to revise the manuscript along the lines suggested, which may involve 
further experiments, I will be happy receive a revised version of the manuscript. Your revised paper 
will be re-reviewed by one or more of the original referees, and acceptance of your manuscript will 
depend on your addressing satisfactorily the reviewers' major concerns. Please also note that 
Development will normally permit only one round of major revision. 

We are aware that you may be experiencing disruption to the normal running of your lab that make 
experimental revisions challenging. If it would be helpful, we encourage you to contact us to 
discuss your revision in greater detail. Please send us a point-by-point response indicating where 
you are able to address concerns raised (either experimentally or by changes to the text) and 
where you will not be able to do so within the normal timeframe of a revision. We will then provide 
further guidance. Please also note that we are happy to extend revision timeframes as necessary.  

Please attend to all of the reviewers' comments and ensure that you clearly highlight all changes 
made in the revised manuscript. Please avoid using 'Tracked changes' in Word files as these are lost 
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in PDF conversion. I should be grateful if you would also provide a point-by-point response detailing 
how you have dealt with the points raised by the reviewers in the 'Response to Reviewers' box. If 
you do not agree with any of their criticisms or suggestions please explain clearly why this is so. 
 
Reviewer 1 
 
Advance summary and potential significance to field 
 
TRPM7 is a unique transmembrane protein acting as both ion channel and kinase. It has been 
reported that TRPM7 is required during development of organs such as heart and pancreas. In this 
study, the authors characterized the role of TRPM7 in pancreatic beta cell development, 
proliferation and insulin secretion in mature beta cells. The authors using several tissue-specific 
TRPM7 knockout models to show that TRPM7 was required for pancreatic development including 
both exocrine and endocrine tissues.  
However, it was not required during differentiation. They also showed TRPM7 ablation in beta cells 
reduced pancreatic beta cell proliferation under stress condition (HFD). As a permeable channel for 
divalent ions, TRPM7 was shown to have effects on intracellular Mg2+ and this effect is independent 
of calcium or zinc influx. These data are novel and of interest to those in the field. The animals 
models were a strength. 
 
Comments for the author 
 
The topic was overall novel and using multiple knockout mouse models was a strength, however, in 
my opinion, (in places) the data were not accurately analyzed and conclusions were therefore not 
convincing. Adding to this, the findings in this study were actually not organized in an entirely 
logical manner and there was a lack of coherence among the sub-studies, again, in my opinion. 
Much of this can be corrected by a careful rewrite, taking these points into consideration.....and 
some data re-analysis and discussion of the weaknesses of the study where appropriate. 
 
Major points:  
 
1. The authors examined TRPM7 role in beta cell, eg. Development proliferation during stress 
condition, its role in insulin secretion. In many places the data are not coherently connected or 
under a common rationale and without clear mechanistic insight, leaving all these data as 
separated pieces without logical connection. The paper needs rationalization and structuring at the 
very least. 
 
2. TRPM7 was shown to be required during pancreatic development for both exocrine and 
endocrine tissues but not differentiation. Although two knockout models are used there is no direct 
evidence showing a reduction of TRPM7 protein level caused the phenotype.  
 
3. When challenged with HFD, islet area needs to be measured in the knockout mice. When 
Ki67+ beta cell was used to evaluate beta cell proliferation, it should be normalized by the beta 
cell number. Using the islet area for normalization could be compromised by the potential beta cell 
hyperplasia.  
 
4. The authors showed ablation of TRPM7 impaired glucose tolerance presumably due to 
reduced beta cell proliferation. In mature beta cells basal proliferation rates are usually very low 
(1%), even with HFD it will still under quite low (5%), thus the contribution of beta cell proliferation 
to impaired glucose tolerance may be marginal. If as the data were shown TRPM7 ablation 
increased GSIS at 14mM glucose, then upon HFD challenge the mice should exhibit improved glucose 
tolerance.  
 
Minor points:  
 
1. Fig. 1, during GTT, insulin secretion upon glucose loading should be measured. Fasting 
insulin secretion did not provide insulin capability during glucose challenge.  
2. The two beta cell specific TRMP7 knockout models did not show consistent result. To 
support the main point, only one model could be presented.  
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Reviewer 2 
 
Advance summary and potential significance to field 
 
Altman and Schaub et al. demonstrate through a series of temporal genetic manipulations in mice, 
that, TRPM7 plays a critical role in pancreatic development. They demonstrated mild glucose 
intolerance phenotype despite increase insulin secretion and a reduction in beta-cell proliferation 
under high-fat diet condition. The mechanisms is not clear but perturbation of intracellular Mg 
level may contribute to these observed phenotypes. 
Overall, the study is interesting and shed lights on the role of TRPM7 in pancreas and in beta cells 
function. However, greater exploration of the mechanisms of the phenotypes are observed are 
essential and there are some issues with the study that need to be addressed, especially some poor 
presentation and missing descriptions in the methods and inconclusive data that question some 
major conclusions of the paper. 
 
Comments for the author 
 
Overall, the study is interesting and shed lights on the role of TRPM7 in pancreas and in beta cells 
function. However, greater exploration of the mechanisms of the phenotypes are observed are 
essential and there are some issues with the study that need to be addressed, especially some poor 
presentation and missing descriptions in the methods and inconclusive data that question some 
major conclusions of the paper. 
 
Major Concerns: 
 
1.The paper can be improved by including rationale to look at the role of TRPM7 in pancreas 
development, and lay out for the reader for why to test in pancreatic progenitor stage and 
endocrine stage. We find that there are gaps in the logical argument of the rationale for the study, 
and we would encourage the authors to further develop their rationale in the introduction further. 
Moreover, the manuscript should be reviewed carefully so that conclusions in results sections are 
supported by the data. For example, in Figure2, “These data indicate that TRPM7 channels are 
critical for pancreatic progenitor proliferation, but not differentiation.” In this section, they have 
shown that deletion of TRPM7 is not sufficient to impact endocrine development, by showing ratio 
of beta-cells and alpha cells per area. Fig 1 or 2 did not have any data on cell proliferation.  
Also, what is the effect of TRPM7 in other endocrine cells such as delta cells?  
Also no clear description of supplemental figures in the text (S1B, C, and S2A for example). 
 
2. In Figure 1, Do figures 1A, B, C all represent pancreas data from e16.5?  
In the abstract “ Ablation of TRPM7 within pancreatic progenitors reduced pancreatic size, as well 
as α-cell and β-cell mass. Result sections also refer to the data as “reduced β-cell mass”. Yet, 
beta-cell mass was not measured, and it should be done to make this as a correct conclusion and to 
make this paper stronger. Since pancreas weight is available, beta-cell mass should be analyzed 
previously described by Gannon et al (PMID: 25628421, but 50 um apart vs. 250 um as these as 
embryos to newborn). Fig 1. How was total pancreas area calculated?  
Amylase staining would be suitable to assess exocrine area. For G-H not clear how this was 
calculated, and should be noted clearly in the method section. What is the distinction between F 
and G? Similarly, between H and I? Across how many slides were these cell counts conducted, and 
how many cells counted?  
 
3. With such a drastic pancreas hypoplasia, why such a minimal glucose intolerance phenotype in 
the TRPM7 Pan KO? Was beta-cell mass altered at this age in adult and P0, was it recuperated to 
explain the mild glucose? Given the effect on GSIS  
(increased), beta-cell mass should be analyzed. What is the level of PdxCre efficiency at these 
point in the adult mice? What is the level of TRPm7 protein at this ages tested? 
 
4. It appears that pancreas area (Figure 2C) might be lower in the TRPM7KOEndo.  
What is the p-value for this? Would also like to see a p-value for figure 2E.  
Again, what is the difference between 2D,E and 2F,G. How was the cell count done and across how 
many sections? It is not surprising that TRPM7KOEndo has no phenotype in beta-cell mass, so it will 
be important to show efficiency of Ngn3Cre in the TRPM7KOEndo. 
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5. In Fig 3, at what age were these mice induced with tamoxifen? What is the genotype of the
control, and were they treated with tamoxifen like the KO?

6. Figure 3D shows glucose intolerance in TRPM7KO after 2 weeks HFD treatment.
Were the mice in 3C (normal diet) and 3D (high-fat diet) the same age when IPGTT was done? To
assess proliferation, 2 weeks of HFD is sufficient, is this reduction in proliferation sufficient to alter
mass? Longer HFD exposure to test the ability of these mice to mount a beta-cell mass
compensation would be needed.

7.Authors indicate that under normal chow diet, TRPM7KOPANC and MIP have markedly increased
insulin secretion in response to high-glucose conditions and this was presented as ng/mL per hour.
This presentation is uncommon, and it should be corrected to total insulin content to correct islet
size variability between samples, and to account for the defect in insulin content.

8. In TRPM7KOIns in HFD, what is insulin secretion status? Given the potential increased in GSIS
model (like the MIPCre), and a mild to no effect on glucose tolerance suggest that beta-cell mass is
potentially reduced. Was there β-cell mass expansion under HFD in the control or is 2wks HFD not
sufficient to induce that? How did HFD β-cell mass compare between control and KO? Did decreased
proliferation in the KO affected β-cell/ β-cell mass expansion under HFD? If β-cell mass was not
different, is there a difference in islet number and islet size between control and ko? Authors
indicate that β-cell proliferation was decreased in the KO. However, was there some kind of
compensatory mechanism like reduced cell death? Analysis of TUNEL in conjunction with the Ki67
data would ideal.

9. Given the prominent role of TRPM7 on Ca2+ and Mg2+ handling, a more careful analysis of
calcium should be done. The calcium recording seems short and should be extended to also study
the role of TRPM7 on oscillation (in intact islet), and whether it affects the plateau and period.

10. The Authors argues that TRPM7 regulates Mg2+ efflux and limits intracellular Mg2+
concentration. In GSIS, this efflux is reduced. Thus, increased GSIS in the TRPM7KOendo limits the
efflux of Mg2+, which upregulates adenylyl cyclase levels which elevates cAMP levels and
upregulates GSIS. With increased insulin, AKT phosphorylation is expected and more proliferation.
In the discussion the authors state “…reduced AKT phosphorylation in TRPM7 deficient β-cells may
limit proliferation in response to HFD.” The mechanisms of proliferation via insulin autocrine should
be further explored. What is the data on phosphorylation of insulin/ AKT (phosphorylated thr304,
ser473) and S6 ser240, should be assessed, as well Pdx1 protein.
Palmitate treatment in vitro might be telling, and see if there is increased in with or without
blockage of insulin receptor, or putting back Mg. With more mechanistic studies, then the title can
be justified.

Minor: 

1. Typo 1G, 2D, inuslin vs. insulin?
2. General comment about the fidelity (expression in non-pancreas) of mice used such as the
Pdx1-Cre should be discussed in the paper.
3. The age and sex should be noted per figure legends.
4. Not all data in Supplement are not discussed in the manuscript.
5. In panel 3G, is “islet area” just indicating Ins+ area in the islet or was something like
synaptophysin utilized to correct ki67 to number of all cell types in the islet? How many cells were
counted per mouse?
6. How many cells were counted in panel 3H?
7. There should be comments on the effects on female mice.
8. ANOVA was noted in the Stats, but it is not clear which figure it was used on based on
legends.

Reviewer 3 

Advance summary and potential significance to field 
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Summary Altman et al. investigated the function of the TRPM7 channel in pancreatic development 
and endocrine differentiation/function through the generation of several TRPM7 knockout mouse 
models. At first, TRPM7 KO in pancreatic progenitors (TRPM7KOPanc) was used to demonstrate that 
this channel is a key determinant of mouse pancreas development, recapitulating the phenotype 
that had already been reported in zebrafish (Yee et al., 2011). However, they also discovered an 
impaired endocrine development and onset of glucose intolerance in the knockout. Next, it was 
shown that while TRPM7 removal from endocrine progenitors (TRPM7KOEndo) or mature β-cells 
(TRPM7KOMipβ and TRPM7KOINSβ) does not induce any developmental phenotype. However, 
TRPM7-deficient islets show enhanced GSIS after high-glucose stimulation compared to WT, 
although glucose-stimulated Ca2+ influx was significantly higher in WT islets. Furthermore, 
cytosolic Mg2+, divalent cation that is regulated by TRPM7 channel and that is potentially involved 
in inducing proliferation and GSIS, was higher in KO islets compared to WT. The authors also 
showed that, while TRPM7KOINSβ mice do not develop glucose intolerance under physiological 
conditions, when placed on a high fat diet (HFD) the glucose intolerance is slightly higher in 
TRPM7KOINSβ mice compared to WT.  
Interestingly, in this condition, β-cell proliferation was significantly reduced in KO islets compared 
to WT. The authors propose TRPM7 as a key determinant of pancreas and endocrine pancreas 
development and function. 

Comments for the author 

General comments: 

Although the manuscript provides new interesting insights on the role of TRPM7, it does not provide 
novel contributions on developmental aspects of the pancreas. For example, there is no new 
information on the underlying mechanism for the pancreatic hypoplasia in TRPM7KOPanc mice 
(confirms the phenotype published in zebrafish). Moreover, the evidence that the reduction of 
endocrine cells in TRPM7KOPanc mice is not simply a result of the hypoplasia needs to be backed up 
with additional data. Previous work showed that the TRPM7 channel induce proliferation by 
increasing the intracellular Mg2+. In contrast, the authors show that cytosolic Mg2+ was 
unexpectedly higher in TRPM7-deficient islets, which show reduced proliferation. In conclusion, the 
link between TRPM7, Mg2+ and proliferation needs to be substantially strengthened.  

Specific comments: 

1) In Figure 1 there is a discrepancy between Insulin and Glucagon images (Fig. 1D,E) with
their respective quantifications (Fig. 1G-J). Please use more representative images. Additionally, E-
cadherin co-staining should be used for a more accurate quantification (exclude mesenchyme) of
the relative number on insulin+
and glucagon+ cells.

2) Figure 2 shows very effectively the lack of a phenotype in TRPM7KOEndo mice. However,
the conclusion that TRPM7 channel is critical for pancreatic progenitor proliferation, but not
differentiation, is not supported by data. While proliferation is a good candidate to explain the
mechanism, this should be experimentally demonstrated.

3) In Figure 3D, it is shown that both WT and TRPM7KOINSβ mice develop glucose intolerance
when placed in HFD, but that this is more visible in the KO. However, the two main time points of
this glucose tolerance test (GTT) display an insignificant difference between WT and KO mice. Only
when measuring the area under the curve (AUC), which neglects the variability of the single time
points, this difference becomes significant.
In this case, the authors should either increase the time point number of the GTT to strengthen
their data, or state that this is a tendency, rather than a significant variation.

4) Figure 3E shows that on HFD β-cell proliferation in islets is reduced in TRPM7KOINSβ mice.
The authors conclude that the associated glucose intolerance (Figure 3D) is caused in part by the
reduced β-cell proliferation. This conclusion needs to be backed up with data, which is currently
lacking.
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5) Glucose-stimulated calcium influx was higher in WT than in TRPM7 KO islets, while the
opposite was observed for GSIS. Please comment on these contradictory findings.

6) The last two pages contain a long discussion, in which many papers are cited, speculating,
without any supporting data, on mechanisms linking TRPM7, Mg2+ and proliferation. Previous work
has led to the consensus that TRPM7-mediated Mg2+ influx promotes proliferation. Unexpectedly,
TRPM7-deficiency leads to increased Mg2+ levels in beta cells under physiological conditions.
Unfortunately, the authors do not measure Mg2+ concentrations and proliferation in the same beta
cell population. Beta cell proliferation was only measured during HFD. To establish whether the
role of TRPM7 in Mg2+ transport and cell proliferation works in a different manner in the beta cells
the authors must simultaneously measure Mg2+ and proliferation in beta cells under physiological
conditions.

7) In the end, the authors hypothesize an unexpected mechanism, citing the work of Jin et
al., 2008, in which “TRPM7 may also influence pancreatic development through maintenance of a
pluripotent stem cell population by controlling expression of OCT4, NANOG, and STAT3 similarly to
thymocytes.” However, the cited paper, which focuses mainly on TRPM7 role in thymic
development, only shows that TRPM7 is expressed in embryonic stem cells. There is no evidence for
stem cells in the developing pancreas.

First revision 

Author response to reviewers' comments 

Reviewer 1 

Advance Summary and Potential Significance to Field 

TRPM7 is a unique transmembrane protein acting as both ion channel and kinase. It has been 
reported that TRPM7 is required during development of organs such as heart and pancreas. In this 
study, the authors characterized the role of TRPM7 in pancreatic beta cell development, 
proliferation, and insulin secretion in mature beta cells. The authors using several tissue-specific 
TRPM7 knockout models to show that TRPM7 was required for pancreatic development including 
both exocrine and endocrine tissues. However, it was not required during differentiation. They also 
showed TRPM7 ablation in beta cells reduced pancreatic beta cell proliferation under stress 
condition (HFD). As a permeable channel for divalent ions, TRPM7 was shown to have effects on 
intracellular Mg2+ and this effect is independent of calcium or zinc influx. These data are novel 
and of interest to those in the field. The animals models were a strength. 

Comments for the Authors 

The topic was overall novel and using multiple knockout mouse models was a strength, however, 
in my opinion, (in places) the data were not accurately analyzed and conclusions were therefore 
not convincing. Adding to this, the findings in this study were actually not organized in an entirely 
logical manner and there was a lack of coherence among the sub-studies, again, in my opinion. 
Much of this can be corrected by a careful rewrite, taking these points into consideration.....and 
some data re-analysis and discussion of the weaknesses of the study where appropriate. 

We would like to thank Reviewer 1 for their time reviewing our manuscript; we appreciate the 
helpful feedback and assistance in ensuring the highest quality publication possible. We have 
thoroughly addressed all the reviewer’s comments and revised the manuscript accordingly. 
Due to COVID restrictions and the need to reestablish two mouse models to complete the 
proposed revisions, the timing of this revised manuscript was slightly delayed. However, the 
resulting revisions and new data have strengthened the manuscript and are summarized below. 
We believe that our manuscript is greatly improved and hope that it is suitable for publication 
in Development. 
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Major points: 

1. The authors examined TRPM7 role in beta cell, eg. Development, proliferation during 
stress condition, its role in insulin secretion. In many places the data are not coherently connected 
or under a common rationale and without clear mechanistic insight, leaving all these data as 
separated pieces without logical connection. The paper needs rationalization and structuring at 
the very least.

We thank the reviewer for these suggestions. We have significantly restructured and revised 
the manuscript accordingly, which has improved rationale and connectivity between TRPM7 
roles in development, proliferation, and beta-cell function. The mechanism for TRPM7 
function in development and proliferation has also been improved with additional data 
showing that proliferating beta-cells have increased magnesium levels and the magnitude of 
this magnesium elevation during proliferation is controlled in part by TRPM7. 

2. TRPM7 was shown to be required during pancreatic development for both exocrine and 
endocrine tissues but not differentiation. Although two knockout models are used there is no 
direct evidence showing a reduction of TRPM7 protein level caused the phenotype.

We thank the reviewer for suggesting this important experiment. We have performed an 
immunoprecipitation and subsequent a western blot for TRPM7 and found that indeed there is 
a significant reduction in TRPM7 protein expression in the TRPM7 pancreas knockout model. 

3. When challenged with HFD, islet area needs to be measured in the knockout mice. 
When Ki67+ beta cell was used to evaluate beta cell proliferation, it should be normalized by the 
beta cell number. Using the islet area for normalization could be compromised by the potential 
beta cell hyperplasia.

We thank the reviewer for this suggestion and have now included islet area measurements in the 
revised manuscript. We have also normalized Ki67+ beta-cells to beta-cell number. 

4. The authors showed ablation of TRPM7 impaired glucose tolerance presumably due to 
reduced beta cell proliferation. In mature beta cells, basal proliferation rates are usually very low 
(1%), even with HFD it will still under quite low (5%), thus the contribution of beta cell 
proliferation to impaired glucose tolerance may be marginal. If as the data were shown, TRPM7 
ablation increased GSIS at 14mM glucose, then upon HFD challenge the mice should exhibit improved 
glucose tolerance.

We thank the reviewer for these important implications of the modest glucose intolerance 
observed in the beta-cell TRPM7 KO animals compared to control animals post HFD. We also 
agree with the reviewer that the changes in beta-cell proliferation would not significantly 
impact the glucose intolerance noted in the beta-cell TRPM7KO mice following HFD exposure. 
Furthermore, as the HFD changes in GTT were very modest we wanted to ensure that this was 
significant, therefore, we have now added a new cohort of animals to this analysis. Combining 
the two data sets indicates that the trend towards impaired glucose tolerance of the beta-cell 
TRPM7 KO mice on a HFD is not significant. Instead, the data now show that glucose intolerance 
due to the HFD is equivalent between control and beta-cell TRPM7 KO animals. While there is 
greater insulin secretion observed from islets isolated from beta-cell TRPM7 KO mice, we are 
not sure why these changes do not improve glucose tolerance, but this has been observed in 
many transgenic lines (for example, see the normal GTT in a TALK-1 deficient animal even 
with significantly enhanced islet insulin secretion, PMID: 26239056). Other homeostatic 
mechanisms may contribute to the normal GTT observed in beta-cell TRPM7 KO mice such as 
tissue insulin sensitivity. However, determining the mechanism responsible for the normal 
glucose tolerance observed in beta-cell TRPM7 KO mice was out of the scope of the current 
investigation. 

Minor points: 
1. Fig. 1, during GTT, insulin secretion upon glucose loading should be measured. Fasting 
insulin secretion did not provide insulin capability during glucose challenge.

© 2021. Published by The Company of Biologists under the terms of the Creative Commons Attribution License 
(https://creativecommons.org/licenses/by/4.0/). 
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This insulin secretion data has been added as suggested (see Figure S2D). 

2. The two beta cell specific TRMP7 knockout models did not show consistent result. To
support the main point, only one model could be presented.

We appreciate the reviewer’s suggestion and only included the TRPM7KOMIPbeta line to 
corroborate the enhanced insulin secretion and reduced glucose-stimulated calcium influx 
observed in islets from TRPM7KOPANC mice. The GTTs from the TRPM7MIPbeta line is also 
equivalent to the TRPM7INSbeta line. 

Reviewer 2 

Advance Summary and Potential Significance to Field 

Altman and Schaub et al. demonstrate through a series of temporal genetic manipulations in mice, 
that, TRPM7 plays a critical role in pancreatic development. They demonstrated mild glucose 
intolerance phenotype despite increase insulin secretion and a reduction in beta-cell proliferation 
under high-fat diet condition. The mechanisms is not clear but perturbation of intracellular Mg 
level may contribute to these observed phenotypes. Overall, the study is interesting and shed 
lights on the role of TRPM7 in pancreas and in beta cells function. However, greater exploration of 
the mechanisms of the phenotypes are observed are essential and there are some issues with the 
study that need to be addressed, especially some poor presentation and missing descriptions in 
the methods and inconclusive data that question some major conclusions of the paper. 

Comments for the Authors 

Overall, the study is interesting and shed lights on the role of TRPM7 in pancreas and in beta cell’s 
function. However, greater exploration of the mechanisms of the phenotypes are observed are 
essential and there are some issues with the study that need to be addressed, especially some 
poor presentation and missing descriptions in the methods and inconclusive data that question some 
major conclusions of the paper. 

We would like to thank Reviewer 2 for their time reviewing our manuscript; we appreciate the 
helpful feedback and assistance in ensuring the highest quality publication possible. We have 
thoroughly addressed all the reviewer’s comments and revised the manuscript accordingly. 
Due to COVID restrictions and the need to reestablish two mouse models to complete the 
proposed revisions, the timing of this revised manuscript was slightly delayed. However, the 
resulting revisions and new data have strengthened the manuscript and are summarized below. 
We believe that our manuscript is greatly improved and hope that it is suitable for publication 
in Development. 

Major Concerns: 
1. The paper can be improved by including rationale to look at the role of TRPM7 in pancreas
development and lay out for the reader for why to test in pancreatic progenitor stage and
endocrine stage. We find that there are gaps in the logical argument of the rationale for the study,
and we would encourage the authors to further develop their rationale in the introduction further.
Moreover, the manuscript should be reviewed carefully so that conclusions in results sections are
supported by the data. For example, in Figure2, “These data indicate that TRPM7 channels are
critical for pancreatic progenitor proliferation, but not differentiation.” In this section, they have
shown that deletion of TRPM7 is not sufficient to impact endocrine development, by showing ratio
of beta-cells and alpha cells per area. Fig 1 or 2 did not have any data on cell proliferation. Also,
what is the effect of TRPM7 in other endocrine cells such as delta cells? Also, no clear description
of supplemental figures in the text (S1B, C, and S2A for example).

We thank the reviewer for these suggestions. We have significantly revised the manuscript and 
included more rationale in the introduction and results sections for looking at the role of TRPM7 
in pancreas development. Moreover, we have revised our conclusions to ensure they are 
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supported by the data and have made a conscious effort to not overstate our findings. We have 
also now included descriptions of all supplemental figures. 

Also, what is the effect of TRPM7 in other endocrine cells such as delta cells? 

We only looked at alpha-cells and beta-cells which were both decreased in the pdx1-cre floxed 
TRPM7 pancreata compared to controls. However, we did not stain these sections for 
somatostatin and cannot comment on the delta-cells. Future studies can be utilized to assess 
delta-cell effects of TRPM7 ablation. However, as delta-cells and beta-cells arise from a 
common progenitor, we predict that delta-cell number would be reduced in the pdx1-cre 
floxed TRPM7 pancreata. 

2. In Figure 1, Do figures 1A, B, C all represent pancreas data from e16.5? In the abstract “ Ablation 
of TRPM7 within pancreatic progenitors reduced pancreatic size, as well as α-cell and β-cell mass. 
Result sections also refer to the data as “reduced -cell mass”. Yet, beta-cell mass was not 
measured, and it should be done to make this as a correct conclusion and to make this paper 
stronger. Since pancreas weight is available, beta-cell mass should be analyzed previously described 
by Gannon et al (PMID: 25628421, but 50 um apart vs. 250 um as these as embryos to newborn). Fig 
1. How was total pancreas area calculated? Amylase staining would be suitable to assess exocrine 
area. For G-H not clear how this was calculated, and should be noted clearly in the method section. 
What is the distinction between F and G? Similarly, between H and I? Across how many slides were 
these cell counts conducted, and how many cells counted?

We thank the reviewer for these suggestions. We have now monitored beta-cell mass based on 
Maureen Gannon’s suggestions. We have also revised the manuscript to include more details 
about how total pancreas area was calculated in the methods section; these methods have 
previously been published (for example, see PMID: 28137793). We have also added more 
details into Figure 1 as well as the description of this figure about distinction between panels F 
and G and between H and I as well as how many slides and cell counts were conducted. 

3. With such a drastic pancreas hypoplasia, why such a minimal glucose intolerance phenotype in 
the TRPM7 Pan KO? Was beta-cell mass altered at this age in adult and P0, was it recuperated to 
explain the mild glucose? Given the effect on GSIS (increased), beta-cell mass should be analyzed. 
What is the level of PdxCre efficiency at these point in the adult mice? What is the level of TRPm7 
protein at this ages tested?

As only 20% of beta-cell mass is required to maintain glucose tolerance, even the drastic 
pancreas hypoplasia in the TRPM7 Pan KO results only in modest glucose tolerance. We have 
now included details about these modest GTT results in the results. We still observed a decrease 
in total pancreatic insulin in adult TRPM7 Pan KO mice, which suggests reduced islet mass in 
adults (see Figure S2B). Furthermore, there was a significant reduction in total islets in TRPM7 
Pan KO pancreata and they showed reduced insulin content (see Figure 1G, 1H, and S2A,D). To 
test the level of PdxCre efficiency we harvested islets from PdxCre TRPM7 pancreas KO mice 
and show that TRPM7 exon 17 is almost completely removed in islets from this mouse line (see 
Figure S1B). We also talked with Dr. David Clapham’s lab (who developed the floxed TRPM7 
mouse model) about detection of TRPM7 via immunofluorescence. They agreed with us that 
immunofluorescent detection of TRPM7 does not work in most tissues that they have tested; 
even with the best TRPM7 antibodies, which we now have and used for this manuscript. As the 
TRPM7 antibodies do not work for immunofluorescence on pancreatic slices, we were unable to 
get an exact measurement of the PdxCre knockout efficiency. However, we have now looked 
at TRPM7 protein levels with western blotting and find that it is almost completely lost in 
pancreas from PdxCre TRPM7 KO mice (see Figure S1C). 

4. It appears that pancreas area (Figure 2C) might be lower in the TRPM7KOEndo. What is the p- 
value for this? Would also like to see a p-value for figure 2E. Again, what is the difference between 
2D,E and 2F,G. How was the cell count done and across how many sections? It is not surprising that 
TRPM7KOEndo has no phenotype in beta-cell mass, so it will be important to show efficiency of 
Ngn3Cre in the TRPM7KOEndo.

We thank the reviewer for these suggestions. We have now added the p-values for the 
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pancreas area of the TRPM7KOEndo KO mouse compared to controls as well as that for 2E (see 
figure 2 legend). We have also detailed how many sections were used for the cell counts 
shown in Figure 2. Because immunofluorescent detection of TRPM7 does not work as detailed 
above (in response to point 4), we were unable to determine the exact efficiency of Ngn3Cre 
in the TRPM7KOEndo. However, we did stain for CRE in the ngn-cre line that a coauthor on 
this paper (Guoqiang Gu) developed with Dr. Doug Melton. The number of cre positive cells in 
the E16.5 pancreatic sections taken from the same paraffin blocks used for the TRPM7KOEndo 
cell counts showed high numbers of cre positive cells, which were similar to the number NGN3 
positive cells at the same time point. Therefore, this line works well and the cre expression 
(as determined by immunofluorescent intensity) is at levels comparable to other cre drivers 
stained the same way. We have now added the ngn3cre staining and further description of this 
line in the supplemental data and methods (see Figure S3). 

5. In Fig 3, at what age were these mice induced with tamoxifen? What is the genotype of the 
control, and were they treated with tamoxifen like the KO?

The age (12 weeks old) of the mice treated with tamoxifen has now been added to the 
manuscript. The Ins-creER line was used as controls for these experiments and this has also 
been added to the manuscript. Finally, all animals were treated with tamoxifen for the 
experiments using tamoxifen and the manuscript has been revised to indicate this. 

6. Figure 3D shows glucose intolerance in TRPM7KO after 2 weeks HFD treatment. Were the mice 
in 3C (normal diet) and 3D (high-fat diet) the same age when IPGTT was done? To assess 
proliferation, 2 weeks of HFD is sufficient, is this reduction in proliferation sufficient to alter 
mass? Longer HFD exposure to test the ability of these mice to mount a beta-cell mass 
compensation would be needed.

We thank the reviewer for these important suggestions. We have revised the manuscript to 
indicate the age of the animals during IPGTT (see Figure 3 legend). We did not assess islet 
mass in the mice post HFD exposure, however, as there is only a slight increase in 
proliferation, we do not expect much change in mass. We have now discussed this point in the 
manuscript and related it to previous studies showing modest changes in beta-cell mass 
following exposure to a HFD for two weeks. The reason we used HFD was to test how TRPM7 
impacts beta-cell proliferation. We do not believe that the changes in beta- cell proliferation 
are responsible for the modest glucose intolerance noted in the beta-cell TRPM7KO mice after 
HFD exposure. As we had to generate more beta-cell TRPM7KO mice for magnesium 
experiments, we also tested this cohort of animals for HFD-induced changes in glucose 
tolerance. We added this new cohort of mice to the previous GTT data, and the results indicate 
that there is no significant difference in GTT between controls and beta-cell TRPM7KO mice on 
a HFD (see Figure 3I). Finally, we confirmed that dispersed beta-cells from TRPM7KOINSBETA 
mice also show decreased proliferation compared to controls following exposure to a HFD (see 
figure 4F), which is comparable to that shown with Ki67 staining of intact pancreata (see 
Figure 3A-C). 

7. Authors indicate that under normal chow diet, TRPM7KOPANC and MIP have markedly 
increased insulin secretion in response to high-glucose conditions and this was presented as ng/mL 
per hour. This presentation is uncommon, and it should be corrected to total insulin content to 
correct islet size variability between samples, and to account for the defect in insulin content.

We have modified the figures accordingly to show total insulin content and secretion per 
content. 

8. In TRPM7KOIns in HFD, what is insulin secretion status? Given the potential increased in GSIS 
model (like the MIPCre), and a mild to no effect on glucose tolerance suggest that beta-cell mass 
is potentially reduced. Was there β-cell mass expansion under HFD in the control or is 2wks HFD 
not sufficient to induce that? How did HFD β-cell mass compare between control and KO? Did 
decreased proliferation in the KO affected β-cell/ β-cell mass expansion under HFD? If β-cell mass 
was not different, is there a difference in islet number and islet size between control and ko?
Authors indicate that β-cell proliferation was decreased in the KO. However, was there some kind 
of compensatory mechanism like reduced cell death? Analysis of TUNEL in conjunction with the
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Ki67 data would ideal. Maybe do plasma insulin comparison of ins-cre mice after HFD 

We thank the reviewer for these comments. We observed increased insulin secretion from 
islets of both TRPM7KOPANC animals and TRPM7KOMIPBETA mice. Furthermore, this has also 
been reported in an INS-1 cell line with TRPM7 knockdown (see PMID: 31163064). This 
suggests that loss of TRPM7 results in increased beta-cell glucose-stimulated insulin secretion. 
Due to the animal numbers needed for other experiments required for this revision we were 
unable to confirm these findings in the TRPM7KOINSBETA line. However, even though beta-cell 
insulin secretion was increased from TRPM7KOMIPBETA islets, there was no change in glucose 
tolerance (see Figure S5B). The reason for this lack of impact of enhanced glucose-stimulated 
insulin secretion on glucose tolerance is currently unknown but could potentially be due to a 
change in insulin sensitivity with the increase in insulin secretion from the beta-cell TRPM7 
knockouts. Moreover, many animals that have enhanced glucose-stimulated insulin secretion 
do not show altered glucose tolerance (such as mice with TALK-1 channel ablation, see PMID: 
26239056). Future clamp studies will allow clear assessment of the mechanisms for this 
normal glucose tolerance with enhanced insulin secretion but are beyond the scope of this 
manuscript. 

Although we observed reduced beta-cell proliferation in TRPM7KOInsbeta pancreata (see 
Figure 3A-C) and isolated beta-cells (see Figure 4F) following exposure to a HFD for 2 weeks, 
we observe no change in beta-cell number or area (see Figure 3a-f). We have now updated 
Figure 3 accordingly to show that there is no difference in beta-cell number, islet number, or 
islet size between TRPM7KOInsbeta pancreata and controls post HFD treatment (see Figure 3D-
F). We only used the HFD experiments to study the roll of TRPM7 in proliferation. While 
experiments testing the beta-cell stress response modulation by TRPM7 and its impact on cell 
death is beyond the scope of this article, we did perform TUNEL staining on control and 
TRPM7 beta-cell KO pancreata as suggested. There was equivalent TUNEL staining between 
control and TRPM7 beta-cell KO pancreata from HFD- treated animals, this is now included in 
the supplemental data (see Figure S4A and S4B) 

9. Given the prominent role of TRPM7 on Ca2+ and Mg2+ handling, a more careful analysis of 
calcium should be done. The calcium recording seems short and should be extended to also study 
the role of TRPM7 on oscillation (in intact islet), and whether it affects the plateau and period.

We thank the reviewer for this suggestion. We were surprised that calcium levels decreased, 
and insulin secretion increased in TRPM7 knockout islets. However, because TRPM7 is 
permeable to calcium, a loss of TRPM7 might be expected to reduce islet calcium levels 
following glucose-stimulation. We agree that TRPM7 could impact other parameters for calcium 
handling independent of the initial rise of calcium and have now indicated this in the 
manuscript. However, this manuscript focused on understanding how TRPM7 controls 
development and proliferation. As supplementation with magnesium rescues defects in both 
pancreas development and cellular proliferation following TRPM7 knockout or knockdown, we 
primarily assessed TRPM7 control of magnesium in this manuscript. Furthermore, we now 
include additional data showing that proliferating beta-cells show elevations in magnesium and 
the magnitude of this change in magnesium is controlled in part by TRPM7 (see Figure 4C-F). 
We did not have enough animals to do the calcium oscillation studies, but calcium and insulin 
secretion were not the primary focus of this manuscript and thus examining all details of 
calcium handling such as plateau fraction are beyond the scope of this article. 

10. The Authors argues that TRPM7 regulates Mg2+ efflux and limits intracellular Mg2+ 
concentration. In GSIS, this efflux is reduced. Thus, increased GSIS in the TRPM7KOendo limits the 
efflux of Mg2+, which upregulates adenylyl cyclase levels, which elevates cAMP levels and 
upregulates GSIS. With increased insulin, AKT phosphorylation is expected and more proliferation. 
In the discussion the authors state “…reduced AKT phosphorylation in TRPM7 deficient β-cells may 
limit proliferation in response to HFD.” The mechanisms of proliferation via insulin autocrine 
should be further explored. What is the data on phosphorylation of insulin/ AKT (phosphorylated 
thr304, ser473) and S6 ser240, should be assessed, as well Pdx1 protein. Palmitate treatment in 
vitro might be telling, and see if there is increased in with or without blockage of insulin receptor, 
or putting back Mg. With more mechanistic studies, then the title can be justified.



Development | Peer review history 

© 2021. Published by The Company of Biologists under the terms of the Creative Commons Attribution License 
(https://creativecommons.org/licenses/by/4.0/). 12 

We appreciate the authors suggestion to perform more mechanistic studies. To do this we 
harvested islets from control and TRPM7KOInsbeta mice 2 weeks post HFD and looked at beta-
cell magnesium content in Ki67+ beta-cells and non-proliferating beta-cells. Interestingly, 
magnesium is significantly elevated in the Ki67+ beta-cells from control (Ins-creERT mice) 
mice, however, there is only a trend towards increased magnesium in the Ki67+ beta-cells 

from the TRPM7KOInsbeta mice (see Figure 4C-F). This is likely due to the higher resting Mg2+ 
concentration in the TRPM7KOInsbeta beta-cells when compared to the controls. Therefore, 
the overall change in magnesium during proliferation is significantly diminished in the 
TRPM7KOInsbeta mice. This is the first time that magnesium levels have been analyzed in 
beta-cells during proliferation and will be important data to the diabetes field. Furthermore, 
this data indicates that magnesium handling in the TRPM7 deficient beta-cells is perturbed 
compared to controls. Taken together, this data suggests a role of magnesium in TRPM7 
modification of beta-cell proliferation. 

Minor: 

1. Typo 1G, 2D, inuslin vs. insulin?

This has been revised accordingly. 

2. General comment about the fidelity (expression in non-pancreas) of mice used such as 
the Pdx1-Cre should be discussed in the paper.

Details about expression of the CRE in other tissues for these mice has been added to the 
manuscript. 

3. The age and sex should be noted per figure legends.

This has been added accordingly. 

4. Not all data in Supplement are not discussed in the manuscript.

The supplemental data are now all discussed in the manuscript. 

5. In panel 3G, is “islet area” just indicating Ins+ area in the islet or was something like 
synaptophysin utilized to correct ki67 to number of all cell types in the islet? How many cells were 
counted per mouse?

Islet area was determined by total beta-cell area. However, this analysis has been removed and 
replaced with a more robust analysis (see Fig. 3C,D,E,F). 

6. How many cells were counted in panel 3H?

Greater than 1969 cells were counted per pancreatic slide that was used to generate Figure 
3H, with a total of ten slides counted per pancreas. Also, we have now added dispersed beta-
cell proliferation following exposure to a HFD, which replicates what was found in figure 3A-C 
for TRPM7 KO beta-cells showing reduced proliferation. 

7. There should be comments on the effects on female mice.

We have added new GTT data on female mice and commented on this in the revised manuscript 
(see Figure S5). 

8. ANOVA was noted in the Stats, but it is not clear which figure it was used on based on 
legends.

We have revised the statistics section accordingly and removed ANOVA as it was not used in 
any of the statistical analysis performed in the revised manuscript. 
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Reviewer 3 
 
Advance Summary and Potential Significance to Field 
 
Altman et al. investigated the function of the TRPM7 channel in pancreatic development and 
endocrine differentiation/function through the generation of several TRPM7 knockout mouse 
models. At first, TRPM7 KO in pancreatic progenitors (TRPM7KOPanc) was used to demonstrate 
that this channel is a key determinant of mouse pancreas development, recapitulating the 
phenotype that had already been reported in zebrafish (Yee et al., 2011). However, they also 
discovered an impaired endocrine development and onset of glucose intolerance in the knockout. 
Next, it was shown that while TRPM7 removal from endocrine progenitors (TRPM7KOEndo) or 
mature β-cells (TRPM7KOMipβ and TRPM7KOINSβ) does not induce any developmental phenotype. 
However, TRPM7-deficient islets show enhanced GSIS after high-glucose stimulation compared to 
WT, although glucose-stimulated Ca2+ influx was significantly higher in WT islets. Furthermore, 
cytosolic Mg2+, divalent cation that is regulated by TRPM7 channel and that is potentially involved 
in inducing proliferation and GSIS, was higher in KO islets compared to WT. The authors also 
showed that, while TRPM7KOINSβ mice do not develop glucose intolerance under physiological 
conditions, when placed on a high fat diet (HFD) the glucose intolerance is slightly higher in 
TRPM7KOINSβ mice compared to WT. Interestingly, in this condition, β-cell proliferation was 
significantly reduced in KO islets compared to WT. The authors propose TRPM7 as a key 
determinant of pancreas and endocrine pancreas development and function. 
 
Comments for the Authors 
Although the manuscript provides new interesting insights on the role of TRPM7, it does not 
provide novel contributions on developmental aspects of the pancreas. For example, there is no 
new information on the underlying mechanism for the pancreatic hypoplasia in TRPM7KOPanc 
mice (confirms the phenotype published in zebrafish). Moreover, the evidence that the reduction 
of endocrine cells in TRPM7KOPanc mice is not simply a result of the hypoplasia needs to be backed 
up with additional data. Previous work showed that the TRPM7 channel induce proliferation by 
increasing the intracellular Mg2+. In contrast, the authors show that cytosolic Mg2+ was 
unexpectedly higher in TRPM7-deficient islets, which show reduced proliferation. In conclusion, 
the link between TRPM7, Mg2+ and proliferation needs to be substantially strengthened. 
 
We would like to thank Reviewer 3 for their time reviewing our manuscript; we appreciate the 
helpful feedback and assistance in ensuring the highest quality publication possible. We have 
thoroughly addressed all the reviewer’s comments and revised the manuscript accordingly. 
Due to COVID restrictions and the need to reestablish two mouse models to complete the 
proposed revisions, the timing of this revised manuscript was slightly delayed. However, the 
resulting revisions and new data have strengthened the manuscript and are summarized below. 
We believe that our manuscript is greatly improved and hope that it is suitable for publication 
in Development. 
 
Specific comments: 
 
1) In Figure 1 there is a discrepancy between Insulin and Glucagon images (Fig. 1D,E) with 
their respective quantifications (Fig. 1G-J). Please use more representative images. Additionally, 
E- cadherin co-staining should be used for a more accurate quantification (exclude mesenchyme) of 
the relative number on insulin+and glucagon+ cells. 
 

We appreciate this suggestion and have updated figure 1 accordingly. We have shown the 
staining of insulin positive and glucagon positive cells per total pancreas area. As we did not 
stain the pancreatic sections for these images with E-cadherin, we used the pancreas weight 
to get a more accurate measure of beta-cell and alpha-cell mass in the pancreas (as detailed 
in PMID: 22829579), which is now include in figure 1. 
 
2) Figure 2 shows very effectively the lack of a phenotype in TRPM7KOEndo mice. 
However, the conclusion that TRPM7 channel is critical for pancreatic progenitor proliferation, but 
not differentiation, is not supported by data. While proliferation is a good candidate to explain 
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the mechanism, this should be experimentally demonstrated. 

We appreciate the reviewer pointing that this conclusion is not supported by the data. 
However, we only had pancreatic slices and paraffin blocks of pancreata from TRPM7KOPanc 
and control animals at E16.5, which is past the stage of pancreatic progenitor proliferation. 
Therefore, we were unable to confirm if the pancreatic progenitor proliferation was different. 
We have modified this conclusion accordingly in the results and discussion section. 

3) In Figure 3D, it is shown that both WT and TRPM7KOINSβ mice develop glucose
intolerance when placed in HFD, but that this is more visible in the KO. However, the two main
time points of this glucose tolerance test (GTT) display an insignificant difference between WT
and KO mice. Only when measuring the area under the curve (AUC), which neglects the variability
of the single time points, this difference becomes significant. In this case, the authors should
either increase the time point number of the GTT to strengthen their data, or state that this is a
tendency, rather than a significant variation.

We thank the reviewer for pointing out this modest GTT difference and have added more 
numbers to this data set as suggested. The HFD changes in GTT were indeed very modest and 
to ensure that this was significant we added a new cohort of animals to this analysis. 
Combining these data sets clearly indicates that the trend towards impaired GTT of the 
TRPM7KOINSβ mice on a HFD is not significant. Instead, the data now show that glucose 
intolerance post HFD is equivalent between control and TRPM7KOINSβ mice (See Figure 3I and 
3H). 

4) Figure 3E shows that on HFD β-cell proliferation in islets is reduced in TRPM7KOINSβ
mice. The authors conclude that the associated glucose intolerance (Figure 3D) is caused in part
by the reduced β-cell proliferation. This conclusion needs to be backed up with data, which is
currently lacking.

We appreciate the reviewer for pointing out that this conclusion was not supported by the 
data. Furthermore, our new data showing that the TRPM7KOINSβ mice and control mice have 
equivalent glucose intolerance on both a control chow as well as HFD diets indicate this 
assumption was flawed. Therefore, we have removed this conclusion from the manuscript. 

5) Glucose-stimulated calcium influx was higher in WT than in TRPM7 KO islets, while the
opposite was observed for GSIS. Please comment on these contradictory findings.

After observing the increase in GSIS from both the TRPM7KOPanc islets as well as the 
TRPM7MIPbeta islets, we assumed that calcium would be greater in the TRPM7 deficient islets. 
However, upon looking at calcium in both the TRPM7KOPanc islets and TRPM7MIPbeta islets, 
we observed slightly decreased glucose-stimulated calcium influx. Therefore, the changes in 
insulin secretion are likely due to another signaling defect in these islets. However, this does 
not rule out changes in islet calcium oscillation frequency, which was not assessed but is now 
discussed in the manuscript. We have also revised the discussion to include potential 
mechanisms for how TRPM7 may impact islet GSIS. As the focus of this manuscript was on 
development and proliferation in the context of TRPM7 control of magnesium handling, testing 
the mechanism(s) for improved GSIS from TRPM7 deficient islets was beyond the scope of the 
current manuscript. 

6) The last two pages contain a long discussion, in which many papers are cited,
speculating, without any supporting data, on mechanisms linking TRPM7, Mg2+ and proliferation.
Previous work has led to the consensus that TRPM7-mediated Mg2+ influx promotes proliferation.
Unexpectedly, TRPM7-deficiency leads to increased Mg2+ levels in beta cells under physiological
conditions. Unfortunately, the authors do not measure Mg2+ concentrations and proliferation in
the same beta cell population. Beta cell proliferation was only measured during HFD. To establish
whether the role of TRPM7 in Mg2+ transport and cell proliferation works in a different manner in
the beta cells the authors must simultaneously measure Mg2+ and proliferation in beta cells under
physiological conditions.

The reviewer makes a very important point. To address this concern, we investigated beta- cell 
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proliferation from control and TRPM7KOINSbeta mice under the proliferative cue of a high fat 
diet (HFD) because proliferation is too low in normal adult islets to measure enough beta-cells 
to assess magnesium changes. Islets were isolated from HFD treated animals (2 weeks post HFD 
initiation), dispersed into single cells, analyzed for magnesium (with MagFURA2), and post 
stained for insulin and Ki67. As the data now shows the Ki67 positive beta-cells show greater 
magnesium levels when compared to non-proliferating beta-cells (see Figure 4C-F). However, 
because the TRPM7KOINSbeta beta-cells show a greater basal magnesium level independent of 
proliferation (see Figure 4B-E), the change in magnesium in proliferating TRPM7KOINSbeta 
beta-cells is reduced when compared to control beta-cells (see Figure 4B-F and S7A). 
Therefore, this data shows for the first time that magnesium is elevated in primary beta-cells 
during proliferation. The data also indicate that TRPM7 impacts the associated elevation in 
beta-cell magnesium during proliferation. 

7) In the end, the authors hypothesize an unexpected mechanism, citing the work of Jin et
al., 2008, in which “TRPM7 may also influence pancreatic development through maintenance of a
pluripotent stem cell population by controlling expression of OCT4, NANOG, and STAT3 similarly to
thymocytes.” However, the cited paper, which focuses mainly on TRPM7 role in thymic
development, only shows that TRPM7 is expressed in embryonic stem cells. There is no evidence
for stem cells in the developing pancreas.

We agree with the reviewer and have revised the discussion accordingly. We have also 
updated the discussion based on the changes in magnesium we see in pancreatic beta- cells 
during proliferation as well as the role that TRPM7 plays in magnesium handling during 
proliferation. 

Second decision letter 

MS ID#: DEVELOP/2020/194928 

MS TITLE: TRPM7 is a critical regulator of pancreatic endocrine development and high-fat diet-
induced β-cell proliferation. 

AUTHORS: Molly K. Altman, Charles M. Schaub, Matthew T. Dickerson, Karolina E Zaborska, 
Prasanna K. Dadi, Arya Y Nakhe, Sarah M. Graff, Thomas J. Galletta, Gautami Amarnath, Ariel S. 
Thorson, Guoqiang Gu, and David A. Jacobson 

I have now received all the referees reports on the above manuscript, and have reached a decision. 
The referees' comments are appended below, or you can access them online: please go to 
BenchPressand click on the 'Manuscripts with Decisions' queue in the Author Area. 

The overall evaluation is positive and we would like to publish a revised manuscript in 
Development. Before we can move forward you will need to address the remaining 
concerns/questions raised by Referee #3. I believe most of these can be handled by modifications 
to the text and figures, without further experimentation. Please attend to these as soon as you can 
and get the revised manuscript back to me. If you do not agree with any of their criticisms or 
suggestions explain clearly why this is so. 

We are aware that you may currently be unable to access the lab to undertake experimental 
revisions. If it would be helpful, we encourage you to contact us to discuss your revision in greater 
detail. Please send us a point-by-point response indicating where you are able to address concerns 
raised (either experimentally or by changes to the text) and where you will not be able to do so 
within the normal timeframe of a revision. We will then provide further guidance. Please also note 
that we are happy to extend revision timeframes as necessary.  
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Reviewer 1 

Advance summary and potential significance to field 

The study identifies a critical role for TRPM7 channels in pancreatic islet cells and shows that they 
increase beta-cell Mg2+levels to promote proliferation in the presence of insulin resistance. 

Comments for the author 

I think that the authors have done a reasonable job addressing my comments. 

Reviewer 2 

Advance summary and potential significance to field 

This study identifies a critical developmental role for TRPM7 channels in pancreatic progenitor 
cells. Mechanistically, this study determines that TRPM7 increases β-cell Mg2+ levels during 
proliferation and promotes β-cell proliferation under insulin resistant conditions. 

Comments for the author 

The authors addressed my concerns. 

Reviewer 3 

Advance summary and potential significance to field 

This manuscript identifies a critical developmental role for TRPM7 channels in pancreatic 
progenitor cells. The manuscript also determines that TRPM7 increases β-cell Mg2+levels during 
proliferation and promotes β-cell proliferation under insulin resistant conditions. 

Comments for the author 

1) In Figure 1 there is a discrepancy between Insulin and Glucagon images (Fig. 1D,E) with their
respective quantifications (Fig. 1G-J). Please use more representative images.
Additionally, E-cadherin co-staining should be used for a more accurate quantification (exclude
mesenchyme) of the relative number on insulin+ and glucagon+ cells.
The authors replaced the old images with more representative ones. However, the lack of E-
cadherin staining does not permit an accurate relative (to the epithelium) quantification of relative
number of insulin+ and glucagon+ cells.

2) Figure 2 shows very effectively the lack of a phenotype in TRPM7KOEndo mice.
However, the conclusion that TRPM7 channel is critical for pancreatic progenitor proliferation, but
not differentiation, is not supported by data. While proliferation is a good candidate to explain the
mechanism, this should be experimentally demonstrated.
The authors removed from text the unsupported conclusion. However, they did not provide any new
information on a hypothetic role of TRPM7 on pancreatic progenitor proliferation or differentiation.

3) In Figure 3D, it is shown that both WT and TRPM7KOINSβ mice develop glucose intolerance when
placed in HFD, but that this is more visible in the KO. However, the two main time points of this
glucose tolerance test (GTT) display an insignificant difference between WT and KO mice. Only
when measuring the area under the curve (AUC), which neglects the variability of the single time
points, this difference becomes significant. In this case, the authors should either increase the time
point number of the GTT to strengthen their data, or state that this is a tendency, rather than a
significant variation.
The authors acknowledged that the difference that was reported in the first version is not
significant.

4) Figure 3E shows that on HFD β-cell proliferation in islets is reduced in TRPM7KOINSβ mice. The
authors conclude that the associated glucose intolerance (Figure 3D) is caused in part by the
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reduced β-cell proliferation. This conclusion needs to be backed up with data, which is currently 
lacking. 
The authors acknowledge that there is no difference in glucose intolerance between TRPM7KOINSβ 
and WT mice, and have therefore removed this unsupported conclusion from the manuscript. 

5) Glucose-stimulated calcium influx was higher in WT than in TRPM7 KO islets while the opposite
was observed for GSIS. Please comment on these contradictory findings.
The authors included some potential mechanisms in the discussion, but did not perform any further
investigation on this part, as they said this goes beyond the scope of the manuscript.

6) The last two pages contain a long discussion, in which many papers are cited speculating,
without any supporting data, on mechanisms linking TRPM7, Mg2+ and proliferation. Previous work
has led to the consensus that TRPM7-mediated Mg2+ influx promotes proliferation. Unexpectedly
TRPM7-deficiency leads to increased Mg2+ levels in beta cells under physiological conditions.
Unfortunately, the authors do not measure Mg2+ concentrations and proliferation in the same beta
cell population.
Beta cell proliferation was only measured during HFD. To establish whether the role of TRPM7 in
Mg2+ transport and cell proliferation works in a different manner in the beta cells the authors must
simultaneously measure Mg2+ and proliferation in beta cells under physiological conditions.
The authors provided new data linking HFD-induced proliferation of β-cells and increase of
intracellular Mg2+. The authors conclude that TRPM7 enhances Mg2+ influx in β-cells during
proliferation and that intracellular Mg2+ promotes β-cell proliferation. These data are not correctly
interpreted as intracellular Mg2+ clearly increases in proliferating β-cells in absence of TRPM7.
Therefore the conclusions on Mg2+ influx and proliferation of β-cells do not match the data in the
revised manuscript.

7) In the end, the authors hypothesize an unexpected mechanism, citing the work of Jin et al.,
2008, in which “TRPM7 may also influence pancreatic development through maintenance of a
pluripotent stem cell population by controlling expression of OCT4, NANOG, and STAT3 similarly to
thymocytes.” However, the cited paper, which focuses mainly on TRPM7 role in thymic
development, only shows that TRPM7 is expressed in embryonic stem cells. There is no evidence for
stem cells in the developing pancreas.
The authors removed this part from the manuscript.

Second revision 

Author response to reviewers' comments 

Editor comments: 
The overall evaluation is positive, and we would like to publish a revised manuscript in 
Development. Before we can move forward you will need to address the remaining 
concerns/questions raised by Referee #3. I believe most of these can be handled by modifications 
to the text and figures, without further experimentation. Please attend to these as soon as you can 
and get the revised manuscript back to me.  

Dear Dr. Keller, 

We would like to thank you and reviewers for your time and effort in reviewing our manuscript. We 
appreciate the helpful feedback and assistance, in ensuring the highest quality publication possible. 
We have thoroughly addressed all comments from reviewer 3 and revised the manuscript 
accordingly. These suggestions and changes have strengthened and improved the manuscript; and 
we hope that it is now suitable for publication in Development. Please see responses to all 
comments below. 

Response to questions and concerns from Reviewer 3: 
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1) In Figure 1 there is a discrepancy between Insulin and Glucagon images (Fig. 1D,E) with their
respective quantifications (Fig. 1G-J). Please use more representative images. Additionally, E-
cadherin co-staining should be used for a more accurate quantification (exclude mesenchyme) of
the relative number on insulin+ and glucagon+ cells.
The authors replaced the old images with more representative ones. However, the lack of E-
cadherin staining does not permit an accurate relative (to the epithelium) quantification of relative
number of insulin+ and glucagon+ cells.

We thank the reviewer for bringing up this important point. Although we did not stain for E-
cadherin, our quantification of β-cell and α-cell numbers were substantiated with two independent 
approaches. Because these approaches did not include E-cadherin staining, we have addressed this 
concern by revising the manuscript text to reflect that the hormone positive measurements are not 
relative to pancreatic epithelium but rather to total pancreatic tissue. The two approaches that we 
utilized to quantify the relative number of islet cells have been previously established in the 
literature; these included: 1) assessment of insulin and glucagon positive cells to the total tissue 
area (dissected pancreatic tissue); a technique that has previously been detailed in the literature 
(for example, PMID: 28137793). 2) We also analyzed β-cell mass and α-cell mass by normalizing to 
pancreatic weight, which is the measurement suggested by reviewers 1 and 2; this measurement 
has also been detailed in the literature (for example, PMID: 22829579). We believe that these 
quantitative measurements have uncovered meaningful differences in islet cell populations and 
their mass due to pancreatic TRPM7 ablation.  

2) Figure 2 shows very effectively the lack of a phenotype in TRPM7KOEndo mice. However, the
conclusion that TRPM7 channel is critical for pancreatic progenitor proliferation, but not
differentiation, is not supported by data. While proliferation is a good candidate to explain the
mechanism, this should be experimentally demonstrated.
The authors removed from text the unsupported conclusion. However, they did not provide any new
information on a hypothetic role of TRPM7 on pancreatic progenitor proliferation or differentiation.

The reviewer makes an excellent point. We have addressed this concern by adding a potential role 
for TRPM7 during pancreatic progenitor proliferation in the discussion. The revised text now reads: 

“TRPM7 control of Mg2+ plays a critical role in zebrafish pancreatic development and may also 
impact endocrine development. Indeed, the role of TRPM7 in endocrine cell development is 
striking, as TRPM7 KO in pancreatic progenitors resulted in a greater than 60% reduction of β- and 
α-cell mass (Fig.1H,J). During early pancreatic development there is a large expansion of the 
multipotent progenitor cells, which are critical determinants of adult pancreatic size (Stanger et 
al., 2007). Thus, TRPM7 may regulate the pool size of pancreatic progenitors, presumably through 
Mg2+ homeostasis that potentially regulates proliferation. Indeed, pancreatic development in 
TRPM7 KD zebrafish is rescued by Mg2+ supplementation (Yee et al., 2011). Therefore, future 
studies are needed to determine how Mg2+ alters pancreatic progenitor function as well as 
proliferation and if this is altered under conditions of aberrant Mg2+ handling during gestation.” 

3) In Figure 3D, it is shown that both WT and TRPM7KOINSβ mice develop glucose intolerance when
placed in HFD, but that this is more visible in the KO. However, the two main time points of this
glucose tolerance test (GTT) display an insignificant difference between WT and KO mice. Only
when measuring the area under the curve (AUC), which neglects the variability of the single time
points, this difference becomes significant. In this case, the authors should either increase the time
point number of the GTT to strengthen their data, or state that this is a tendency, rather than a
significant variation.
The authors acknowledged that the difference that was reported in the first version is not
significant.

We thank the reviewer for this helpful suggestion and believe that the associated revisions resulted 
in a strengthened manuscript.  

4) Figure 3E shows that on HFD β-cell proliferation in islets is reduced in TRPM7KOINSβ mice. The
authors
conclude that the associated glucose intolerance (Figure 3D) is caused in part by the reduced β-cell
proliferation. This conclusion needs to be backed up with data, which is currently lacking.
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The authors acknowledge that there is no difference in glucose intolerance between TRPM7KOINSβ 
and WT mice, and have therefore removed this unsupported conclusion from the manuscript. 

We thank the reviewer for this helpful suggestion and believe that the associated revisions resulted 
in a strengthened manuscript.  

5) Glucose-stimulated calcium influx was higher in WT than in TRPM7 KO islets, while the opposite 
was observed for GSIS. Please comment on these contradictory findings.
The authors included some potential mechanisms in the discussion, but did not perform any further 
investigation on this part, as they said this goes beyond the scope of the manuscript.

We thank the reviewer for this helpful suggestion and believe that the associated revisions resulted 
in a strengthened manuscript. 

6) The last two pages contain a long discussion, in which many papers are cited, speculating, 
without any supporting data, on mechanisms linking TRPM7, Mg2+ and proliferation. Previous work 
has led to the consensus that TRPM7-mediated Mg2+ influx promotes proliferation. Unexpectedly, 
TRPM7-deficiency leads to increased Mg2+ levels in beta cells under physiological conditions. 
Unfortunately, the authors do not measure Mg2+ concentrations and proliferation in the same beta 
cell population. Beta cell proliferation was only measured during HFD. To establish whether the 
role of TRPM7 in Mg2+ transport and cell proliferation works in a different manner in the beta cells 
the authors must simultaneously measure Mg2+ and proliferation in beta cells under physiological 
conditions.
The authors provided new data linking HFD-induced proliferation of β-cells and increase of 
intracellular Mg2+.
The authors conclude that TRPM7 enhances Mg2+ influx in β-cells during proliferation and that 
intracellular Mg2+ promotes β-cell proliferation. These data are not correctly interpreted as 
intracellular Mg2+ clearly increases in proliferating β-cells in absence of TRPM7. Therefore, the 
conclusions on Mg2+ influx and proliferation of β-cells do not match the data in the revised 
manuscript.

We appreciate the reviewer’s helpful suggestion and have revised the analysis and conclusions on 
Mg2+ handling during β-cell proliferation. We went back over all the Mg2+ data and reanalyzed the 
epifluorescence imaging experiments that were utilized to assess Mg2+ handling. During this 
analysis we noticed that β-cells within large islet cell clusters showed variable Mg2+ levels due to 
the contamination of the mag-fura-2 signal from cells either on top of or adjacent to the β-cells 
being analyzed. Therefore, we have now specifically analyzed the intracellular Mg2+ data in single 
β-cells (Fig.4C,D). Furthermore, we have now included analysis of the magnitude change in mag-
fura-2 fluorescence in proliferating vs non-proliferating β-cells (Fig.4F). The resulting analysis 
shows a greater fold change in Mg2+ elevation during proliferation for control β-cells when 
compared to TRPM7 deficient β-cells (Fig.4F). Importantly, this is the same trend identified in the 
original analysis, which is now included in supplemental data (Fig.S9). The text has been revised to 
account for these changes as follows:  

“Intracellular Mg2+ was elevated in non-proliferating TRPM7KOINSβ single β-cells and also in β-cells 
within clusters of islet cells (Fig.4C,D, S9AB). Proliferating β-cells from TRPM7KOINSβ and controls 
have significantly elevated intracellular Mg2+ when normalized to non-proliferating control cells 
(21.4±3.9% and 29.4±3.4% increase, Fig.4E, S9C). However, as the non-proliferating TRPM7KOINSβ 
β-cells had greater basal Mg2+, the associated magnitude of elevation in Mg2+ during proliferation 
was reduced in TRPM7KOINSβ compared to controls (48.5±17.9% decrease, Fig.4F), presumably due 
to loss of TRPM7. Furthermore, TRPM7 KO resulted in decreased β-cell proliferation (53.3±19.1% 
decrease, Fig.S9D), which is consistent with our pancreatic sections (Fig.3C). This suggests that 
TRPM7 limits non-proliferating β-cell Mg2+ levels; thus, during proliferation β-cells undergo a 
greater magnitude in elevation of intracellular Mg2+ when TRPM7 is active, which may promote 
proliferation.”  

“Importantly, there was a significantly greater magnitude in elevation of intracellular Mg2+ during 
β-cell proliferation with functional TRPM7 channels, which is likely due to TRPM7 limiting 
intracellular Mg2+ levels in non-proliferating β-cells. This suggests that TRPM7-mediated control of 
Mg2+ homeostasis could play a role in β-cell proliferation (Tani et al., 20 0 7).” 
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7) In the end, the authors hypothesize an unexpected mechanism, citing the work of Jin et al., 
2008, in which “TRPM7 may also influence pancreatic development through maintenance of a 
pluripotent stem cell population by controlling expression of OCT4, NANOG, and STAT3 similarly to 
thymocytes.” However, the cited paper, which focuses mainly on TRPM7 role in thymic 
development, only shows that TRPM7 is expressed in embryonic stem cells. There is no evidence for 
stem cells in the developing pancreas.  
The authors removed this part from the manuscript. 
 
We thank the reviewer for this helpful suggestion and believe that the associated revisions resulted 
in a strengthened manuscript. 
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