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1st Editorial Decision 14th Jun 2018

Thank you for the submission of your manuscript to EMBO Molecular Medicine. We have now
heard back from the three referees whom we asked to evaluate your manuscript.

As you will see from the reports below, while the referees all mention the interest and potential
clinical relevance of the study, they also agree that strengthening of the data to fully support the
conclusions will be necessary for publication in EMBO Molecular Medicine. Our cross-commenting
exercise helped in clarifying the most critical points to address during revision and we would
encourage you to focus on the following:

- Provide mechanistic explanation of the notch-glucose relationship in vitro (referees #1 and #2)

- Analyse the kinetics of endothelial notch signaling after glucose ingestion or insulin stimulation in
vivo (in wild-type and transgenic mice) to address the physiological significance and the direct role
of insulin (referees #1 and #2)

- Perform Evans Blue experiments in vivo to rule out permeability issues (referees #2 and #3)

- Better present/explain the data and put them into context, especially with your recently published
work (#1 and #3)

Addressing the above reviewers' concerns in full, and experimentally as needed, will be necessary
for further considering the manuscript in our journal. EMBO Molecular Medicine encourages a
single round of revision only and therefore, acceptance or rejection of the manuscript will depend on
the completeness of your responses included in the next, final version of the manuscript.

*Hdkx Reviewer's comments * %% *#

Referee #1 (Remarks for Author):

Summary:
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Jabs and colleagues investigate the role of endothelial Notch signaling on systemic glucose
metabolism. They describe that endothelial-restricted activation of Notch signaling decreases Insulin
sensitivity thereby leading to increased blood glucose levels. Inhibition of Notch (by deletion of the
common effector RBPj) causes opposite effects. As a mechanism of action, the authors propose that
Notch signaling controls caveolae-dependent transport of insulin to skeletal muscle. This
mechanism involves the transcriptional regulation of several caveolae genes, which are
downregulated by Notch signaling.

Comment:

The manuscript describes several interesting metabolic phenotypes in endothelial-specific Notch
gain- and loss-of-function mice, which suggest that endothelial Notch signalling plays a vital role in
glucose homeostasis. While these observations appear robust, the molecular mechanism underlying
these phenotypes is not convincing. As demonstrated, it remains unclear whether the Notch-
modulated trans-endothelial transport of insulin is indeed responsible for the reported metabolic
changes. Overall, the manuscript is still preliminary and fails to provide definitive evidence for the
proposed mechanism.

Other comments:

Figure 1 - The mechanism by which high glucose levels induce increased NICD1 levels and Notch
activity is not yet entirely apparent. The authors propose that a ROS-dependent activation of STAT3
leads enhanced Notch ligand expression, but the data supporting this model is weak or lacking.
More details on the kinetics of Notch regulation as well as on the proposed molecular pathway
would be necessary to understand the glucose-dependent modulation of Notch signaling.

Figure 2 - The metabolic data in Figure 2 are exciting and physiologically relevant. However, one
wonders how these effects of altered Notch signaling on glucose metabolism relate to the effects on
lipid metabolism recently described by the authors (Jabs et al., Circulation 2018).

The authors did not rule out that changes in endothelial Notch signaling alter the production of
insulin or other hormonal regulators of glucose metabolism. Inhibition of Notch might lead to
vascular alterations in the pancreas or liver, which might impact glucose levels.

The effects of Notch activation or inhibition of Insulin transport are an interesting observation.
However, the effects appear relatively small, which makes one wonder whether this mechanism can
account for the changes in blood glucose levels observed in vivo. The same accounts for the
regulation of caveolae proteins, which are only mildly affected.

Does knockdown of the caveolar proteins regulated by Notch signaling suffice to impair insulin
transport across the endothelium (in vitro)?

Figure 5a,b,e - The expression of the dnMAMLI1 and Notch1 ICD proteins needs to be shown.

Referee #3 (Remarks for Author):

This is an interesting study that elucidates the effect of Notch on endothelial transport of insulin. By
using genetic mouse models, the authors demonstrate that activation of Notch reduces the sensitivity
to insulin, whereas inhibition of Notch had the opposing effect. The authors also provide
mechanistic insights into the pathways that are regulated by Notch to control insulin transport. The
study is well performed and reports an interesting finding.

Major concern

The study overalll is well performed, but more efforts should be invested to exclude unspecific
effects of Notch on permeability. This is important, since Notch is a powerful EC regulator and
changing the barrier function by toxic effects would confound the experiments. Thus, more control
experiments such as staining for VE-cadherin to showing the integrity of the monolayer and assess
TEER in the in vitro studies are essential.
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Referee #4 (Remarks for Author):

The study by Jabs et al. investigates the relationship of Notch signaling, insulin and metabolic
homeostasis. In essence they show that Notch signaling inhibits the transendothelial transport of
insulin by a repressive transcriptional effect on caveolin proteins. They show in loss- and gain-of-
function mouse models that Notch signaling affects insulin action in vivo, both at baseline in lean
mice and under obesity-conditions. This exciting finding indicates that manipulation of the Notch
pathway may have therapeutic potential for insulin resistance/diabetes. The results are novel and the
experiments are well performed but there still weaknesses in this manuscript as outlined below.

Major concerns

1. Insulin action takes place within minutes after release from beta cells. In this study it remains
unclear how the results obtained under chronic manipulation of Notch signaling are related to acute
physiological changes in insulin levels in fasting and feeding cycles. The results in genetic obesity
are interesting but remain anecdotal. How is Notch signaling in endothelial cells regulated after
feeding? How does that impact Caveolae formation (timing from transcription to negative effect on
insulin signaling)? Is this different for tissues like heart/skeletal muscle, white/brown adipose tissue
etc. especially because these tissues vary greatly in their contribution to systemic metabolism? The
paper is missing a strong foundation here.

2. The mechanistic Figure 1 is potentially relevant but in the end the panels are only loosely
connected. The db/db mouse model has many more metabolic derangements other than just
hyperglycemia and hyperinsulinemia so the findings are in line but do not really corroborate the
conclusion. In the cells, how is glucose linked to Notch signaling? Where are the natural Notch
ligands coming from? The conclusion that ROS-Stat3 signaling is involved is premature and should
be more carefully explored for a more solid foundation of the study, particularly the potential link
between glucose uptake, Stat3 activation and Notch signaling.

3. More generally, the interpretation that Notch activation by glucose is a feedback inhibition of
insulin transport is interesting but some clarification regarding whether this has actually physiologic
significance under more dynamic circumstances would be supportive.

Minor points

4. In general, in some panels, immunoblot quantifications are shown without the images (e.g. Fig.
3f,g) and in some the images are shown without quantification (e.g. Fig. 1b, Fig. Sa etc.). |
recommend that all blots are quantified, uncropped images are included as supplementary material
and that the authors indicate how many times the blots were performed.

5. Some expert readers will be judgmental about the absence of hyperinsulinemic-euglycemic clamp
studies. While I certainly think they would be helpful here, also for assessing tissue-specific effects
and glucose uptake, I recommend that the authors always show both glucose tolerance test (GTT) as
well as insulin tolerance tests (ITT), as currently in Fig. 2 there are only ITTs and in Fig. 6 there are
only GTTs shown. My personal opinion is that ITTs should not be shown as percentage of 0 min but
rather as absolute plasma glucose concentrations. Also, fasting as well as fed (e.g. during GTT)
plasma insulin levels are required for all in vivo studies.

6. I recommend that also the raw data for experiments, for which quantifications are shown, are
included in the paper (e.g. Fig 4c the actual images).

7. For the inducible KO models, some quality control measures like endothelial mRNA or protein
expression of the deleted protein of interest should be included as well.

8. In Fig. 3b for example the error bar is missing. For fold calculations, the error is STD/SEM
divided by mean/average multiplied by fold.

9. The authors say there is no effect on barrier function but at least actually testing this, also in light
of the recent JCI paper by Williams et al. 2018 is recommended (e.g. by Evans Blue injections)
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10. In experiment Fig. 3d the result with Filipin is difficult to interpret because the control condition
of no dnMAML1 with Filipin treatment is missing.

11. For the immunofluorescence pictures I recommend showing the individual channels in black and
white for better visibility and interpretation.

12. If the authors have Notch-manipulating tools like antibodies in hand, it would be great to add
some "medicine" to the paper like treating diet-induced mice with Notch-manipulating agents and
look at insulin action/insulin resistance.

13. Given that the authors have observed significant metabolic changes in the mouse models used in
this study (Jabs et al Circulation 2018), the obvious question is how do these studies relate to each
other?

1st Revision - authors' response 31st May 2019

Please see next page.
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Referee #1:

The manuscript describes several interesting metabolic phenotypes in endothelial-
specific Notch gain- and loss-of-function mice, which suggest that endothelial Notch
signaling plays a vital role in glucose homeostasis. While these observations appear
robust, the molecular mechanism underlying these phenotypes is not convincing. As
demonstrated, it remains unclear whether the Notch-modulated trans-endothelial
transport of insulin is indeed responsible for the reported metabolic changes. Overall,
the manuscript is still preliminary and fails to provide definitive evidence for the
proposed mechanism.

We thank the reviewer for the positive evaluation of our work. The comments helped us to
improve the manuscript extensively. We have substantially revised the manuscript and we
have re-written several parts to streamline it and to explain the proposed mechanism better.

To address the concern regarding the mechanism: we alter Notch signaling activity in all
endothelial cells and therefore it is of course not possible to nail down a systemic phenotype
to one single mechanism in one single organ. Here we have focused on muscle. The data
clearly indicate that loss of endothelial Notch leads to an enhanced insulin sensitivity. This is
based on measuring glucose and insulin at basal rates (both are decreased) as well as
classical insulin and glucose tolerance tests. As also outlined below, this is very unlikely to
be an insulin production problem, as in this case, one would expect low insulin but high
plasma glucose. Furthermore, the experiment that measures pAKT in muscles upon i.v.
insulin injection shows higher phosphorylation of AKT, indicating a faster and/or increased
insulin transport across the vessel wall to muscle cells. This might be due to increased
transendothelial transport or increased permeability. We have addressed both the
possibilities below.

Transendothelial insulin transport via caveolae is well described in particular in muscle
tissue. In other organs, there are different ways to shuttle insulin across the vessel wall. For
example in liver, the sinusoidal endothelium provides gaps for free diffusion of insulin
towards hepatocytes. In our study, both the cell culture models and the data obtained from
mouse tissues show that upon loss of endothelial Notch signaling there are high expression
rates of genes critically involved in caveolae formation, high numbers of caveolae in
endothelial cells, as well as better insulin uptake into endothelial cells.

Regarding permeability and perfusion, we could show in our previous work (Wieland et al.,
Cancer Cell 2017 and Jabs et al., Circulation 2018) that manipulation of endothelial Notch
signaling increases permeability in endothelial cell culture transwell models. However, in vivo
we did not observe any signs of vascular leakage. In addition, tracer studies, even in severe
inflammation models, did not show an increase in vessel permeability. Actually, we observed
a slight decrease in tracer flux (please refer to some of the published data sets below). As
such, our proposed model of increased insulin flux across the vessel wall to muscle cells due
to altered caveolae formation is the most likely mechanism for the observed effects.

In addition, we had previously observed that the heart consumes more glucose upon
endothelial Notch deletion as a compensatory mechanism because of impaired fatty acid
transport. This may contribute to the lowered basal glucose levels. Nevertheless, the GTT
and ITT data in conjunction with the increased pAKT in skeletal muscle argue for enhanced
insulin transport also in skeletal muscle.

Lastly, we would like to mention that published mouse models of caveolin-1 knockout
interfering with caveolae formation and expression of caveolin genes nicely fit to our study.



Other comments:

Figure 1 - The mechanism by which high glucose levels induce increased NICD1 levels
and Notch activity is not yet entirely apparent. The authors propose that a ROS-
dependent activation of STAT3 leads enhanced Notch ligand expression, but the data
supporting this model is weak or lacking. More details on the kinetics of Notch
regulation as well as on the proposed molecular pathway would be necessary to
understand the glucose-dependent modulation of Notch signaling.

We performed extensive additional experiments to address this issue further. Several groups
have reported activation of Notch signaling (based on transcriptional profile of Notch
components and target genes) under high glucose conditions in vitro. We found that this
effect could only be (partially) confirmed when glucose (5g/L) was added together with fresh
media (see panels below). However, adding glucose directly to the medium of primary
human macro and microvascular endothelial cells (HUVECs, HDMECSs) as well as mouse
cardiac endothelial cells (MCECSs) did not lead to robust Notch induction in particular when
the cleavage rate of Notchl was determined. We performed these experiments using various
control conditions including low glucose (1g/L) combined with Mannitol for comparable
osmolarity and L-Glucose (non-metabolizable, 5g/L).
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It is most likely that the very strong induction rate initially observed is due to factors in cell
culture medium such as BMP9 that strongly activate Hes and Hey gene transcription in a



Notch independent manner. We have reported this effect in our previous study (Wdltje et al.,
PL0oS One 2015 Mar 23;10(3):e0120547).

Nevertheless, in endothelial cells derived from obese db/db mice there was increased Notch
signaling activity (Fig. 1A). This is similar to increased Notch activity observed in retinal
endothelial cells in a Streptozotocin mouse model of type | diabetes mellitus (Miloudi et al.,
PNAS 2019). However, fasting-feeding cycles were not sufficient to induce endothelial Notch
signaling activity significantly (Fig. 1B). Therefore, it appears very likely that only a chronic
disturbance in metabolism as seen in obesity or severe type | diabetes robustly induces
Notch signaling activity in endothelial cells. Therefore, our genetic model resembles the
effect of chronically disturbed metabolism and not the physiological metabolic changes that
occur frequently every day.

Figure 2 - The metabolic data in Figure 2 are exciting and physiologically relevant.
However, one wonders how these effects of altered Notch signaling on glucose
metabolism relate to the effects on lipid metabolism recently described by the authors
(Jabs et al., Circulation 2018).

The metabolic data are now shown in the new Figures 1 and 2. We have now added a
paragraph in the Discussion to better relate our results to the changes in glucose and lipid
metabolism described by us recently (Jabs et al., Circulation 2018). As outlined above, the
increased glucose uptake into cardiomyocytes might contribute to the lowered blood glucose
in endothelial cell-specific Rbpj-deficient mice. However, the enhanced insulin transport
across the endothelium with subsequent increased glucose uptake and consumption is most
likely an important mechanism why the heart takes up more glucose and that this is not only
due to compensation because of impaired fatty acid transport.

Combining data from this manuscript and our previously published work (Jabs et al.,
Circulation 2018), we can conclude that Notch signaling plays a role in balancing fatty acid
uptake and glucose metabolism under physiological conditions.

The authors did not rule out that changes in endothelial Notch signaling alter the
production of insulin or other hormonal regulators of glucose metabolism. Inhibition
of Notch might lead to vascular alterations in the pancreas or liver, which might
impact glucose levels.

Following the reviewer’s advice, we performed stainings on pancreas section for both Notch
loss of function and gain of function mice. We did not detect any significant differences in
vessel area and pancreatic islet area in NICD©E¢ mice (Fig EV1F-I). We also did not detect
any changes in pancreatic islet area in Rbpj“E¢ mice. We did however observe an increase
in vessel area in Rbpj2E¢ mice (Fig EV2B-E). This is similar to what we had observed in
muscle tissue (Jabs et al., Circulation 2018) and indicates once more that endothelial Notch
signaling is needed throughout adulthood to inhibit new blood vessel growth. However, as
described in our previous study we did not see any increase in vessel permeability (see
panels below from Supplementary Fig. 3, Jabs et al., Circulation 2018).
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The effects of Notch activation or inhibition of Insulin transport are an interesting
observation. However, the effects appear relatively small, which makes one wonder
whether this mechanism can account for the changes in blood glucose levels
observed in vivo. The same accounts for the regulation of caveolae proteins, which
are only mildly affected. Does knockdown of the caveolar proteins regulated by Notch
signaling suffice to impair insulin transport across the endothelium (in vitro)?

We did perform Cavl knock-down in transwell assays (Fig 4A-D) to investigate insulin
transport across endothelial monolayer to muscle cells. Indeed, Cavl knockdown in ECs was
sufficient to impair insulin transport. As our model reflects chronic changes in metabolism
followed by chronic changes in Notch signaling activity, such rather small changes in
caveolar proteins and caveolae number would still accumulate to strong changes over longer
time periods.

The slight decrease of Cavl might indeed impair insulin transport in a much stronger manner
compared to a complete loss of Cavl as this scenario opens paracellular junctions and
increases permeability (Wang et al., AJEPM 2011 and Schubert et al., JBC 2002).

Figure 5a,b,e - The expression of the dnMAML1 and Notchl ICD proteins needs to be
shown.

These constructs are well-established tools in our laboratory, which have been published in
previous papers by many laboratories. Since the constructs are fragments of the
endogenous proteins (the short dominant-negative version of MAML1), we cannot show the
expression on the protein level, as the antibodies cannot detect the remaining protein
fragment. However, we now provide data showing that the constructs regulate Notch target
gene expression on the mRNA level as expected (Fig EV3B).

Referee #3:

This is an interesting study that elucidates the effect of Notch on endothelial transport
of insulin. By using genetic mouse models, the authors demonstrate that activation of
Notch reduces the sensitivity to insulin, whereas inhibition of Notch had the opposing
effect. The authors also provide mechanistic insights into the pathways that are
regulated by Notch to control insulin transport. The study is well performed and
reports an interesting finding.

We thank the reviewer for the positive evaluation of our work. The comments helped us to
improve the manuscript substantially.



Major concern:

The study overall is well performed, but more efforts should be invested to exclude
unspecific effects of Notch on permeability. This is important, since Notch is a
powerful EC regulator and changing the barrier function by toxic effects would
confound the experiments. Thus, more control experiments such as staining for VE-
cadherin to showing the integrity of the monolayer and assess TEER in the in vitro
studies are essential.

We completely agree with the reviewer's concern. We have shown in our previous works
(Wieland et al.,, Cancer Cell 2017 and Jabs et al., Circulation 2018) that manipulation of
endothelial Notch signaling increases permeability in endothelial cell culture transwell
models. As the reviewer suggested, we had already determined VE-Cadherin (impaired
expression at cell-cell contacts) and TEER (see below). Keeping these results in mind, we
have not included any in vitro data in the revised manuscript regarding transendothelial
insulin flux. Now, we only show the cellular uptake of insulin (Fig 3A, B).

Importantly, we did not observe any signs of vascular leakage in vivo. In addition, tracer
studies, even in severe inflammation models, did not show an increase in vessel
permeability. Actually, we observed a slight decrease in tracer flux (please refer to some of
the published data sets below). As such, our proposed model of increased insulin flux across
the vessel wall to muscle cells due to altered caveolae formation is the most likely
mechanism for the observed effects.

Figure 5G and H from Wieland et al., Cancer Cell 2017
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Supplementary Fig 3 from Jabs et al., Circulation 2018

Loss of Notch signaling increases permeability of endothelial in vitro but not in vivo.
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Referee #4:

The study by Jabs et al. investigates the relationship of Notch signaling, insulin and
metabolic homeostasis. In essence they show that Notch signaling inhibits the
transendothelial transport of insulin by a repressive transcriptional effect on caveolin
proteins. They show in loss- and gain-of-function mouse models that Notch signaling
affects insulin action in vivo, both at baseline in lean mice and under obesity-
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conditions. This exciting finding indicates that manipulation of the Notch pathway may
have therapeutic potential for insulin resistance/diabetes. The results are novel and
the experiments are well performed but there still weaknesses in this manuscript as
outlined below.

We thank the reviewer for the positive evaluation of our work. The comments helped us to
improve the manuscript substantially.

Major concerns

1. Insulin action takes place within minutes after release from beta cells. In this study
it remains unclear how the results obtained under chronic manipulation of Notch
signaling are related to acute physiological changes in insulin levels in fasting and
feeding cycles. The results in genetic obesity are interesting but remain anecdotal.
How is Notch signaling in endothelial cells regulated after feeding?

To distinguish between a chronic and acute response to alterations in plasma metabolites,
we analyzed Notch targets in primary ECs freshly isolated from hearts of fasted and refed
mice. We observed no significant differences in Notch target gene expression in ECs from
mice fasted overnight when compared to ECs from mice, which were refed after fasting (Fig
1B). However, chronic changes in plasma metabolites such as during the course of obesity in
db/db mice increased Notch signaling in endothelial cells (Fig. 1A). Therefore, our mouse
models with chronically increased or decreased endothelial Notch signaling fit nicely to this
situation.

How does that impact Caveolae formation (timing from transcription to negative effect
on insulin signaling).

Since the feeding/fasting experiment did not show an effect on Notch signaling we also do
not expect an effect on caveolae formation in this rather short time point. As outlined above,
this study addresses a long-term change of endothelial Notch signaling activity as e.g. seen
in obese mice. After gene recombination, it takes approximately four weeks to observe
significant changes in blood glucose levels.

Is this different for tissues like heart/skeletal muscle, white/brown adipose tissue etc.
especially because these tissues vary greatly in their contribution to systemic
metabolism? The paper is missing a strong foundation here.

This is a very interesting question. This manuscript addresses only heart and skeletal
muscle. The literature indicates that insulin transport differs substantially between organs.
Analysis of other major regulatory organs (brain, liver, WAT, BAT) goes far beyond the scope
of this manuscript. We are currently addressing some of these questions and it has become
apparent that the consequence of endothelial Notch signaling is strictly organ-specific.

2. The mechanistic Figure 1 is potentially relevant but in the end the panels are only
loosely connected. The db/db mouse model has many more metabolic derangements
other than just hyperglycemia and hyperinsulinemia so the findings are in line but do
not really corroborate the conclusion. In the cells, how is glucose linked to Notch
signaling? Where are the natural Notch ligands coming from? The conclusion that
ROS-Stat3 signaling is involved is premature and should be more carefully explored
for a more solid foundation of the study, particularly the potential link between
glucose uptake, Stat3 activation and Notch signaling.



We agree that db/db mice have a large repertoire of metabolic alterations. We have
discussed this now in the revised manuscript. Regarding the link between high glucose and
Notch we performed extensive additional experiments to address this issue. Several groups
have reported activation of Notch signaling (based on transcriptional profile of Notch
components and target genes) under high glucose conditions in vitro. We found that this
effect could only be (partially) confirmed when glucose (5g/L) was added together with fresh
media (see panels below). However, adding glucose directly to the medium of primary
human macro and microvascular endothelial cells (HUVECs, HDMECSs) as well as mouse
cardiac endothelial cells (MCECSs) did not lead to robust Notch induction in particular when
the cleavage rate of Notchl was determined. We performed these experiments using various
control conditions including low glucose (1g/L) combined with Mannitol for comparable
osmolarity and L-Glucose (5g/L). Therefore, more sophisticated downstream analysis of e.g.
Stat3 did not make sense anymore.
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It is most likely that the very strong induction rate initially observed is due to factors in cell
culture medium such as BMP9 that strongly activates Hes and Hey gene transcription in a
Notch independent manner. We have reported this effect in our previous study (Wodltje et al.,
PL0S One 2015 Mar 23;10(3):e0120547.).

Nevertheless, in endothelial cells derived from obese db/db mice there was increased Notch
signaling activity (Fig. 1A). This is similar to increased Notch activity observed in retinal
endothelial cells in Streptozotocin mouse model of type | diabetes mellitus (Miloudi et al.,
PNAS 2019). However, fasting-feeding cycles were not sufficient to induce endothelial Notch
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signaling activity significantly (Fig. 1B). Therefore, it appears very likely that only a chronic
disturbance in metabolism as seen in obesity or type | diabetes robustly induces Notch
signaling activity in endothelial cells. Therefore, our genetic model resembles the effect of
chronically disturbed metabolism and not the physiological metabolic changes that occur
frequently every day.

Regarding the natural source of Notch ligand, we saw an increase of both Notch ligands
Jagl and DIl4 in endothelial cells from db/db mice. In the resting endothelium, the general
notion is that Notch signaling occurs at cell-cell contacts within the endothelium.

3. More generally, the interpretation that Notch activation by glucose is a feedback
inhibition of insulin transport is interesting but some clarification regarding whether
this has actually physiologic significance under more dynamic circumstances would
be supportive.

As outlined in the answer to question 1 we see the induction of Notch due to a chronic
stimulation during the course of obesity. This would subsequently contribute to insulin
resistance. As such, the manuscript is not addressing a physiological response mechanism
but rather a mechanism that contributes to disease progression.

Minor points

4. In general, in some panels, immunoblot quantifications are shown without the
images (e.g. Fig. 3f, g) and in some the images are shown without quantification (e.g.
Fig. 1b, Fig. 5a etc.). | recommend that all blots are quantified, uncropped images are
included as supplementary material and that the authors indicate how many times the
blots were performed.

We have quantified all the western blots in the manuscript and included the quantifications in
the figures. Furthermore, we have provided original blots in the source data set.

5. Some expert readers will be judgmental about the absence of hyperinsulinemic-
euglycemic clamp studies. While | certainly think they would be helpful here, also for
assessing tissue-specific effects and glucose uptake, | recommend that the authors
always show both glucose tolerance test (GTT) as well as insulin tolerance tests (ITT),
as currently in Fig. 2 there are only ITTs and in Fig. 6 there are only GTTs shown.

We have now included GTTs to the ITTs for both NICD°EC mice and Rbpj“E¢ mice (Fig 1
and 2). Unfortunately, we could not repeat the ITTs for the high fat diet experiment as it
would require repeating the experiments for which we would require additional clearance
from the Animal Ethics Committee.

My personal opinion is that ITTs should not be shown as percentage of 0 min but
rather as absolute plasma glucose concentrations.

We have amended this.

Also, fasting as well as fed (e.g. during GTT) plasma insulin levels are required for all
in vivo studies.

Since, this is not a standard practice we did not measure plasma insulin levels. In addition,
our protocol approved by the Animal Ethics Committee does not allow taking large quantities
of blood to measure both.

6. | recommend that also the raw data for experiments, for which quantifications are
shown, are included in the paper (e.g. Fig 4c the actual images).

We have included the images for the proximity ligation assay. In addition, we have changed
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the data presentation whenever possible, so we now show the real data points throughout all
figures.

7. For the inducible KO models, some quality control measures like endothelial mMRNA
or protein expression of the deleted protein of interest should be included as well.

These animal models are very well established in the field and had been validated in our
previous study (see panel below). Furthermore, as a standard lab practice we always
perform PCRs to check for gene recombination on all animals used in experiments.

Supplementary Fig 1 from Jabs et al., Circulation 2018

Endothelial-specific ablation of Rbpj-k in adult mice.
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8. In Fig. 3b for example the error bar is missing. For fold calculations, the error is
STD/SEM divided by mean/average multiplied by fold.

The manuscript does not contain the Fig. 3b anymore as the revised manuscript does not
contain any transwell assays with Notch manipulation due to permeability issues. For all
other figures, data points and error bars are shown.

9. The authors say there is no effect on barrier function but at least actually testing
this, also in light of the recent JCI paper by Williams et al. 2018 is recommended (e.g.
by Evans Blue injections)

We completely agree with the reviewer's concern. We have shown in our previous works
(Wieland et al., Cancer Cell 2017 and Jabs et al., Circulation 2018) that manipulation of
endothelial Notch signaling increases permeability in endothelial cell culture transwell models
(see below). Keeping these results in mind, we have not included any in vitro data in the
revised manuscript regarding transendothelial insulin flux. Now, we only show the cellular
uptake of insulin (Fig 2A, B).

However, we did not observe any signs of vascular leakage in vivo. In addition, tracer
studies, even in severe inflammation models, did not show an increase in vessel
permeability, actually, we observed a slight decrease in tracer flux (please refer to some of
the published data sets below). As such, our proposed model of increased insulin flux across
the vessel wall to muscle cells due to altered caveolae formation is the most likely
mechanism for the observed effects.
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Figure 5G and H from Wieland et al., Cancer Cell 2017
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Supplementary Fig 3 from Jabs et al., Circulation 2018

Loss of Notch signaling increases permeability of endothelial in vitro but not in vivo.
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10. In experiment Fig. 3d the result with Filipin is difficult to interpret because the
control condition of no dnMAML1 with Filipin treatment is missing.

This experiment is not included in the manuscript anymore as the changes in permeability
upon Notch manipulation in vitro might affect paracellular insulin flux. Instead, we only show
insulin uptake in endothelial cells upon Notch manipulation (Fig. 3A, B)

11. For the immunofluorescence pictures | recommend showing the individual
channels in black and white for better visibility and interpretation.

We have improved all immunofluorescence pictures to better show anatomical structures and
co-localization of proteins using the classical red/green/yellow approach.

12. If the authors have Notch-manipulating tools like antibodies in hand, it would be
great to add some "medicine" to the paper like treating diet-induced mice with Notch-
manipulating agents and look at insulin action/insulin resistance.

This is an excellent suggestion. Unfortunately, we could not receive an MTA with a pharma
company to do such experiments.

13. Given that the authors have observed significant metabolic changes in the mouse
models used in this study (Jabs et al Circulation 2018), the obvious question is how
do these studies relate to each other?

The metabolic data are now shown in the new Figures 1 and 2. We have now added a
paragraph in the Discussion to better relate our results to the changes in glucose and lipid
metabolism described by us recently (Jabs et al., Circulation 2018). As outlined above, the
increased glucose uptake into cardiomyocytes might contribute to the lowered blood glucose
in endothelial cell-specific Rbpj-deficient mice. However, the enhanced insulin transport
across the endothelium with subsequent increased glucose uptake and consumption is most
likely an important mechanism why the heart takes up more glucose and that this is not only
due to compensation because of impaired fatty acid transport.

Combining data from this manuscript and our previously published work (Jabs et al.,
Circulation 2018), we can conclude that Notch signaling plays a role in balancing fatty acid
uptake and glucose metabolism under physiological conditions.
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EMBO Molecular Medicine - Peer Review Process File

2nd Editorial Decision 4th Jul 2019

Thank you for the resubmission of your manuscript to EMBO Molecular Medicine, and please
accept my apologies for the delay in getting back to you, which is due to the fact that one referee
needed more time to complete his/her review. We have now received feedback from the three
experts who had initially reviewed the first version of your manuscript. As you will see from the
reports below, while referee #3 is satisfied with the revisions and supports publication of the
manuscript, referee #1 and #4 still have serious concerns, particularly regarding the reported
mechanism that needs to be further strengthened.

As EMBO Press encourages a single round of revisions only, and given the referees' remaining
concerns, we would normally reject the manuscript at this stage. However, we decided to
exceptionally allow a second round of revisions. Please be aware that this will be the last chance for
you to address all the points raised by the referees, and that acceptance or rejection of the
manuscript will depend on the completeness of your responses included in the next, final version of
the manuscript. For this reason, and to save you from any frustrations in the end, I would strongly
advise against returning an incomplete revision.

*FxEE Reviewer's comments *#% 4%
Referee #1 (Remarks for Author):

Jabs and colleagues have resubmitted a revised version of their manuscript "Endothelial Notch
signaling controls insulin transport in muscle" that contains further clarifications, new experiments,
and data. These new additions address some of my previous concerns, while others remain.
Although the manuscript describes interesting observations, it still lacks rigor and experimental
consistency

1. It is still not clear whether endothelial Notch signaling directly regulates insulin transport through
the endothelium. The authors use several approaches to try to make this point. However, all of them
are indirect in nature and do not provide unambiguous evidence for the proposed mechanism. For
instance, Akt phosphorylation, which the authors use as a readout for insulin transfer through the
endothelium, is not specific for insulin and could be the result of many any signaling events.
Measuring AKT phosphorylation in muscle lysate is even less, and it remains unclear which
conclusions can be made from these experiments. As a minimum, the authors should try to measure
insulin transport in cultured endothelial cells. Co-culture studies with labeled insulin should be able
to make this point.

2. The authors are inconsistent with the use of their models, and they jump back and forth between
analyzed tissues (e.g. heart, lung, skeletal muscle) and ways to alter Notch signaling (e.g. D114,
dnMAML, NICD). To make a convincing case for the proposed mechanism, they should make a
thorough effort to focus their analyses on skeletal muscle using consistent tools.

3. The authors provide some data that suggest that overall pancreas function is not affected;
however, they did not exclude other relevant perturbations. For instance, Notch inhibition is known
to cause liver pathology (e.g. Yan et al. Nature 2006), which might affect general glucose
homeostasis. Excluding major changes in liver function, thus, appears mandatory.

4. The mechanism by which endothelial Notch signaling regulates the expression of the caveolar
proteins is still unclear. To make a more convincing case, the authors should assess whether CAV1,
CAV2, and CAVINI are direct Notch target gene.

5. Figure 3C: The authors should provide the unphosphorylated AKT immunoblot as a control.
Same accounts for Figure 3E.

6. Figure 5B: The levels of NICD overexpression need to be shown.
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Referee #3 (Remarks for Author):

The authors adequately addressed my concerns.

Referee #4 (Comments on Novelty/Model System for Author):

The performed experiments are well done. The results are novel. The authors show that
manipulation of their pathway impacts metabolic health in obesity mouse models.

Referee #4 (Remarks for Author):

The revised version by Jabs et al. has significantly improved. The data are now presented in the
appropriate way and the quality of the study is greatly enhanced. However, two critical major
questions still remain completely unaddressed in the revised version:

Major concerns:

1. Still, there is not a single figure in the paper showing a difference in muscle glucose uptake
(neither was insulin uptake itself measured), which would ultimately proof the concept that it is
actually insulin-stimulated glucose uptake into muscle that is underlying or at least contributing to
the phenotype of the transgenic animals with manipulation of Notch signaling. The in vitro data on
caveolin and insulin receptor are very nice, but we don't know whether there are differences in
insulin receptor availability in muscle/myocytes actually translating into glucose uptake in vivo. The
authors show insulin signaling in muscle and liver but not in other tissues, where insulin needs to
cross the barrier. Still, it is possible that the phenotype in vivo is independent of muscle insulin
action and muscle glucose uptake and there is a lot of faith required to acknowledge the concept as
suggested. Ideally, as I mentioned before, this should be confirmed by clamp studies, in which
radiolabeled tracers are used to follow the fate of glucose into the respective tissues. Alternatively, a
glucose tolerance test (the authors only assume that postprandial insulin is higher but don't show that
- 0 and 10 min blood would be required for that), in which 14C-deoxyglucose or other tracers are
mixed in, would allow to proof their concept. Higher postprandial insulin with lower glucose uptake
would prove their concept. Even if they find that this holds also true in other tissues like white or
brown fat etc. it would make the study stronger with a broader scope. I do not want to stress this, but
I want to mention that the islet phenotype calls for primary islet insulin release assays, as the
differences in vascularization might impact insulin secretion somehow. Showing the impact of
Notch signaling on in vivo glucose (insulin?) muscle uptake is imperative for this kind of metabolic
study, especially with the strong claims made here.

2. The paper claims that Notch signaling controls insulin action in muscle, yet there is no
physiological regulation of the Notch signaling with fasting and feeding and, therefore, the study
does not really have a physiological scope and now has a very different angle. One could argue that
Notch signaling constitutively inhibits insulin action through a repression of caveolae formation
(why are there no muscle ECs data in Figure 5?). This does not seem to be a developmental defect,
and this is an important finding by itself. The authors argue that in the db/db model, Notch signaling
is enhanced (Why do the authors show lung ECs, and not muscle ECs - in the context of my point #1
brings me back to the question of how much muscle is in the in vivo phenotype or is this systemic -
heart we apparently know already...), which might contribute to the insulin resistance in this model
somehow. They also show that in the HFD model, inducible deletion of Notch signalling improves
glucose tolerance independently of body weight (Fig. 6), which is a very strong experiment and the
findings are really exciting. Altogether, this gives this study a more pathophysiological obesity-
linked angle. However, there are two major complications (and the in vitro high glucose incubations
are not convincing): The db/db model a priori is a leptin signaling-deficient model so whether the
changes in EC Notch signaling are due to leptin deficiency or due to the metabolic disease in this
model cannot not be deduced and this finding remains anecdotal. Much better would be showing
muscle ECs from lean and HFD mice next to db/db and controls with some stronger readout than
qPCR - I think given that this study now has an obesity focus and the authors make very strong
claims based on very little data this is unacceptable. The other is that in the HFD inducible deletion
experiment, insulin levels are not shown, ITT was not performed, and muscle glucose uptake was
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not measured by any means. Altogether, this emphasizes that the authors are not experts in
metabolic experiments, but I think their basic concept, particularly as it seems to have some
therapeutic benefit for obesity-induced insulin resistance, is still very exciting.

2nd Revision - authors' response 3rd Feb 2020

Please see next page.

© European Molecular Biology Organization



Referee #1 (Remarks for Author):

Jabs and colleagues have resubmitted a revised version of their manuscript "Endothelial
Notch signaling controls insulin transport in muscle" that contains further clarifications,
new experiments, and data. These new additions address some of my previous concerns,
while others remain. Although the manuscript describes interesting observations, it still
lacks rigor and experimental consistency.

We thank the reviewer for the positive evaluation of our work. The comments helped us to improve
the manuscript extensively. We have substantially revised the manuscript according to the
reviewers’ comments.

1.1t is still not clear whether endothelial Notch signaling directly regulates insulin transport
through the endothelium. The authors use several approaches to try to make this point.
However, all of them are indirect in nature and do not provide unambiguous evidence for
the proposed mechanism. For instance, Akt phosphorylation, which the authors use as a
readout for insulin transfer through the endothelium, is not specific for insulin and could
be the result of many any signaling events. Measuring AKT phosphorylation in muscle
lysate is even less, and it remains unclear which conclusions can be made from these
experiments. As aminimum, the authors should try to measure insulin transport in cultured
endothelial cells. Co-culture studies with labeled insulin should be able to make this point.

We agree with the reviewer’s insightful comments. In our previous version of the manuscript, we
did include a transwell assay for insulin transport across cultured endothelial cells to muscle cells
that shows decreased endothelial insulin flux upon Notch stimulation and increased insulin flux
upon Notch inhibition (see below).
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However, we removed them from the later version due to concerns regarding the permeability of
endothelial cells after Notch manipulation as suggested by one of the other referees. We have
shown in our previous publications (Wieland et al., Cancer Cell 2017 and Jabs et al., Circulation
2018) that manipulation of endothelial Notch signaling increases permeability in endothelial cell
culture transwell models, but not in mice (see below). Keeping these results in mind, we have not
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included any in vitro data in the revised manuscript regarding transendothelial insulin flux, as the
disturbance of endothelial permeability precludes any judgement on paracellular vs transcellular
flux. Now, we only show the cellular uptake of insulin in endothelial cells upon Notch manipulation,
which is independent of any permeability issues (Fig 3A, B).

Figure 5G and H from Wieland et al., Cancer Cell 2017
Endothelial Notch Activation Promotes TC Adhesion and Transmigration
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Supplementary Fig 3 from Jabs et al., Circulation 2018
Loss of Notch signaling increases permeability of endothelial in vitro but not in vivo.
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We have also commented on this issue in the discussion section in the manuscript (see below)

“In addition, a recent study has demonstrated that non-canonical Notch signaling limits vascular
permeability®*. In previous studies from our laboratory, we had observed increased permeability
in NICD-expressing HUVEC monolayer?’, and Notch inhibition increased paracellular permeability
as determined by trans-endothelial electrical resistance and capacity measurements in
HUVECs?. Therefore, we did not include any in vitro experiments to measure insulin flux across
endothelial monolayer upon Notch manipulation in this study. However, in vivo, as described
previously®, we did not see any increase in extravasation of Evans blue between Rbpj“£° mice
and corresponding littermate controls. Hence, the increased insulin flux across the endothelium
observed in Rbpj“£¢ mice is most likely not due to grossly altered paracellular permeability.”

Regarding pAKT as readout for insulin signaling in vivo in muscle tissues, we agree that other
signaling pathways can affect AKT phosphorylation. However, since in our case we hardly detect
any pAKT with saline injections, we could assume that the observed increase in pAKT levels just
a few minutes later is a very valid readout of insulin action. Furthermore, this is a very well
established assay, used in numerous publications to show insulin action, also in skeletal muscles.
In addition, to strengthen our hypothesis, we have now also included glucose uptake assays in
insulin responsive tissues like muscles (Fig 6, see below).

Lastly, we would like to mention that our very strict animal welfare regulations do not allow
repeating such an in vivo experiment that was already successfully done before.



Fig 6
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2. The authors are inconsistent with the use of their models, and they jump back and forth
between analyzed tissues (e.g. heart, lung, skeletal muscle) and ways to alter Notch
signaling (e.g. DIl4, dnMAML, NICD). To make a convincing case for the proposed
mechanism, they should make a thorough effort to focus their analyses on skeletal muscle
using consistent tools.

We fully understand the concerns of the reviewer. We have now performed new experiments
exclusively with endothelial cells freshly isolated from skeletal muscle tissue to replace e.g. data
using lung endothelial cells or cardiac muscle endothelial cells. The new data include analysis of
skeletal muscle endothelial cells for Notch targets in obese mice (Fig 1A, see below) and during
physiological fasting/feeding cycles (Fig 1B, see below). We also analyzed caveolar component
genes in skeletal muscle endothelial cells in both Notch loss and gain of function mouse models
and obese mice (Fig 5G-I, see below). Importantly, these data confirm our previous findings.
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Lastly, we would like to mention that these analyses were accompanied by a few assays using
HUVECSs, which is the prototypical primary endothelial cell type, used in the vast majority of studies
in the vascular biology field. The reason for this is that HUVECs can be easily genetically modified
and can be cultured for a much longer period compared to isolated skeletal muscle cells which do

not proliferate in culture any more.

For the cell culture experiments, we have used expression of active Notchl (NICD) to induce
Notch signaling or dnMAML1 to inhibit Notch signaling. Both of these approaches are very well
established and we have included data in Fig EV5B (see below) to show there efficacy. Only one
experiment (insulin uptake in cultured endothelial cells) was performed with coated DLL4 to induce
Notch activity. Again, this is a classical way to stimulate Notch signaling. The reason we used this
instead to induce Notch signaling is the fact that the NICD viral construct contains a GFP cassette
that leads to very weak but still detectable fluorescence. As we used FITC-insulin fluorescence as
readout we could not use the NICD construct, therefore we decided to use coated DLLA4.



Nevertheless, we would like to mention that research in the Notch field is usually done by using
multiple tools (including soluble ligands, Rbpj-VP16 or gamma secretase inhibitors) and that
different experiments are shown using suitable tools based on experiment design.

Fig EV5B
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3. The authors provide some data that suggest that overall pancreas function is not
affected; however, they did not exclude other relevant perturbations. For instance, Notch
inhibition is known to cause liver pathology (e.g. Yan et al. Nature 2006), which might affect
general glucose homeostasis. Excluding major changes in liver function, thus, appears
mandatory.

We have now tested multiple parameters for liver function and morphology in our endothelial
specific Rbpj“E¢ mouse model. We did see an increase in microvessel density and sinusoidal
dilation in the liver sections in these mice as it was published before by others (Cuervo, H. et al,
Hepatology, 2016). Most importantly, we did not detect any hepatic necrosis, fibrosis or iron
deposition in histological sections (Fig EV4C-E, see below). In addition, albumin, urea,
transaminases and alkaline phosphatase levels were within the normal limits in plasma from both
the groups (Fig EV4F-J, see below). Therefore, we can rule out major changes in liver function
that would affect systemic glucose homeostasis.
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4. The mechanism by which endothelial Notch signaling regulates the expression of the
caveolar proteins is still unclear. To make a more convincing case, the authors should
assess whether CAV1, CAV2, and CAVINL1 are direct Notch target gene.

We would like to apologize to the reviewer if we have not explained our hypothesis in a better way.
We are not proposing that CAV1, CAV2 and CAVIN1 are direct Notch targets. If that were the
case, we would see an upregulation of these genes upon Notch induction. On the contrary, we
see a downregulation of these genes upon Notch induction both in vitro and in vivo (Fig 5, see
below), which points towards repression via the classical Notch target genes of the Hes and/or

Hey transcriptional repressors.
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Notch signaling often works through transcriptional activation of Hey/Hes family of transcriptional
repressors that in turn transcriptionally downregulate target genes. In our case, we propose that
Notch signaling downregulates expression of caveolar genes through the expression of Hey/Hes.
Previous studies have shown that Heyl physically interacts with the Cavl promotor thereby
repressing it. We have included data that shows that HEY1 overexpression in HUVECs
downregulates CAV1 expression (Fig 5F, see below). Furthermore, HEY1 overexpression also



significantly lowers the upregulation of CAV1 that is observed upon Notch inhibition. Therefore,
our proposed model would be as illustrated below (part of the synopsis figure and text)

Fig 5F
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5. Figure 3C: The authors should provide the unphosphorylated AKT immunoblot as a
control. Same accounts for Figure 3E.

We have included these now.
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6. Figure 5B: The levels of NICD overexpression need to be shown.

These constructs are well-established tools in our laboratory, which have been published in
previous papers by many laboratories. Since the constructs are fragments of the endogenous
proteins, we cannot show the expression on the protein level, as the antibodies cannot detect the
remaining protein fragment, because it lacks the Valine at the N-terminus. However, we have
provided data showing that the constructs regulate Notch target gene expression on the mRNA
level as expected (Fig EV5B, see below). Furthermore, we also validated Notch target gene
expression in endothelial cells isolated from skeletal muscle of NICD°®E¢ mice (Fig EV1D, see
below). Notably, the induction of Hes and Hey gene expression (Fig. EV1D) is very similar to what
we saw in the skeletal muscle endothelial cells from mice for 6 months on HFD (Fig 1A).
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Referee#3 (Remarks for Author):

The authors adequately addressed my concerns.

We thank the reviewer for the positive evaluation of our manuscript.

Referee #4 (Comments on Novelty/Model System for Author):

The performed experiments are well done. The results are novel. The authors show that
manipulation of their pathway impacts metabolic health in obesity mouse models.

Referee#4 (Remarks for Author):

The revised version by Jabs et al. has significantly improved. The data are now presented
in the appropriate way and the quality of the study is greatly enhanced. However, two
critical major questions still remain completely unaddressed in the revised version:

We thank the reviewer for the perceptive comments and for appreciating the work and the data
presentation. We really acknowledge the critical inputs regarding metabolic experiments to
substantiate the message of this manuscript. We have now performed new experiments to
address all of the remaining concerns.

1. Still, there is not a single figure in the paper showing a difference in muscle glucose
uptake (neither was insulin uptake itself measured), which would ultimately proof the
concept that it is actually insulin-stimulated glucose uptake into muscle that is underlying
or at least contributing to the phenotype of the transgenic animals with manipulation of
Notch signaling. The in vitro data on caveolin and insulin receptor are very nice, but we
don't know whether there are differences in insulin receptor availability in
muscle/myocytes actually translating into glucose uptake in vivo. The authors show insulin
signaling in muscle and liver but not in other tissues, where insulin needs to cross the
barrier. Still, it is possible that the phenotype in vivo is independent of muscle insulin
action and muscle glucose uptake and there is a lot of faith required to acknowledge the
concept as suggested. Ideally, as | mentioned before, this should be confirmed by clamp
studies, in which radiolabeled tracers are used to follow the fate of glucose into the
respective tissues. Alternatively, a glucose tolerance test (the authors only assume that
postprandial insulin is higher but don't show that - 0 and 10 min blood would be required
for that), in which 14C-deoxyglucose or other tracers are mixed in, would allow to proof
their concept. Higher postprandial insulin with lower glucose uptake would prove their
concept. Even if they find that this holds also true in other tissues like white or brown fat
etc. it would make the study stronger with a broader scope. | do not want to stress this, but
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I want to mention that the islet phenotype calls for primary islet insulin release assays, as
the differences in vascularization might impact insulin secretion somehow. Showing the
impact of Notch signaling on in vivo glucose (insulin?) muscle uptake is imperative for this
kind of metabolic study, especially with the strong claims made here.

We agree with the reviewer. We have now performed glucose uptake assays in both Notch loss
and gain of function mouse models. We performed a glucose tolerance test with 2-deoxyglucose
tracer mixed in. We monitored blood glucose levels at different time points and sampled blood to
measure plasma insulin levels (Fig 7, see below). We collected muscle and visceral white adipose
tissue (VWWAT) samples to measure 2-DG uptake using a commercial kit (CSR-OKP-PMG-KO1TE,
Cosmo Bio). We found lower glucose uptake in muscle from Notch gain of function mice when
compared to controls. This fits perfectly to what we and the reviewer expected. This effect was
also accompanied by higher plasma insulin levels during the GTT (Fig 7C and D, see below).
Consistently, we found higher glucose uptake in muscle from Notch loss of function mice when
compared to controls. We saw a considerable reduction in the plasma insulin levels (Fig 7H and
I, see below).

We also analyzed glucose uptake in VWAT as the reviewer asked for a second organ which takes
up glucose. However, we did not see any difference in glucose uptake in VWAT (Fig 7E and J,
see below). This could very well be attributed to tissue specific differences in endothelial properties
between muscles and adipose tissue. There are currently multiple studies ongoing in the vascular
biology field to describe all of these organ-specific endothelial properties.
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We fully understand the reviewer’s concern regarding the pancreatic islet phenotype in RbpjAE¢
mice. To address this issue, we performed ex vivo glucose stimulated insulin secretion (GSIS)
assay in pancreatic islets. There was no difference in the total insulin content in islets isolated
from Rbpj2E€ mice compared to littermate controls (Fig EV3E, see below). In addition, insulin
secretion after adding 5.6 mM glucose was not altered. Only hyperglycemic conditions led to an
increased insulin secretion in this simplified model, most likely due to increased vasculature in
islets (Fig EV3F, see below). The higher vascularity could allow for better diffusion of glucose into
the pancreatic islets in culture.

Importantly, since insulin secretion in vivo is regulated by multiple factors, we subsequently
performed an in vivo GSIS and measured plasma C-peptide levels after glucose administration in
mice. Notably, this did not reveal any significant differences between control and Rbpj2&¢ mice
(Fig EV3G and H, see below). As such, it is clear that in living mice, there is not excess glucose-
mediated insulin secretion in Rbpj“&¢ mice.

Considering the slight disparity (only in the severe hyperglycemic condition) in the ex vivo vs in
vivo experiments we have to consider the possibility that there could be an increase in insulin
secretion in our Rbpj2E¢ mice models under severe hyperglycemic conditions. This could affect
the overall systemic glucose homeostasis but it is highly unlikely the only reason for the
improvement of systemic glucose homeostasis in Rbpj2E mice. This is in particular the case under
physiological glucose levels as shown in multiple experiments throughout the manuscript. And
also otherwise we would also not see any differences in insulin sensitivity in NICD'°EEC mice,
where there are no differences in the pancreatic islet vasculature.
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2. The paper claims that Notch signaling controls insulin action in muscle, yet there is no
physiological regulation of the Notch signaling with fasting and feeding and, therefore, the
study does not really have a physiological scope and now has a very different angle. One
could argue that Notch signaling constitutively inhibits insulin action through arepression
of caveolae formation (why are there no muscle ECs data in Figure 5?). This does not seem
to be a developmental defect, and this is an important finding by itself. The authors argue
that in the db/db model, Notch signaling is enhanced (Why do the authors show lung ECs,
and not muscle ECs - in the context of my point #1 brings me back to the question of how
much muscle is in the in vivo phenotype or is this systemic - heart we apparently know
already...), which might contribute to the insulin resistance in this model somehow. They
also show that in the HFD model, inducible deletion of Notch signalling improves glucose
tolerance independently of body weight (Fig. 6), which is a very strong experiment and the
findings are really exciting. Altogether, this gives this study a more pathophysiological
obesity-linked angle. However, there are two major complications (and the in vitro high
glucose incubations are not convincing): The db/db model a priori is a leptin signaling-
deficient model so whether the changes in EC Notch signaling are due to leptin deficiency
or due to the metabolic disease in this model cannot not be deduced and this finding
remains anecdotal. Much better would be showing muscle ECs from lean and HFD mice
next to db/db and controls with some stronger readout than qPCR - | think given that this
study now has an obesity focus and the authors make very strong claims based on very
14



little data this is unacceptable. The other is that in the HFD inducible deletion experiment,
insulin levels are not shown, ITT was not performed, and muscle glucose uptake was not
measured by any means. Altogether, this emphasizes that the authors are not experts in
metabolic experiments, but | think their basic concept, particularly as it seems to have
some therapeutic benefit for obesity-induced insulin resistance, is still very exciting.

As the reviewer pointed out, our data now show that physiological changes during feeding cycles
do not strongly affect Notch signaling in ECs. However, chronic metabolic disturbances such as
those seen in obesity, might lead to sustained over-activation of Notch signaling activity in ECs
and this subsequently would contribute to impaired insulin sensitivity. As such, it is important to
note that the amplitude of Notch activation could differ between physiological and pathological
conditions (Kopan, Cold Spring Harbor Perspectives, 2012), and that in particular chronic over-
activation affects systemic glucose metabolism.

As the reviewer mentioned, we have now performed new experiments exclusively with endothelial
cells freshly isolated from skeletal muscle tissue to replace e.g. data using lung endothelial cells
or cardiac muscle endothelial cells. We have included data for caveolar component genes in
skeletal muscle endothelial cells in both Rbpj“E¢ and NICD'°5E¢ mice (Fig 5G and H, see below)

Fig 5
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As the reviewer suggested, we have now performed experiments on lean (control diet, CD. 10%
fat) and high fat diet (HFD, 60% fat) fed obese mice. We also included another group in the cohort
where mice were put on high fat and sucrose diet (HFS, 60% fat and 42 g/l sucrose in drinking
water ad libitum), for a period of 26 weeks starting at 4 weeks of age. We analyzed primary skeletal
muscle ECs freshly isolated from these mice. Expression of Notch target genes were elevated in
ECs isolated from obese animals (HFD and HFS) compared to ECs derived from CD fed mice
(Fig 1A, see below). Notably, the upregulation of Hes and Hey expression in our NICDEEC mice
(Fig. EV1D) is very similar to the induction by HFD.

We also analyzed caveolar component gene in skeletal muscle endothelial cells from these mice,
which were also changed similar as in the in vitro experiments (Fig 5I, see below).
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In addition, we performed similar analysis with ECs isolated from skeletal muscle of mice on HFD
for 3 weeks and 8 weeks. Although, these mice had a notable elevation in their blood glucose
levels and body weights, analysis of Notch target genes did not reveal any significant differences

(Fig EV1A and B, see below). These results support again the notion that only chronic
disturbance of plasma metabolites in obese mice lead to increase in Notch signaling in ECs.
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Regarding using another approach other than gPCR for a readout, we have to mention that we
are using freshly isolated primary endothelial cells from mice skeletal tissue without expanding
them in vitro, as this would not recapitulate the in vivo conditions that these cells are exposed to
in obese mice. Therefore, we do not have enough starting material to use another approach like
Western Blot to detect active Notch signaling as detecting cleaved Notch on a Western Blot
requires a lot of input starting material.
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We have now included more analysis on HFD Rbpj“&¢ mice, as the reviewer had pointed out that
we were missing some critical metabolic experiments. We have now performed ITT, glucose
uptake assays and measured plasma insulin levels in HFD fed Rbpj“E® and control mice fed (Fig
7, see below).

Fig 7
Insulin Tolerance Test AUC HFDITT
250 -&-HFD Ctrl  -& HFD Rbpj**° 2
= p=0.013 - 5 p=0.004
S oo p=0.001 E -
E } p=0.026 p=0.007 "§ E 54 °
@ . el _—-'- -~
g0 L e :
El AL 3 104
2 100] & r :
] ~ g
S so %‘-. 5 5 b
E TR B------- A g
8
o <
0 15 30 45 60 75 20 [ —
Time (min) Ctrl  Rbpj
G H Blood Glucose
— 4007 p=0.002
HFD fed 3
[ N . . o
Ctrlor RbpleEc‘_____________I'T?_(T'_T)_ ___________ N E 300+
@
1 0 10 18 20 2
or ———1 i
3
o
¢ 7 ¢ ¢ V=P 2 100
Fasted 4 h Glucose + Harvest L2
2-DGi.p. organs @
0 T T T 1
0 5 10 15 18
Time (min)
I Plasma Insulin J Muscle K vWAT
3.0
= p=0.01 p=0.002 p=0.015 p=0.024 p=0.045
T 254 204 —— 209 r——
> o [ o
5 20_ -E -E °
c 7 E 151 . 'E1.5-
3 15- 8 e
‘s 1.0 £ 104 £ 104
£ & Ctrl £ £ .
8 0.5 o Rbpj"=° =] =]
T g 54 8 0.54
0.0=— T T T 1 & &
0 5 10 15 18 04 0.0
Time (min) ctd Rbpj"*c ctrl  Rbpj*“*®

We saw an improvement in insulin sensitivity in HFD Rbpj“E¢ mice compared to HFD controls.
Furthermore, the 2-DG uptake shows improved glucose uptake not only in skeletal muscle but
also in VWAT. In addition, the plasma insulin levels were lower both at base line and during GTT
in HFD RbpjE° mice.

Taken together, these results clearly indicate that endothelial-specific Notch inhibition improves
glucose homeostasis in a HFD induced insulin resistance model.
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Thank you for the submission of your revised manuscript to EMBO Molecular Medicine. We have
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manuscript. As you will see, they are both supportive of publication, and I am thus pleased to inform
you that we will be able to accept your manuscript pending the following final editorial
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Referee #1 (Remarks for Author):

The authors addressed the majority of issues raised and I have no further comments.

Referee #4 (Comments on Novelty/Model System for Author):
The study provides novel biology with pathophysiological angle, but no "therapeutic impact"
Referee #4 (Remarks for Author):

Thank you for accepting my criticism, and using it to bring this work to an entirely new level of
quality — congrats
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A- Figures
1. Data
The data shown in figures should satisfy the following conditions:

= the data were obtained and processed according to the field’s best practice and are presented to reflect the results of the
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are there adjustments for multiple comparisons?

exact statistical test results, e.g., P values = x but not P values < x;
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Any descriptions too long for the figure legend should be included in the methods section and/or with the source data.

In the pink boxes below, please ensure that the answers to the following questions are reported in the manuscript itself.
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Please fill out these boxe: (Do not worry if you cannot see all your text once you press return)

1.a. How was the sample size chosen to ensure adequate power to detect a pre-specified effect size?

\We did not use any statistical test to pre-determine sample size. The sample size was chosen
based on previous experience.

1.b. For animal studies, include a statement about sample size estimate even if no statistical methods were used.

We did not use any statistical test to pre-determine sample size. The sample size was chosen
based on previous experience.

2. Describe inclusion/exclusion criteria if samples or animals were excluded from the analysis. Were the criteria pre-
established?

The criteria for animal experiments were pre-established by the Ethics Committee. Mice showing
signs of severe pain, weight loss more than 20%, insufficient eating and drinking, apathy had to be
sacrificed and were excluded from the analysis.

3. Were any steps taken to minimize the effects of bias when I les to treatment (e.g. No
randomization procedure)? If yes, please describe.
For animal studies, include a about evenifnor ion was used. We did not use any randomization procedure.

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

Not in general as the macroscopic phenotype of Rbpj mice is apparent. However, histological
analyses, ex vivo experiments using cells and clinical chemistry analysis was done by blinding of
the investigator.

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

Not in general as the macroscopic phenotype of Rbpj mice is apparent. However, histological
analyses, ex vivo experiments using cells and clinical chemistry analysis was done by blinding of
the investigator.

5. For every figure, are statistical tests justified as appropriate?

Yes

Do the data meet the assumptions of the tests (e.g., normal distribution)? Describe any methods used to assess it.

Yes, data sets were checked for normal distribution using Shapiro-Wilk test.




s there an estimate of variation within each group of data?

Yes, variance in data sets is represented as Standard error of mean (s.e.m.)

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

No, for the following data sets, variance was not similar and a t-test with Welch's correction was
used. Fig 1D, F; Fig 2 D, F; Fig EV2 D; Fig EV3 C, D; Fig EV4 B

C- Reagents

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

This information is included in Materials and Methods section under sub heading Western Blots.

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

HUVECs were freshly isolated from umbilical cords in our lab. MCECs were a kind gift from Dr.
Thomas Fleming, originally purchased from Biozol/CELLutions Biosystems Inc. (Catalogue
No.CLU510). Cell lines were routinely tested for mycoplasma contamination

D- Animal

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

| Models

8. Report species, strain, gender, age of animals and genetic status where Please detail housing

and husbandry conditions and the source of animals.

This information is included in Materials and Methods section under sub heading Animal models.

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

The study was approved by Institutional and Regional Animal Research Committees. All animal
procedures were in accordance with institutional guidelines and performed according to the
guidelines of the local institution and the local government.

10. We recommend consulting the ARRIVE guidelines (see link list at top right) (PLoS Biol. 8(6), €1000412, 2010) to ensure
that other relevant aspects of animal studies are adequately reported. See author guidelines, under ‘Reporting
Guidelines’. See also: NIH (see link list at top right) and MRC (see link list at top right) recommendations. Please confirm
[compliance.

\We confirm compliance with the guidelines.

E- Human Subjects

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

NA

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

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

NA

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

NA

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

NA

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

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

F- Data Accessibility

G- Dual u:

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

Data deposition in a public repository is mandatory for:
a. Protein, DNA and RNA sequences

b. Macromolecular structures

c. Crystallographic data for small molecules

d. Functional genomics data

e. Proteomics and molecular interactions

19. Deposition is strongly recommended for any datasets that are central and integral to the study; please consider the
ljournal’s data policy. If no structured public repository exists for a given data type, we encourage the provision of
datasets in the manuscript as a Supplementary Document (see author guidelines under ‘Expanded View’ or in
unstructured repositories such as Dryad (see link list at top right) or Figshare (see link list at top right).

20. Access to human clinical and genomic datasets should be provided with as few restrictions as possible while
respecting ethical obligations to the patients and relevant medical and legal issues. If practically possible and compatible
with the individual consent agreement used in the study, such data should be deposited in one of the major public access-|
controlled repositories such as dbGAP (see link list at top right) or EGA (see link list at top right).

21. Computational models that are central and integral to a study should be shared without restrictions and provided in a
machine-readable form. The relevant accession numbers or links should be provided. When possible, standardized
format (SBML, CellML) should be used instead of scripts (e.g. MATLAB). Authors are strongly encouraged to follow the
MIRIAM guidelines (see link list at top right) and deposit their model in a public database such as Biomodels (see link list
at top right) or JWS Online (see link list at top right). If computer source code is provided with the paper, it should be

ited in a public repository or included in supplementary information.

se research of concern

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

NA




