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31st Aug 20201st Editorial Decision

Dear Patrizia, 

Thank you for the submission of your manuscript  (EMBOJ-2020-106214-T) to The EMBO Journal.
Please again accept my apologies for the unusual delay with the peer-review of your manuscript
due to delayed referee input at  this t ime of the year and detailed discussions in the team. We have
sent your manuscript  to three reviewers for evaluat ion and now received reports from all of them,
which I copy below. I am afraid that in light  of their comments we decided that we cannot offer
publicat ion in The EMBO Journal. 

As you will see, the referees appreciate the potent ial interest  of your results for the field. However
they also raise major concerns with the analysis that  I am afraid preclude publicat ion here. In more
detail, referee #3 states major issues with the advance of the current work given reported overall
links between BNIP3 and HIF1a, and points to a number of unsupported claims, which in his-her
view undermine the impact of your results. Referee #2 agrees in that the novelty of the findings is
compromised by earlier work (ref#2 standfirst , pt .3). Referee #1 is concerned about the level of
molecular depth and finds the mechanist ic insights provided too premature (Ref#1, pt .1; see also
ref#3). 

Given these negat ive opinions from good experts on the field, and considering that the journal only
offers one concise round of major revisions, I am afraid we have concluded that we cannot offer to
publish your study in The EMBO Journal. 

Thank you in any case for the opportunity to consider this manuscript . I regret  we cannot be more
posit ive on this occasion, but we hope nevertheless that you will find our referees' comments
helpful. I again apologise for the unusual protract ion. 

Kind regards, 

Daniel 

Daniel Klimmeck, PhD 
Editor 
The EMBO Journal 

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

Referee #1: 

In this manuscript , Vara-Perez et  al. found posit ive correlat ion between the increased BNIP3
expression in melanoma and poor prognosis. They show that in melanoma cells, an adaptor protein
for mitophagy, BNIP3 prevents NCOA4-mediated ferrit inophagy and in turn stabilizes HIF1α,
support ing tumor metabolism and proliferat ion. Mechanist ically, BNIP3 interacts with NCOA4,
inhibits the degradat ion of ferrit in and decreases intracellular Fe2+ level. As a result , the act ivity of
prolylhydroxylase 2 declined, the level of hydroxylated HIF1α decreased, and then degradat ion of



the HIF1α through the ubiquit in-proteasome pathway was impaired. Thus, the ablat ion of BNIP3
abrogated not only mitochondria clearance but also anaerobic glycolysis through the stabilizat ion of
HIF1α in melanoma, resulted in decreased melanoma growth. While this manuscript  contains
interest  findings, substant ial issues that should be addressed remained. 

Comments 
1. Most problemat ic issue is that  the regulat ion as well as detail molecular mechanism of the
NCOA4-mediated ferrit inophagy by BNIP3 are unclear. The authors should invest igate the t iming
and the way that BNIP3 binds to NCOA4. What factor(s) controls the interact ion? Why does the
const itut ive binding occur in melanosome? Is the BNIP3 bound to NCOA4 able to act  as a
mitophagy adaptor? Is the NCOA4 bound to BNIP3 unable to serves as a ferrit in adaptor? If so, the
mechanism? Is the negat ive regulat ion of NCOA4-mediated ferrit inophagy by BNIP3 general, or
specific in melanosome? The authors should show the (mitochondrial) localizat ion of NCOA4 in
melanosome.
2. Another serious problem is the metabolome analyses. Are the data stat ist ically significances? In
part icular, the t racer experiments with 13C-glucose in this manuscript  did not support  the author's
claim at  all.
3. In Figure 2F, how does loss of BNIP3 increase autophagy-flux? In Figure 3A, the number of GFP-
LC3 puncta in BNIP3-depleted cells was comparable to that in control cells, which was inconsistent
with the data presented in Fig. 2F. The LC3B-posit ive structures shown in Fig. 2F (BNIP3KD) are too
large, and they seem not to be autophagosomes.
4. NCOA4 is mainly degraded by macroautophagy, and BNIP3-mediated mitophagy is dependent
on macroautophagy. Nevertheless, the amount of NCOA4 in ATG5-deleted cells (defect ive both
mitophagy and NCOA4-turnover) was comparable to that in control cells (Fig. 5). Why?
5. In Fig. S2D, quant ificat ion is needed.

Referee #2: 

In this manuscript , Vara-Perez et  al. have invest igated the role of BNIP3 in melanoma tumor cell
growth. They provide evidence that increased BNIP3 expression correlates with poorer pat ient
survival and that BNIP3 deplet ion decreases HIF-1 expression and HIF-dependent glycolysis via
altered intracellular iron levels which impacts tumor growth. The authors conclude that their study
ident ifies a new and unexpected role for BNIP3 in the regulat ion of HIF. A number of previous
studies have ident ified a role for BNP3 in tumor progression and BNIP3 expression has previously
been shown to be a heavily HIF-dependent. While there is a good case for invest igat ing the
interact ions between BNIP3 and HIF-1alpha, their interact ion in the context  of cancer has been well
studied detract ing somewhat from the novelty of this study which lies mainly in the demonstrat ion
of BNIP3-dependent HIF act ivity. 

Major Points: 
1) In Figure 1C and 1D, how is the BNIP3 stained? What is the colour of the BNIP3 staining versus
the background H&E stain? It  is difficult  to discern the BNIP3-specific staining on these t issues.
Overall, figure 1 is quite descript ive and adds lit t le in the way on new insight as the associat ion of
high BNIP3 levels and low cancer survival is known.

2) The effects of BNIP3 KD on tumor volume in Fig 2B is impressive. The authors do not address the
apparent ly striking impact of BNIP3KD on the rate of tumor cell death (Fig 2D). This does not tally
with a protect ive effect  of BNIP3 KD in terms of tumor growth. Can the authors look at  another
measure of tumor cell apoptosis to further invest igate significance of this.



3) The data presented in Figure 3A is largely confirmatory of previous work. Some of the
metabolomic data is not very convincing. For example, the reported trend towards reduct ion in
extracellular acidificat ion rate in shBNIP3 cells reported in Figure 3D is not at  all clearly different from
control (even though an unlikely stat ist ical significance is reported). The authors conclude from their
BNIP3 KD experiments that BNIP3 promotes glycolysis. Is the converse true? Does overexpressing
BNIP3 induce an increase in glycoloysis.

4) In Figure 4A, does BNIP3 KD also affect  HIF-2alpha expression (the isoform more usually
associated with cancer). The data in figure 4B should be quant ified. Does BNIP3 overexpression
enhance HIF-1/2 expression? The data demonstrat ing increased HIF hydroxylat ion in BNIP3
depleted cells could be strengthened by for example using a hydroxylat ion (CO2-release) assay or
mass spectrometry. Furthermore, the authors should demonstrate the effects of BNIP expression
levels on HIF ubiquit inat ion by the pVHL protein as this is key to it 's post-t ranslat ional stability.

5) The authors focus on the impact of BNIP3 on iron content as a link to HIF-1alpha stabilizat ion. In
Figure 3C, knockdown of BNIP3 appears to increase OCR which would result  in less oxygen being
available in the cell which would favour HIF stabilizat ion. Have the authors considered this as a
possible contributory link between BNIP3 and HIF-1alpha stabilizat ion (similar to the mechanism
propose din Hagen et  al, Science 2003).

Minor Points: 

1) In "the paper explained", the authors refer to HIF-1 as an oncoprotein. Many pat ients are
receiving hydroxylase inhibitors which stabilize and act ivate the HIF` pathway, however there is no
evidence for increased melanoma growth in these pat ients. It  is possibly an oversimplificat ion to
render HIF an oncoprotein. The authors could consider this point .

Referee #3: 

In this manuscript  the authors examine the role of BNIP3 in melanoma. BNIP3 is a protein
associated with the mitochondrial outer membrane and funct ions as a cargo receptor for
mitophagy. BNIP3 has been ident ified as having a role in the progression of various forms of
cancers, presumably through it  act ivity in promot ing mitophagy. Mult iple types of cancers have
been found to depend on mitophage and autophagy to maintain their metabolism in changing
cancer environments. Here the authors present evidence that higher levels of BNIP3 are associated
with reduced survival t ime in pat ients with melanoma. Using in vit ro and in vivo mouse models of
melanoma, the authors show that tumor growth is specifically reduced when expression of BNIP3 is
reduced and that deplet ion of BNIP3 is associated with metabolic changes and altered
mitochondrial energy metabolism. Previous studies have shown that BNIP3 is both responsive to
changes in HIF1a act ivity and promotes HIF1a act ivity that  can account for the metabolic changes
observed. Here the authors confirm that HIF1a levels and act ivity are reduced in melanoma cells
depleted of BNIP3. These changes in HIF1a could be traced to increased act ivity of the prolyl
hydroxylase (PHD2) that targets HIF1 for ubiquit in-mediated degradat ion. Evidence is presented
examining the role of altered iron homeostasis to account for increased PHD act ivity. 



The quest ion of how altered mitophagy could affect  the turnover of HIF1a is interest ing and highly
relevant to cancer biology. Hypoxia and the accumulat ion of inhibitory substrates for PHDs have
been implicated in HIF-mediated tumor format ion because oxygen and the intermediate metabolite
2-oxoglutarate are required for PHD act ivity. Iron is also a required cofactor for PHD act ivity and the
availability of cellular iron can affect  the act ivity of PHD in cells and t issues in vivo. The evidence the
authors present here for altered PHD act ivity is fairly persuasive and largely rests on the
observat ion of reduced levels of HIFa in BNIP-depleted cells and tumor t issue. Although the authors
try to assert  that  the relat ive amounts of hydroxylated HIF are increased, they don't  really show
this. Instead, the small amount of detectable OH-HIF that they detect  doesn't  really change, only
the amount of total HIF. If the authors wanted to show more OH-HIF, they would need to block HIF
degradat ion with a proteasome inhibitor or a VHL inhibitor. However, the use of mutant HIF1 that
cannot be hydroxylated does tend to rescue the HIF phenotypes observed in their BNIP3-depleted
cells.

The authors argue that increases in intracellular Fe(II) are responsible for an increase in PHD
act ivity. This would suggest that  there is a pool of un-metallated PHD in the cell. While NCOA4
levels do increase in BNIP3-depleted cells, the authors have not shown how this could affect  iron.
NCOA4 directs ferrit in to the lysosome for turnover. That does not necessarily equate with
elevated cytosolic iron. The authors present no data regarding ferrit in levels, which would surely be
affected by alterat ions in NCOA4 that are great enough to produce elevated intracellular iron. What
happens to ferrit in? Can these effects on PHD be mimicked by simply adding iron to the culture
medium or animal chow? The ferroOrange reagent needs some addit ional controls before these
data regarding iron can be reliably interpreted. Furthermore, it  is more likely that  only cytosolic iron
(II), rather than total intracellular iron, is changed with BNIP3 knockdown. But the authors have not
measured this. 

What remains poorly addressed is why the levels of PHD2 increase in BNIP-depleted cells. This
effect  is clear in Fig. 5A, but less so in Fig. 5E. This effect  may have nothing to do with iron
availability, but  instead reflect  a more direct  effect  on PHD turnover. 

In short , the evidence that intracellular iron is increasing the act ivity of PHD is weak, although the
evidence that HIF reduced in clear and the change in PHD act ivity is a reasonable explanat ion,
although not direct ly demonstrated. 

Minor points: 

1. Why is LC3-II so abundant after BNIP deplet ion in Fig. 2F, there is much less LC3-II in the images
in Fig. 3A?
2. The increase in NCOA4 after bafilomycin t reatment is clear, but  why does it  go up more in baf-
t reated BNIP knockdown? Is BNIP sending NCOA4 to the proteasome? Would proteasome
inhibit ion make any of this clearer?

** As a service to authors, EMBO Press provides authors with the possibility to t ransfer a
manuscript  that  one journal cannot offer to publish to another EMBO publicat ion or the open
access journal Life Science Alliance launched in partnership between EMBO Press, Rockefeller
University Press and Cold Spring Harbor Laboratory Press. The full manuscript  and if applicable,



reviewers' reports, are automat ically sent to the receiving journal to allow for fast  handling and a
prompt decision on your manuscript . For more details of this service, and to t ransfer your
manuscript  please click on Link Not Available. ** 

Please do not share this URL as it  will give anyone who clicks it  access to your account. 



Rebuttal and experimental plan with respect to Reviewer 1 comments: 

1. Reviewer 1’s comment 1: Most problematic issue is that the regulation as well as detail
molecular mechanism of the NCOA4-mediated ferritinophagy by BNIP3 are unclear. The
authors should investigate the timing and the way that BNIP3 binds to NCOA4. What factor(s)
controls the interaction? Why does the constitutive binding occur in melanosome? Is the BNIP3
bound to NCOA4 able to act as a mitophagy adaptor? Is the NCOA4 bound to BNIP3 unable to
serves as a ferritin adaptor? If so, the mechanism? Is the negative regulation of NCOA4-
mediated ferritinophagy by BNIP3 general, or specific in melanosome? The authors should
show the (mitochondrial) localization of NCOA4 in melanosome.

Answer. NCOA4 was coined as a ferritinophagy receptor in 2014, when two independent 
studies reported the ability of NCOA4 to bind LC3, hereby targeting ferritin for lysosomal 
degradation (1,2). Since then, different groups have been making great efforts to understand 
how NCOA4-mediated ferritinophagy works, what are the stress pathways triggering 
ferritinophagy, the involvement of components of the autophagic or proteasomal machinery. 
However, only very limited knowledge on the molecular mechanisms regulating ferritinophagy 
is currently available. 

We are quite excited therefore by the finding that BNIP3 is a novel interactor of NCOA4. Our 
data suggest that BNIP3-NCOA4 binding limits the engagement of NCOA4 in ferritinophagy in 
melanoma cells, thereby restricting PHD2-mediated hydroxylation activity. 

However, we feel that addressing the full mechanistic underpinnings of the BNIP3 mediated 
control of ferritinophagy and its cross-talk with mitophagy, as the Reviewer1 asks, is a full study 
on its own, the extent of which is clearly beyond the scope of this work. Moreover, there are 
several questions raised by the Reviewer1 that remain rather unclear to us, more in particular 
related to the interaction between BNIP3 and NCOA4 in the melanosomes.  

This is puzzling to us since we do not show, nor we claim, the involvement of melanosomes in 
the BNIP3-mediated effects on ferritinophagy or HIF-1α signaling, nor we are aware of possible 
recruitment of BNIP3 to melanosomes. 

Experimental work proposed: We are currently generating (lentivirally-transduced) stably cell 
lines rescuing in BNIP3 silenced cells steady-state expression level of (myc-tagged) BNIP3 full 
length (BNIP3FL) and a mitophagy-defective BNIP3 mutant (BNIP3deltaTM) lacking the 
transmembrane domain, thus disabling BNIP3 from docking to the outer mitochondrial 
membrane. By performing subcellular fractionation (mitochondria/cytosol) and IPs in these cell 
lines, we will be able to differentiate: i) if NCOA4 binding depends on BNIP3’s docking to 
the outer mitochondrial membrane, and on BNIP3’s transmembrane domain and ii) 
whether (rescuing or not) BNIP3-mitophagy affects ferritinophagy, intracellular iron 
levels and HIF-1α signaling, altogether adding important and novel mechanistic insights 
to this BNIP3 regulated pathway (together with the data already present in the main figure 5 
of the submitted manuscript). 

4th Sep 20201st Authors' Response to Reviewers



2.Reviewer 1’s comment 2: Another serious problem is the metabolome
analyses. Are the data statistically significances? In particular, the tracer
experiments with 13C-glucose in this manuscript did not support the author's claim at all.

Answer. We believe we would be able to answer effectively this ‘serious concern’ since this 
seems just a misinterpretation of the data.  

We would like to highlight that not only the data shown in Figure 3F but also those of Figure 
3D and sup. Figure 4C-D-E-F-G together show -by using different approaches, namely 
GC-MS metabolomics, Seahorse and 1H-NMR- that melanoma cells with defective BNIP3 
expression accumulate glucose and produce and secrete lower levels of lactate, both readouts 
of impaired glycolysis. As the glycolytic reduction comes from the transcriptional downregulation 
of several HIF-1α targets and key enzymes of the glycolytic pathway, the glucose that enters in 
the glycolytic pathway is effectively converted into lactate/pyruvate by the reduced levels of the 
enzymes (again, we have lower levels but the enzymes are active). Therefore, although lower 
levels of glucose are entering glycolysis, this is effectively converted and thus not significantly 
impacting the labelling of the downstream metabolites; as it could be expected if only one 
particular step of the glycolytic cascade was impaired and not all the 13C glucose reached the 
end of the pathway. 

Changes in the manuscript: to avoid future misunderstandings, additional metabolomics 
experiments (which were shown separately just because of their different baselines) will be 
repeated so that they can be pulled together into a single graph and statistically analyzed. 
Moreover, the representation of the 13C labelling will be changed into a graph where only the 
labelled species will be represented and statistically analyzed.  

3.Reviewer 1’s comment 3: In Figure 2F, how does loss of BNIP3 increase autophagy-flux?
In Figure 3A, the number of GFP-LC3 puncta in BNIP3-depleted cells was comparable to that
in control cells, which was inconsistent with the data presented in Fig. 2F. The LC3B-positive
structures shown in Fig. 2F (BNIP3KD) are too large, and they seem not to be autophagosomes.

Answer. We believe we would be able to effectively answer these concerns. 

The image in Figure 3A represents one plane of a z-stack confocal image whereas Figure 2F is 
standard widefield fluorescence microscopy. Moreover, the confocal imaging was performed 
with a GFP-LC3 plasmid whereas the tissue staining was performed through antibody-based 
immunohistochemistry, as detailed in the methods. As a technical note, we tried the same 
antibody in immunocytochemistry for the colocalization with unsuccessful results. For this 
reason, we decided to use the tagged plasmid for the colocalization. It should also be noted 
that, because of the transient transfection, the plasmid might not be always expressed to the 
same extent in all the cells, causing variability in the absolute number of autophagosomes: for 
this reason, we express our colocalization results as a percentage of autophagosomes 
colocalizing and not absolute numbers of autophagosomes. Lastly, LC3 can decorate other 
vesicles beyond the autophagosomes (3)  



Regarding the mechanism through which BNIP3 loss affects autophagy, we 
suspect that upon loss of BNIP3 (because of the glycolytic defect) mTORC1 
pathway is affected, which may keep autophagic flux ongoing in BNIP3 compromised cells. 

Experimental work proposed: to strengthen the imaging data we can image the tumor tissue 
with a confocal microscope instead of using a widefield microscope, this will allow us to define 
better LC3-associated structures. We will perform western blot and qPCR to assess mTORC1 
status and ULK1 phosphorylation, in BNIP3 proficient and silenced melanoma cells.  

4.Reviewer 1’s comment 4: NCOA4 is mainly degraded by macroautophagy, and BNIP3-
mediated mitophagy is dependent on macroautophagy. Nevertheless, the amount of NCOA4 in
ATG5-deleted cells (defective both mitophagy and NCOA4-turnover) was comparable to that in
control cells (Fig. 5). Why?

Answer. As already commented above, NCOA4-mediated ferritinophagy is a very novel 
selective autophagy pathway. Our data shows that treatment with the lysosomal blocker BafA 
recovers NCOA4 levels and in the case of shBNIP3, NCOA4 is degraded in the lysosome to a 
higher extent than in shCntl and shATG5 conditions, suggesting that this effect might be 
independent of macroautophagy. Recent studies have highlighted that NCOA4 can also be 
degraded through different autophagic pathways (studies that are mentioned and discussed in 
our submitted manuscript: in the results section (lines 321-329), in the discussion section (lines 
477-490) and references 24, 25 and 26). Addressing why ATG5 is not involved in the NCOA4
turnover is a matter of future more mechanistic studies (as we state in the discussion), which
goes beyond the main message of this manuscript, showing that HIF-1α is controlled by BNIP3
through pathways that are not phenocopied by ATG5.

5.Reviewer 1’s comment 5: In Fig. S2D, quantification is needed

Answer. We believe we would be able to effectively answer this concern.  

Experimental work proposed: confocal quantification of autophagosomes. 



Rebuttal and experimental plan with respect to Reviewer 2 comments: 

6. Reviewer 2’s initial comment: In this manuscript, Vara-Perez et al. have investigated the
role of BNIP3 in melanoma tumor cell growth. They provide evidence that increased BNIP3
expression correlates with poorer patient survival and that BNIP3 depletion decreases HIF-1
expression and HIF-dependent glycolysis via altered intracellular iron levels which impacts
tumor growth. The authors conclude that their study identifies a new and unexpected role for
BNIP3 in the regulation of HIF.
A number of previous studies have identified a role for BNP3 in tumor progression and BNIP3
expression has previously been shown to be a heavily HIF-dependent. While there is a good
case for investigating the interactions between BNIP3 and HIF-1alpha, their interaction in the
context of cancer has been well studied detracting somewhat from the novelty of this study
which lies mainly in the demonstration of BNIP3-dependent HIF activity.

Answer. While we agree with the Reviewer2’s comment about existing literature on the 
contextual role of BNIP3 in cancer, we humbly disagree with the view that this has been 
studied in the context of the HIF-1α signaling. Clearly, BNIP3 is a known HIF-1α target 
but whether and how HIF-1α and BNIP3 cooperate or crosstalk to control tumor growth 
is understudied. A recent report using a breast cancer model ((4), also cited in our 
manuscript, reference 7) investigated in great mechanistic details the role of BNIP3-HIF-1α axis 
and found that BNIP3 repressed HIF-1α pro-tumorigenic signaling (by inciting mitophagy 
and inhibition of glycolysis). Here, we provide compelling evidence that instead, BNIP3 in 
melanoma supports HIF-1α signaling. Quite interestingly, these data are very much in line 
with reports in clinical samples that show that in breast cancer BNIP3 is downregulated and 
associated with poor prognosis (4,5) whereas in uveal melanoma (as reported in our 
introduction, lines 92-95, reference 8) as well as in our cutaneous melanoma cohorts, BNIP3 is 
upregulated and associated with poor prognosis. In fact, to our knowledge no study has 
shown that BNIP3 supports HIF-1α pro-tumorigenic activity by keeping PHD2 activity at 
bay. We also are not aware of other studies exploring the role of BNIP3-HIF-1α in melanoma 
growth in vivo.  

7. Reviewer 2’s comment 1: In Figure 1C and 1D, how is the BNIP3 stained? What is the
colour of the BNIP3 staining versus the background H&E stain? It is difficult to discern the
BNIP3-specific staining on these tissues. Overall, figure 1 is quite descriptive and adds little in
the way on new insight as the association of high BNIP3 levels and low cancer survival is known.

Answer. For the procedure of staining, we refer to our methods section (lines 870-881 of the 
submitted manuscript). As stated in the methods, these tissues have not been 
counterstained; therefore, everything highlighted as pink/red is BNIP3 specific staining. 

Regarding the descriptiveness of the figure, other retrospective studies have shown similar 
procedures to show BNIP3 in cancer patient samples and to our knowledge, only one study has 
explored BNIP3 levels in a cutaneous melanoma cohort (6) as part of a hypoxic signature and 
related to PD-1 treatment in a small patient cohort (n=19). Therefore, we believe that the patient 
data that we show is novel and relevant in this context. 



8. Reviewer 2’s comment 2: The effects of BNIP3 KD on tumor volume in Fig 2B
is impressive. The authors do not address the apparently striking impact of
BNIP3KD on the rate of tumor cell death (Fig 2D). This does not tally with a protective effect of
BNIP3 KD in terms of tumor growth. Can the authors look at another measure of tumor cell
apoptosis to further investigate significance of this.

Answer. We believe we would be able to effectively answer this concern. 

In figure 2D we show overall cell death (necrotic) area, which is reduced. When we performed 
the staining of cleaved Caspase 3 (an apoptotic marker) we could see a very subtle yet 
statistically significant increase in the number of positive cells per field, bearing in mind 
that an imaging field harbors on average 700 cells (see Figure 1 at the end of this rebuttal). 
However, the drastic drop in cell proliferation (measured by Ki67, figure 2E of the manuscript) 
points towards a drop in proliferation as the major cause behind the reduction in tumor growth 
of shBNIP3 cells. 

Experimental work proposed: inclusion in the paper of images showing representative ki67 
staining and cleaved caspase 3 as well as quantification of the cleaved Caspase staining as a 
percentage of positive cells versus total number of cells per imaging field.  

9. Reviewer 2’s comment 3: The data presented in Figure 3A is largely confirmatory of
previous work. Some of the metabolomic data is not very convincing. For example, the reported
trend towards reduction in extracellular acidification rate in shBNIP3 cells reported in Figure 3D
is not at all clearly different from control (even though an unlikely statistical significance is
reported). The authors conclude from their BNIP3 KD experiments that BNIP3 promotes
glycolysis. Is the converse true? Does overexpressing BNIP3 induce an increase in glycoloysis.

Answer. We believe we would be able to effectively answer this concern. 

As already mentioned in our previous comments, in breast cancer BNIP3 by stimulating 
mitophagy keeps mitochondria-ROS levels down thus impairing HIF-1α stabilization and 
glycolysis (4). Instead here we show that while BNIP3 still operates as mitophagy receptor, 
when BNIP3 is silenced, mitochondria are forced to respire (even if unhealthily) because the 
glycolytic pathway is transcriptionally downregulated by the reduced levels of HIF-1α. Hence, 
BNIP3 in breast cancer or melanoma exerts a rather opposite effect on HIF-1α signaling. 
We believe that this is an important conclusion of our study, which sheds new light on 
the still controversial role of BNIP3 in cancer and delineate BNIP3 as potential biomarker 
of early melanoma progression. 

Experimental work proposed: together with the proposed experiments to the comment 2 of 
Reviewer1, repetition of the Seahorse experiments in basal conditions to reduce the difference 
between experiments; assessment of the ECAR and glycolytic readouts in the BNIP3-FL and 
BNIP3deltaTM stable cell lines that we are currently generating.  



10.Reviewer 2’s comment 4: In Figure 4A, does BNIP3 KD also affect HIF-2alpha
expression (the isoform more usually associated with cancer). The data in figure
4B should be quantified. Does BNIP3 overexpression enhance HIF-1/2 expression?

Answer. We believe we would be able to effectively answer this interesting point in support of 
which we do have preliminary data, that we did not add initially to the manuscript to avoid 
increasing the complexity of the study. However, upon request of the Reviewer they can be 
added. 

Indeed, preliminary data in B16-F10 cells under basal conditions showed that knocking down 
BNIP3, but not ATG5, downregulates also HIF-2α protein levels (see Figure 2 at the end of 
this rebuttal). This is associated with a corresponding downregulation of cyclin D1, one 
of the HIF-2α main targets (7). As in the case of HIF-1α, decreased protein levels of HIF-2α in 
BNIP3 silenced cells are not explained by an effect on Hif2a mRNA level. Since HIF-2α protein 
stability is also regulated by iron-dependent PHD2 activity (8), this observation further 
supports the proposed mechanism that BNIP3 feeds pro-tumorigenic HIF-signaling by 
regulating the availability of intracellular iron, as the key co-factor controlling PHD2 
hydroxylating activity towards HIF-1α and HIF-2α under conditions of oxygen availability. 

Experimental work proposed :As a rescue strategy -rather than overexpressing BNIP3, which 
may affect cell death or other pathways, we are currently generating stably transduced cell lines 
(shCntl/shBNIP3) rescuing steady-state expression level of (myc-tagged) BNIP3 full length 
(BNIP3FL) and a mitophagy-defective BNIP3 mutant (BNIP3deltaTM) lacking the 
transmembrane domain, thus disabling BNIP3 from docking to the outer mitochondrial 
membrane. We will then analyze HIF-1α and HIF-2α protein and RNA levels in these cell 
lines, which will validate BNIP3 as the molecular mediator and will further reveal whether 
mitophagy is relevant in this process (see also answer to comment 1 from Reviewer 1).  

11.Reviewer 2’s comment 5. The data demonstrating increased HIF hydroxylation in BNIP3
depleted cells could be strengthened by for example using a hydroxylation (CO2-release) assay
or mass spectrometry. Furthermore, the authors should demonstrate the effects of BNIP
expression levels on HIF ubiquitination by the pVHL protein as this is key to it's post-translational
stability.

Answer: We thank the Reviewer for his/her comment. We have indeed data confirming the 
classical pathway of PHD-mediated HIF-1α degradation through HIF-1α ubiquitination (see 
Figure 3 at the end of this rebuttal). We also checked total pVHL levels (see Figure 3 at the 
end of this rebuttal) but since HIF-1α ubiquitination cannot occur without hydroxylation, we 
decided not to include it so that we would not overwhelm the reader. In the figure below, you 
can find our preliminary data, which can be easily included in our manuscript.  

Experimental work proposed: repeat MG132 treatments to be able to show in the same blot 
HIF-1α (hydroxylated and total) as well as pVHL recovery after proteasomal blockade (not 
explored in our preliminary data).  



12.Reviewer 2’s comment 6: The authors focus on the impact of BNIP3 on iron
content as a link to HIF-1alpha stabilization. In Figure 3C, knockdown of BNIP3
appears to increase OCR which would result in less oxygen being available in the cell which
would favour HIF stabilization. Have the authors considered this as a possible contributory link
between BNIP3 and HIF-1alpha stabilization (similar to the mechanism propose din Hagen et
al, Science 2003).

Answer: This is an interesting remark. However, in our model and despite the increased OCR, 
BNIP3 silenced cells display less HIF-1α stabilization/levels, not increased HIF-1α 
levels. Therefore, the proposed mechanism -which we are aware of- does not seem to explain 
the BNIP3 phenotype we observe in melanoma cells. BNIP3 silencing indeed increases OCR 
(while other studies show the opposite, (4)) and also increases PHD2 activity thereby favoring 
HIF-1α destabilization, and both phenotypes have been linked in literature with an increase in 
intracellular iron (9), which we also have upon BNIP3 silencing. We can further highlight this 
point in the main text. 

13.Reviewer 2’s Minor point 1: In "the paper explained", the authors refer to HIF-1 as an
oncoprotein. Many patients are receiving hydroxylase inhibitors which stabilize and activate the
HIF` pathway, however there is no evidence for increased melanoma growth in these patients.
It is possibly an oversimplification to render HIF an oncoprotein. The authors could consider this
point.

Answer: We thank the Reviewer for highlighting this point. It is true that HIF-1α has not been 
described as an initiating event in many cancer types (except in renal cancer, where it has been 
associated with a loss of pVHL), but several studies have correlated high HIF signaling with 
poor prognosis (10,11), therefore our use of ‘oncoprotein’ (especially in a section aimed to non-
scientific public) but considering all the effects described for HIF-1α (as well comparing HIF-1α 
vs HIF-2α), we agree that it is definitely an oversimplification.  
The revised manuscript, unless we are told otherwise, it will not include “the paper explained” 
section because it was meant for EMBO Molecular Medicine and not for The EMBO Journal.  



Rebuttal and experimental plan with respect to Reviewer 3 comments 

14.Reviewer 3’s comment 1: In this manuscript the authors examine the role of BNIP3 in
melanoma. BNIP3 is a protein associated with the mitochondrial outer membrane and functions
as a cargo receptor for mitophagy. BNIP3 has been identified as having a role in the progression
of various forms of cancers, presumably through it activity in promoting mitophagy. Multiple
types of cancers have been found to depend on mitophage and autophagy to maintain their
metabolism in changing cancer environments. Here the authors present evidence that higher
levels of BNIP3 are associated with reduced survival time in patients with melanoma. Using in
vitro and in vivo mouse models of melanoma, the authors show that tumor growth is specifically
reduced when expression of BNIP3 is reduced and that depletion of BNIP3 is associated with
metabolic changes and altered mitochondrial energy metabolism. Previous studies have shown
that BNIP3 is both responsive to changes in HIF1a activity and promotes HIF1a activity that can
account for the metabolic changes observed. Here the authors confirm that HIF1a levels and
activity are reduced in melanoma cells depleted of BNIP3.

Answer: To our knowledge this evidence has not been shown before, thus it cannot be 
confirmatory. As explained above (see the answer to the comment 6 from Reviewer 2), while 
there is existing literature on the contextual role of BNIP3 in cancer, we humbly disagree with 
the view that this has been studied in the context of the HIF-1α signaling. Clearly, BNIP3 
is a known HIF-1α target but whether and how HIF-1α and BNIP3 cooperate or crosstalk 
to control tumor growth is understudied. A recent report using a breast cancer model (also 
cited in our manuscript, reference 7) investigated in great mechanistic details the role of BNIP3-
HIF-1α axis and found that BNIP3 repressed HIF-1α pro-tumorigenic signaling (by inciting 
mitophagy and inhibition of glycolysis). Here, we provide compelling evidence that instead, 
BNIP3 in melanoma supports HIF-1α signaling. Quite interestingly, these data are very much 
in line with reports in clinical samples that show that in breast cancer BNIP3 is downregulated 
and associated with poor prognosis (4,5) whereas in uveal melanoma (as reported in our 
introduction, lines 92-95, reference 8) as well as in our cutaneous melanoma cohorts, BNIP3 is 
upregulated and associated with poor prognosis. In fact, to our knowledge no study has 
shown that BNIP3 supports HIF-1α pro-tumorigenic activity by keeping PHD2 activity at 
bay. We also are not aware of other studies exploring the role of BNIP3-HIF-1α in melanoma 
growth in vivo.  

15.Reviewer 3’s comment 2: These changes in HIF1a could be traced to increased activity of
the prolyl hydroxylase (PHD2) that targets HIF1 for ubiquitin-mediated degradation. Evidence
is presented examining the role of altered iron homeostasis to account for increased PHD
activity. The question of how altered mitophagy could affect the turnover of HIF1a is interesting
and highly relevant to cancer biology. Hypoxia and the accumulation of inhibitory substrates for
PHDs have been implicated in HIF-mediated tumor formation because oxygen and the
intermediate metabolite 2-oxoglutarate are required for PHD activity. Iron is also a required
cofactor for PHD activity and the availability of cellular iron can affect the activity of PHD in cells
and tissues in vivo. The evidence the authors present here for altered PHD activity is fairly
persuasive and largely rests on the observation of reduced levels of HIFa in BNIP-depleted cells
and tumor tissue. Although the authors try to assert that the relative amounts of hydroxylated
HIF are increased, they don't really show this. Instead, the small amount of detectable OH-HIF



that they detect doesn't really change, only the amount of total HIF. If the authors 
wanted to show more OH-HIF, they would need to block HIF degradation with a 
proteasome inhibitor or a VHL inhibitor. However, the use of mutant HIF1 that cannot be 
hydroxylated does tend to rescue the HIF phenotypes observed in their BNIP3-depleted cells.  

Answer: We thank the Reviewer for highlighting some critical findings of our study. Indeed as 
the Reviewer mentions, the use of mutant HIF-1α that cannot be hydroxylated does tend 
to rescue the HIF-1α phenotype observed in the BNIP3-depleted cells, thereby supporting 
our proposed model that the effects of BNIP3 are mediated by changes in HIF-1α-OH both 
in vitro (rescue of the glycolysis) and most importantly in vivo (rescue of tumor 
growth). Data with proteasomal inhibitors rescuing HIF-1α-OH and HIF-1α levels in BNIP3 
silenced cells are available (see Figure 3 at the end of this rebuttal) and can be added.  

Experimental work proposed: repeat MG132 treatments to be able to show in the same blot 
HIF-1α (hydroxylated and total) as well as VHL recovery after proteasomal blockade (not 
explored in our preliminary data). This was already proposed in the answer to the comment 11 
of Reviewer 2. 

16.Reviewer 3’s comment 3: The authors argue that increases in intracellular Fe(II) are
responsible for an increase in PHD activity. This would suggest that there is a pool of un-
metallated PHD in the cell. While NCOA4 levels do increase in BNIP3-depleted cells, the
authors have not shown how this could affect iron.

Answer: We humbly disagree and find this Reviewer’s comment. In Fig 5F, I and J we do 
show that silencing NCOA4 in BNIP3 compromised cells, reduces the free iron pool to 
levels of the control cells. Perhaps this critical experiment escaped the Reviewer’s attention. 

17.Reviewer 3’s comment 4: NCOA4 directs ferritin to the lysosome for turnover. That does
not necessarily equate with elevated cytosolic iron. The authors present no data regarding
ferritin levels, which would surely be affected by alterations in NCOA4 that are great enough to
produce elevated intracellular iron. What happens to ferritin?

Answer. We have checked levels of ferritin light chain (FTL), and it is indeed degraded by 
ferritinophagy, as indicated by the NCOA4 rescue upon BafA treatment (see Figure 4 at the 
end of this rebuttal) and we can also see a higher rescue for FTL in the shBNIP3 condition, 
hereby supporting our idea that shBNIP3 promotes ferritinophagy. We should be aware, though, 
that HIF-1α can also transcriptionally modulate ferritin light chain (12)(ref) and that cytosolic 
ferritin can also be degraded by the proteasome (13), which add additional levels of complexity 
to this loop. 

Experimental work proposed: add FTL to the representative blots of ferritinophagy, explore 
the proteasomal degradation of FTL with MG132 inhibition as well as FTL transcriptional levels 
on qPCR. 

18.Reviewer 3’s comment 5: Can these effects on PHD be mimicked by simply adding iron to
the culture medium or animal chow? The ferroOrange reagent needs some additional controls



before these data regarding iron can be reliably interpreted. Furthermore, it is more 
likely that only cytosolic iron (II), rather than total intracellular iron, is changed with 
BNIP3 knockdown. But the authors have not measured this.  

Answer: We thank the reviewer for his/her constructive comments. However, adding iron would 
not reveal further the BNIP3-PHD2 link since BNIP3 compromised cells already display higher 
intracellular iron. Adding iron to WT cells will probably affect PHD2 activity but would not tell us 
more on the mechanism mediated by BNIP3. 

Experimental work proposed: We plan to measure the Fe2+/Fe3+ ratio by quantitative CE-ICP-
MS analysis (14). This “state of the art” quantitative methodology will confirm the increase in the 
total pool of free iron and provide quantitative measurement of the Fe2+/Fe3+ ratio in these 
melanoma cells. 

19.Reviewer 3’s comment 6: What remains poorly addressed is why the levels of PHD2
increase in BNIP-depleted cells. This effect is clear in Fig. 5A, but less so in Fig. 5E. This effect
may have nothing to do with iron availability, but instead reflect a more direct effect on PHD
turnover.

Answer: The effect of PHD2 turnover can be easily checked experimentally. 

Experimental work proposed: We plan to explore PHD2 protein turnover upon BafA 
(lysosomal degradation) or MG132 (proteasomal degradation) treatment in the shCntl and 
shBNIP3 cell lines.  

20.Reviewer 3’s comment 7: In short, the evidence that intracellular iron is increasing the
activity of PHD is weak, although the evidence that HIF reduced in clear and the change in PHD
activity is a reasonable explanation, although not directly demonstrated.

Answer: As already commented, the knockdown of NCOA4 recovered iron levels in BNIP3 
compromised cells and partially rescued HIF-1α levels (figures 5I-J of the submitted 
manuscript). However, to satisfy Reviewer’s 3 curiosity, we plan to provide further evidence 
about the link iron-PHD2.  

Experimental work proposed: As already proposed in the comment 19 to Reviewer 3, we plan 
to provide further evidence about the link iron-PHD2 by further co-IP experiments, expression 
of BNIP3 mutants, using iron chelator strategies and by measuring Fe2+/Fe3+ ratio in BNIP3 
silenced cells. 

21.Reviewer 3’s minor comment 1: Why is LC3-II so abundant after BNIP depletion in Fig.
2F, there is much less LC3-II in the images in Fig. 3A?

Answer: We believe we would be able to effectively answer this minor concern. The image in 
Figure 3A represents one plane of a z-stack confocal image whereas Figure 2F is standard 
widefield fluorescence microscopy (see answer and proposed work to the comment 3 from 
Reviewer 1). 



22.Reviewer 3’s minor comment 2: The increase in NCOA4 after bafilomycin
treatment is clear, but why does it go up more in baf-treated BNIP knockdown? Is BNIP sending
NCOA4 to the proteasome? Would proteasome inhibition make any of this clearer?

Answer: The increase in NCOA4 seen in the BNIP3 knockdown is indicative of an increased 
ferritinophagic flux. We believe that BNIP3, through NCOA4 binding, limits its engagement in 
ferritinophagy. When BNIP3 is absent (shBNIP3 condition), then NCOA4 is free to engage in 
ferritinophagy. Perhaps this critical information escaped the Reviewer’s attention. Since we will 
be including MG132 treatments in our experimental plan (see experimental plan proposed to 
comment 17, which comments a similar phenomenon for FTL), we can always check for NCOA4 
degradation as well. 

Figures for referees removed
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Rebuttal to Reviewer 1 comments: 

1. Reviewer 1’s comment 1: Most problematic issue is that the regulation as well as detail

molecular mechanism of the NCOA4-mediated ferritinophagy by BNIP3 are unclear. The 

authors should investigate the timing and the way that BNIP3 binds to NCOA4. What factor(s) 

controls the interaction? Why does the constitutive binding occur in melanosome? Is the BNIP3 

bound to NCOA4 able to act as a mitophagy adaptor? Is the NCOA4 bound to BNIP3 unable to 

serves as a ferritin adaptor? If so, the mechanism? Is the negative regulation of NCOA4-

mediated ferritinophagy by BNIP3 general, or specific in melanosome? The authors should 

show the (mitochondrial) localization of NCOA4 in melanosome. 

Answer. We appreciate Reviewer 1’s comments and questions. It should be noted that NCOA4 

was coined as a ferritinophagy receptor in 2014, when two independent studies reported the 

ability of NCOA4 to bind LC3, hereby targeting ferritin for lysosomal degradation (Mancias et al, 

2014; Dowdle et al, 2014). Since then, different groups have been making great efforts to 

understand how NCOA4-mediated ferritinophagy works, what are the stress pathways 

triggering ferritinophagy or the involvement of components of the autophagic or proteasomal 

machinery. However, only very limited knowledge on the molecular mechanisms regulating 

ferritinophagy is currently available. We are quite excited therefore by the finding that BNIP3 is 

a novel interactor of NCOA4. Our data suggest that BNIP3-NCOA4 binding limits the 

engagement of NCOA4 in ferritinophagy in melanoma cells, thereby restricting PHD2-mediated 

hydroxylation activity. 

However, we feel that addressing the full mechanistic underpinnings of the BNIP3-mediated 

control of ferritinophagy and its cross-talk with mitophagy, as the Reviewer 1 asks, is a full study 

on its own, the extent of which is clearly beyond the scope of this work. Moreover, there are 

several questions raised by the Reviewer 1 that remain rather unclear to us, more in particular 

related to the interaction between BNIP3 and NCOA4 in the melanosomes. This is puzzling to 

us since we do not show, nor we claim, the specific involvement of melanosomes in the BNIP3-

mediated effects on ferritinophagy or HIF-1α signaling.  

Since we share Reviewer 1’s curiosity about the interaction between BNIP3 and NCOA4, we 

still tried to shed some extra light into the molecular mechanisms involved in this interaction. 

For this reason, we generated new shBNIP3 cell lines where we reintroduced (through lentiviral 

transduction) either murine (myc-tagged) BNIP3 full length (BNIP3FL) or a mitophagy-defective 

(Kanzawa et al, 2005; Prabhakaran et al, 2007) BNIP3 mutant (BNIP3deltaTM) in the shBNIP3 

cell lines. Co-immunoprecipitation from lysates of BNIP3-FL and BNIP3deltaTM expressing 

cells showed that both BNIP3 proteins were able to bind NCOA4 (Rebuttal Figure 1A, see below 

22nd Dec 20202nd Authors' Response to Reviewers



this answer), identifying the cytosolic domain of BNIP3 as the domain mediating the interaction 

with NCOA4. Further analysis of the subcellular localization of both BNIP3-FL and 

BNIP3deltaTM by subcellular fractionation that segregated the cytosolic from the mitochondrial 

cellular compartments (Rebuttal Figure 1B-C, see below this answer), showed that BNIP3-FL 

is enriched in the mitochondrial fraction as expected, alike the endogenous BNIP3 from the 

shCntl control. However, the truncated mutant BNIP3deltaTM, despite being enriched in the 

cytosolic fraction, was still detectable in the mitochondrial fraction as well, both in basal and 

BafA treated conditions (Rebuttal Figure 1B-C, see below this answer). The presence of 

BNIP3deltaTM in the mitochondrial fraction could be caused by the interaction of BNIP3 with 

other mitochondrial proteins through its cytosolic domain, thereby explaining its partial 

localization to the mitochondria. An example of these putative interactors could be the NIX-

MIEAP complex, which binds to BNIP3 through the BNIP3’s cytosolic region but the whole 

complex is located at the outer mitochondrial membrane (Nakamura et al, 2012). This 

unexpected finding did not allow us to separate completely the mitochondrial versus the non-

mitochondrial action of BNIP3, and clearly requires a more detailed characterization of the 

molecular effects of BNIP3deltaTM in melanoma cells that unfortunately we were not able to 

carry out during the 3 months-period allocated for the revision. 

We then chose to prioritize the set of experiments suggested by the reviewers themselves. To 

address the effect of the re-expression of BNIP3 (please note that the overexpression of BNIP3 

can also be toxic to the cells (Prabhakaran et al, 2007; Kanzawa et al, 2005), so we did not 

pursue this strategy) on HIF-1α and glycolysis requested by Reviewer 2 (comment 3), we used 

the aforementioned shBNIP3 cells where we re-expressed BNIP3-FL. However, we only 

succeeded in rescuing the endogenous level of BNIP3 to a partial extent (Figure S3A-B of the 

revised manuscript). The exact reasons for the lack of full recovery are not completely clear and 

could be due to residual activity of the shRNA against the mutated BNIP3-FL and/or to an 

increased susceptibility of the myc-tagged BNIP3-FL mutant to proteasomal degradation, since 

BNIP3 steady state levels are controlled by both the lysosome (via mitophagy, see Figure 

EV2D) but also by the proteasome, and BNIP3-FL has been shown indeed to be targeted to 

and degraded by the proteasome (Park et al, 2013) (Rebuttal Figure 1D, see below this answer). 

In spite of this, partial recovering of BNIP3 expression in the shBNIP3 cells proportionally 

rescued HIF-1α levels and reduced its hydroxylation (Figure S3B of the revised manuscript), to 

a similar degree. Together with the co-IP experiments shown below confirming the NCOA4 

binding to BNIP3-FL (and the mutant) and the new determination of the effects of BNIP3 on the 

cytoplasmic Fe2+/Fe3+ ratio (see new Figure 6) that are mediated by NCOA4, we hope to have 



convinced the reviewer that the effects of loss of BNIP3 on HIF-1 signaling in 

melanoma are specific and involve a new BNIP3-NCOA4 regulatory axis, which 

deserves to be fully explored in future studies.   

2.Reviewer 1’s comment 2: Another serious problem is the metabolome analyses. Are the 

data statistically significances? In particular, the tracer experiments with 13C-glucose in this 

manuscript did not support the author's claim at all. 

Answer. Answer. We appreciate the Reviewer 1’s remarks. We would also like to highlight 

that our manuscript contains, several complementary readouts based on Seahorse and 1H-

NMR analysis (Figure 3D-E-F-G and Figure S2 together), that show how melanoma cells 

with defective BNIP3 expression accumulate glucose and produce and secrete lower 

levels of lactate, both readouts of impaired glycolysis.   

Secondly, we apologize for the confusion regarding the 13C-glucose tracer experiment, as it 

was not properly stated in the text that it referred to steady state labelling (see now lines 

225-232). We now run 4 additional 13C labelling experiments (total of 7), which all clearly and 

significantly show that the amount of lactate labelled (m0+3) from 13C labeled glucose is 

significantly reduced in shBNIP3 cells when compared to both shCntl and shATG5 

conditions. These data thus indicate that less glucose is contributing to lactate production, 

as expected from cells with impaired glycolysis.  Together with the reduced secretion of 

lactate these results confirm that in BNIP3 deficient cells glucose that enters glycolysis, is 

not efficiently converted into lactate because of the downregulation of in the levels of 

glycolytic enzymes, catalyzing its conversion. We hope that with the additional metabolomics 

experiments (Figure 3E-H, EV4C-D, S2C of the revised manuscript), the adapted 

representation of the labelling data (Figure 3E of the revised 

Figure for referees removed



manuscript) and the rephrased explanation in the main text (lines 225-232), we 

have clarified the metabolic effect of shBNIP3 in melanoma cells.  

3.Reviewer 1’s comment 3: In Figure 2F, how does loss of BNIP3 increase autophagy-flux?

In Figure 3A, the number of GFP-LC3 puncta in BNIP3-depleted cells was comparable to that 

in control cells, which was inconsistent with the data presented in Fig. 2F. The LC3B-positive 

structures shown in Fig. 2F (BNIP3KD) are too large, and they seem not to be autophagosomes. 

Answer. This is an interesting point and we thank the Reviewer for raising this question. 

Because of the accumulation of LC3B-I and LC3B-II in the shBNIP3 condition, we suspected 

that LC3B upregulation was elevated at the transcriptional level. Indeed, we confirmed 

transcriptional upregulation of the autophagy mediators LC3B (Map1lc3b) and p62 (Sqstm) in 

the shBNIP3 condition in vitro (Figure EV1G of the revised manuscript) and in vivo (Figure 2H 

of the revised manuscript), thereby sustaining the higher autophagy capacity observed in the 

shBNIP3 cells. Since both LC3B and p62 have been described as targets of TFEB in murine 

cells (Wang et al, 2019), we also checked TFEB protein levels and indeed, higher TFEB protein 

levels were also observed in shBNIP3 cells in vitro (Figure EV1H of the revised manuscript). 

The transcriptional upregulation of LC3B can easily explains the differences in puncta number 

between Figure 3A and Figure 2F (now figure 2G in the revised manuscript), since Figure 3A 

was performed with a GFP-LC3 plasmid whereas the tissue staining was performed through 

antibody-based immunohistochemistry, as detailed in the methods section. As a technical note, 

we tried the same antibody in immunocytochemistry for the colocalization with unsuccessful 

results. For this reason, we decided to use the tagged plasmid for the colocalization (Figure 3A). 

While the tissue staining in Figure 2F (now figure 2G) displays the endogenous LC3B levels in 

the three conditions, the expression of GFP-LC3 through a plasmid is driven by a constitutive 

promotor sequence that will not reflect changes in endogenous levels of LC3B. It should also 

be noted that, because of the transient transfection, the plasmid might not be always expressed 

to the same extent in all the cells, causing variability in the absolute number of autophagosomes: 

for this reason, we express our colocalization results as a percentage of autophagosomes 

colocalizing and not absolute numbers of autophagosomes. 

Regarding the size of the autophagosomes, we thank the Reviewer’s for the remark. The 

differences between the two images are the result of the different microscopes used for their 

imaging: Figure 3A represents one plane of a z-stack confocal image whereas the original 

Figure 2F is standard widefield fluorescence microscopy. To address this concern, we imaged 

the LC3B-stained tumors with a confocal microscope and the representative images are shown 

in the new version of Figure 2F (now figure 2G).  



4.Reviewer 1’s comment 4: NCOA4 is mainly degraded by macroautophagy, and BNIP3-

mediated mitophagy is dependent on macroautophagy. Nevertheless, the amount of NCOA4 in 

ATG5-deleted cells (defective both mitophagy and NCOA4-turnover) was comparable to that in 

control cells (Fig. 5). Why? 

Answer. We appreciate the Reviewer #1’s observation and it may have escaped to Reviewer’s 

attention that this very relevant point was already addressed in our submitted manuscript: both 

in the results section (lines 327-338 of the original manuscript, now lines 361-373) and in the 

discussion section (lines 490-504 of the original manuscript, now lines 526-540), reporting data 

from the following references (Santana-Codina & Mancias, 2018; Mejlvang et al, 2018; Goodwin 

et al, 2017) also in the original manuscript. 

As already commented above, NCOA4-mediated ferritinophagy is a very novel selective 

autophagy pathway. Our data shows that treatment with the lysosomal blocker BafA recovers 

NCOA4 levels and in the case of shBNIP3, NCOA4 is degraded in the lysosome to a higher 

extent than in shCntl and shATG5 conditions, suggesting that this effect might be independent 

of ATG5. Recent studies (that were mentioned and discussed in our submitted manuscript) have 

highlighted that NCOA4 can also be degraded through different autophagic pathways. 

Addressing why ATG5 is not involved in the NCOA4 turnover is a matter of future more 

mechanistic studies (as we state in the discussion), which goes beyond the main message of 

this manuscript, showing that HIF-1α is controlled by BNIP3 through pathways that are not 

phenocopied by ATG5. 

5.Reviewer 1’s comment 5: In Fig. S2D, quantification is needed

Answer. Following the Reviewer #1’s kind suggestion, we incorporated the quantification 

(Figure EV1E of the revised manuscript) corresponding to figure S2D (now Figure EV1D of the 

revised manuscript). 
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Rebuttal and experimental plan with respect to Reviewer 2 comments: 

6. Reviewer 2’s initial comment: In this manuscript, Vara-Perez et al. have investigated the

role of BNIP3 in melanoma tumor cell growth. They provide evidence that increased BNIP3 

expression correlates with poorer patient survival and that BNIP3 depletion decreases HIF-1 

expression and HIF-dependent glycolysis via altered intracellular iron levels which impacts 

tumor growth. The authors conclude that their study identifies a new and unexpected role for 

BNIP3 in the regulation of HIF. A number of previous studies have identified a role for BNP3 in 

tumor progression and BNIP3 expression has previously been shown to be a heavily HIF-

dependent. While there is a good case for investigating the interactions between BNIP3 and 

HIF-1alpha, their interaction in the context of cancer has been well studied detracting somewhat 

from the novelty of this study which lies mainly in the demonstration of BNIP3-dependent HIF 

activity. 

Answer. While we agree with the Reviewer 2’s comment about existing literature on the 

contextual role of BNIP3 in cancer, we respectfully disagree with the view that this has been 

studied in the context of HIF-1α signaling. Clearly, BNIP3 is a known HIF-1α target, but whether 

and how HIF-1α and BNIP3 cooperate or crosstalk to control tumor growth is understudied. A 

recent report using a breast cancer model ((Chourasia et al, 2015), also cited in our submitted 

manuscript) investigated in great mechanistic details the role of BNIP3-HIF-1α axis and found 

that BNIP3 repressed HIF-1α pro-tumorigenic signaling (by inciting mitophagy and inhibition of 

glycolysis). Here, we provide compelling evidence that, BNIP3 by regulating ferritinophagy in 

normoxic melanoma cells, is upstream to HIF-1α signaling instead. Quite interestingly, these 

data are very much in line with reports in clinical samples that show that in breast cancer BNIP3 

is downregulated and associated with poor prognosis (Chourasia et al, 2015; Vara-Perez et al, 

2019) whereas in uveal melanoma (as reported in our introduction, lines 96-99, reference (Jiang 

et al, 2018)) as well as in our cutaneous melanoma cohorts, BNIP3 is upregulated and 

associated with poor prognosis. In fact, to our knowledge no study has shown that BNIP3 

supports HIF-1α pro-tumorigenic activity by keeping PHD2 activity at bay. We also are not aware 

of other studies exploring the role of BNIP3-HIF-1α in melanoma growth in vivo.  

7. Reviewer 2’s comment 1: In Figure 1C and 1D, how is the BNIP3 stained? What is the

colour of the BNIP3 staining versus the background H&E stain? It is difficult to discern the 

BNIP3-specific staining on these tissues. Overall, figure 1 is quite descriptive and adds little in 

the way on new insight as the association of high BNIP3 levels and low cancer survival is known. 



Answer. For the procedure of staining, we refer to our methods section (lines 883-

895 of the submitted manuscript, now lines 953-965 of the revised manuscript). As 

stated in the methods, these tissues have not been counterstained; therefore, everything 

highlighted as pink/red is BNIP3 specific staining. 

Regarding the descriptiveness of the figure, other retrospective studies have shown similar 

procedures to investigate BNIP3 in cancer patient samples (3) and this TCGA analysis was also 

performed by Chourasia and co-workers in breast cancer patients, where a positive correlation 

between BNIP3 levels and improved patient’s survival was found ((Chourasia et al, 2015). To 

our knowledge, only one study has explored BNIP3 levels in a cutaneous melanoma cohort 

(Buart et al, 2017), as part of a hypoxic signature and related to PD-1 treatment in a small patient 

cohort (n=19). Therefore, we believe that the patient data that we show here is novel and 

relevant for melanoma, and further supports the contextual role of BNIP3 in different cancer 

types. 

8. Reviewer 2’s comment 2: The effects of BNIP3 KD on tumor volume in Fig 2B is impressive.

The authors do not address the apparently striking impact of BNIP3KD on the rate of tumor cell 

death (Fig 2D). This does not tally with a protective effect of BNIP3 KD in terms of tumor growth. 

Can the authors look at another measure of tumor cell apoptosis to further investigate 

significance of this. 

Answer. We appreciate the Reviewer #2’s comment. In figure 2D we show that overall cell 

death (necrotic) area in shBNIP3 tumors is reduced. This is in line with the reports that high 

BNIP3 levels within the tumor, especially associated with hypoxia, promote cell death (Mellor & 

Harris, 2007) and therefore, removing BNIP3 from melanoma cells might have a small protective 

effect. When we performed the staining of cleaved Caspase 3 (a known apoptotic marker) in 

the tumor sections, we could observe a very subtle (yet statistically significant) increase in the 

number of positive cells per field (see Rebuttal Figure 3 for the Reviewer 2, below this answer). 

However, the drastic drop in cell proliferation seen in shBNIP3 tumors, from 64% to 25% as 

measured by Ki67 positive staining (Figure 2E of the revised manuscript, for which now we 

added a representative image, see figure 2F of the revised manuscript), points towards the drop 

in proliferation as the major cause behind the reduced ability of shBNIP3 cells to grow in vivo. 

Because of the very subtle changes in cleaved caspase 3 tumoral staining, we believe that the 

inclusion of these data in the main manuscript is of little added value, and hence we suggest to 

not add it. 



9. Reviewer 2’s comment 3: The data presented in Figure 3A is largely confirmatory of 

previous work. Some of the metabolomic data is not very convincing. For example, the 

reported trend towards reduction in extracellular acidification rate in shBNIP3 cells reported in 

Figure 3D is not at all clearly different from control (even though an unlikely statistical 

significance is reported). The authors conclude from their BNIP3 KD experiments that 

BNIP3 promotes glycolysis. Is the converse true? Does overexpressing BNIP3 induce an 

increase in glycoloysis. 

Answer. We consider the Reviewer 2’s remark. We respectfully disagree with the Reviewer 

comment that “The data presented in Figure 3A is largely confirmatory of previous work”. The 

canonical pro-autophagic role of BNIP3 -as described in breast cancer- posits that BNIP3 by 

stimulating mitophagy keeps mitochondria-ROS levels down, thus impairing HIF-1α 

stabilization 

Figure for referees removed



and glycolysis -rather than promoting it- as we report here (Chourasia et al, 2015). Indeed, here 

we show that, when BNIP3 is silenced, mitochondria are forced to respire (even if unhealthily) 

because the glycolytic pathway is transcriptionally downregulated by the reduced levels of HIF-

1α. We further discovered that this ‘unconventional’ role of BNIP3 is explained by the elevation 

in the Fe2+/Fe3+ ratio of melanoma cells lacking BNIP3, which then fostered PHD2-mediated 

HIF-1α downregulation. To our knowledge, the ability of BNIP3 to maintain the free iron pool by 

interacting with the ferritinophagy receptor NCOA4 has never been reported before. We believe 

that the unprecedented mechanism through which BNIP3 controls melanoma growth, unraveled 

by our study, helps shedding new light on BNIP3- HIF-1α axis in cancer and delineates BNIP3 

as a potential biomarker of early melanoma progression. 

Following the Reviewer 2’s kind suggestion, we repeated the Seahorse ECAR experiments to 

reduce the standard deviation among experiments (see updated Figure 3D in the revised 

manuscript). Moreover, and as already mentioned in the answer to Reviewer1’s comment 2, we 

also performed additional Seahorse and GC-MS metabolomics experiments to be able to pull 

the GC-MS data in a single graph (see updated Figure 3D and 3H in the revised manuscript). 

To address Reviewer’s 2 question regarding BNIP3 overexpression, by using a lentiviral vector 

approach we introduced a murine (myc-tagged) BNIP3 full length (BNIP3-FL) construct in the 

BNIP3 silenced cells (see Figure S3A-B of the revised manuscript), resulting in a partial rescue 

of the endogenous BNIP3 protein levels. It should be noted that we did not pursue 

overexpression of BNIP3 in wild type cells as a strategy, since forcing BNIP3 expression to a 

higher extent has been shown to be lethal for the cells (Prabhakaran et al, 2007; Kanzawa et 

al, 2005), due to enforcing the BNIP3 pro-death activity.  

We only succeeded in rescuing the endogenous level of BNIP3 to a partial extent (Figure S3A 

of the revised manuscript). The exact reasons for the lack of full recovery are not completely 

clear and could be due to residual activity of the shRNA against the mutated BNIP3-FL or to an 

increased susceptibility of the myc-tag BNIP3-FL mutant to proteasomal degradation, since 

BNIP3 steady state levels are controlled by both the lysosome (via mitophagy, figure EV2D of 

the revised manuscript ) but also by the proteasome (Park et al, 2013) (Rebuttal figure 1D, 

above this answer). In spite of this, partial recovering of BNIP3 expression in the shBNIP3 cells 

proportionally rescued HIF-1α levels (by approx. 30%) and reduced its hydroxylation (Figure 

S3B of the revised manuscript), to a similar degree.  



10.Reviewer 2’s comment 4: In Figure 4A, does BNIP3 KD also affect HIF-2alpha

expression (the isoform more usually associated with cancer). The data in figure 

4B should be quantified. Does BNIP3 overexpression enhance HIF-1/2 expression? 

Answer: Preliminary data in B16-F10 cells under basal conditions showed that knocking down 

BNIP3, but not ATG5, downregulates also HIF-2α protein levels (see Rebuttal Figure 4, below 

this answer). This effect is associated with a corresponding downregulation of cyclin D1 in vitro 

(Rebuttal Figure 4A), one of the HIF-2α main targets (Gordan et al, 2007). As in the case of 

HIF-1α, decreased protein levels of HIF-2α in BNIP3 silenced cells are not explained by an 

effect on Hif2a mRNA level, while the reduced protein levels of cyclin D1 are accompanied by 

a significant reduction in the transcript levels of this HIF-2α target, thus suggesting that BNIP3 

loss also affect HIF-2α signaling (Rebuttal Figure 4B).  

However, in contrast to HIF-1α, we did not find evidence for a decrease in the expression of the 

HIF-2α target cyclin D1 from tumor extracts (Rebuttal Figure 4C), suggesting that -at least in 

vivo- BNIP3 mainly affects HIF-1α signaling. We thus believe that showing these in vitro data in 

the main manuscript would distract from the main message of the manuscript.  



11.Reviewer 2’s comment 5. The data demonstrating increased HIF hydroxylation in BNIP3 

depleted cells could be strengthened by for example using a hydroxylation (CO2-release) 

assay or mass spectrometry. Furthermore, the authors should demonstrate the effects of 

BNIP 
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expression levels on HIF ubiquitination by the pVHL protein as this is key to it's 

post-translational stability.  

Answer: We thank the Reviewer for his/her comment. We have indeed data confirming the 

classical pathway of PHD-mediated HIF-1α degradation through HIF-1α ubiquitination and 

proteasomal degradation, which we have now added to the main manuscript (see Figure S3E 

of the revised manuscript). We then as suggested also checked total pVHL levels (see Rebuttal 

Figure 5, below this answer). However, since no significant changes in pVHL levels could be 

observed and blocking the proteasome rescued HIF-1α but not its transcriptional activity (as 

shown by LDHA levels), we decided not to include it so that we would not overwhelm the reader 

with additional information.  

12.Reviewer 2’s comment 6: The authors focus on the impact of BNIP3 on iron content as a 

link to HIF-1alpha stabilization. In Figure 3C, knockdown of BNIP3 appears to increase OCR 

which would result in less oxygen being available in the cell which would favour HIF 

stabilization. Have the authors considered this as a possible contributory link between BNIP3 

and HIF-1alpha stabilization (similar to the mechanism propose din Hagen et al, Science 

2003). 

Answer: This is an interesting remark. However, in our model and despite the increased OCR, 

BNIP3 silenced cells display less HIF-1α stabilization/levels, not increased HIF-1α levels. 

Therefore, the proposed mechanism -which we are aware of- does not seem to explain the 

BNIP3 phenotype we observe in melanoma cells. BNIP3 silencing indeed increases OCR 

(while other studies show the opposite, (Chourasia et al, 2015)) and also increases PHD2 

activity  
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thereby favoring HIF-1α destabilization, and both phenotypes have been linked in literature with 

an increase in intracellular iron (Walter et al, 2002), which we also have upon BNIP3 silencing. 

13.Reviewer 2’s Minor point 1: In "the paper explained", the authors refer to HIF-1 as an

oncoprotein. Many patients are receiving hydroxylase inhibitors which stabilize and activate the 

HIF` pathway, however there is no evidence for increased melanoma growth in these patients. 

It is possibly an oversimplification to render HIF an oncoprotein. The authors could consider this 

point.  

Answer: We thank the Reviewer for highlighting this point. It is true that HIF-1α has not been 

described as an initiating event in many cancer types (except in renal cancer, where it has been 

associated with a loss of pVHL), but several studies have correlated high HIF signaling with 

poor prognosis (Pezzuto & Carico, 2018; Schito & Semenza, 2016), therefore our use of 

‘oncoprotein’ (especially in a section aimed to non-scientific public) but considering all the 

effects described for HIF-1α (as well comparing HIF-1α vs HIF-2α), we agree that it is definitely 

an oversimplification.  

This revised manuscript, unless we are told otherwise by the editorial board, does not include 

“the paper explained” section because it was meant for EMBO Molecular Medicine and not for 

The EMBO Journal.  



Rebuttal and experimental plan with respect to Reviewer 3 comments 

14.Reviewer 3’s comment 1: In this manuscript the authors examine the role of BNIP3 in

melanoma. BNIP3 is a protein associated with the mitochondrial outer membrane and functions 

as a cargo receptor for mitophagy. BNIP3 has been identified as having a role in the progression 

of various forms of cancers, presumably through it activity in promoting mitophagy. Multiple 

types of cancers have been found to depend on mitophage and autophagy to maintain their 

metabolism in changing cancer environments. Here the authors present evidence that higher 

levels of BNIP3 are associated with reduced survival time in patients with melanoma. Using in 

vitro and in vivo mouse models of melanoma, the authors show that tumor growth is specifically 

reduced when expression of BNIP3 is reduced and that depletion of BNIP3 is associated with 

metabolic changes and altered mitochondrial energy metabolism. Previous studies have shown 

that BNIP3 is both responsive to changes in HIF1a activity and promotes HIF1a activity that can 

account for the metabolic changes observed. Here the authors confirm that HIF1a levels and 

activity are reduced in melanoma cells depleted of BNIP3.  

Answer: To our knowledge this evidence has not been shown before, thus it cannot be 

confirmatory. As explained above (see the answer to the comment 6 from Reviewer 2), while 

there is existing literature on the contextual role of BNIP3 in cancer, we respectfully disagree 

with the view that this has been studied in the context of the HIF-1α signaling. Clearly, BNIP3 

is a known HIF-1α target, but whether and how HIF-1α and BNIP3 cooperate or crosstalk to 

control tumor growth is understudied. A recent report using a breast cancer model (also cited in 

our submitted manuscript, (Chourasia et al, 2015) investigated in great mechanistic details the 

role of BNIP3-HIF-1α axis and found that BNIP3 repressed HIF-1α pro-tumorigenic signaling 

(by inciting mitophagy and inhibition of glycolysis). Here, we provide compelling evidence that, 

BNIP3 by regulating ferritinophagy in normoxic melanoma cells, is upstream to HIF-1α signaling 

instead. Quite interestingly, these data are very much in line with reports in clinical samples that 

show that in breast cancer BNIP3 is downregulated and associated with poor prognosis (Vara-

Perez et al, 2019; Chourasia et al, 2015) whereas in uveal melanoma (as reported in our 

introduction, lines 96-99,(Jiang et al, 2018)) as well as in our cutaneous melanoma cohorts, 

BNIP3 is upregulated and associated with poor prognosis. In fact, to our knowledge no study 

has shown that BNIP3 supports HIF-1α pro-tumorigenic activity by keeping PHD2 activity at bay 

through a mechanism involving the intracellular iron pool. We also are not aware of other studies 

exploring the role of BNIP3-HIF-1α in melanoma growth in vivo.  



15.Reviewer 3’s comment 2: These changes in HIF1a could be traced to

increased activity of the prolyl hydroxylase (PHD2) that targets HIF1 for ubiquitin-

mediated degradation. Evidence is presented examining the role of altered iron homeostasis to 

account for increased PHD activity. The question of how altered mitophagy could affect the 

turnover of HIF1a is interesting and highly relevant to cancer biology. Hypoxia and the 

accumulation of inhibitory substrates for PHDs have been implicated in HIF-mediated tumor 

formation because oxygen and the intermediate metabolite 2-oxoglutarate are required for PHD 

activity. Iron is also a required cofactor for PHD activity and the availability of cellular iron can 

affect the activity of PHD in cells and tissues in vivo. The evidence the authors present here for 

altered PHD activity is fairly persuasive and largely rests on the observation of reduced levels 

of HIFa in BNIP-depleted cells and tumor tissue. Although the authors try to assert that the 

relative amounts of hydroxylated HIF are increased, they don't really show this. Instead, the 

small amount of detectable OH-HIF that they detect doesn't really change, only the amount of 

total HIF. If the authors wanted to show more OH-HIF, they would need to block HIF degradation 

with a proteasome inhibitor or a VHL inhibitor. However, the use of mutant HIF1 that cannot be 

hydroxylated does tend to rescue the HIF phenotypes observed in their BNIP3-depleted cells. 

Answer: We thank the Reviewer for highlighting some critical findings of our study. Indeed, as 

the Reviewer mentions, the use of mutant HIF-1α that cannot be hydroxylated (HIF-1α-AA) 

rescues the HIF-1α phenotype observed in the BNIP3-depleted cells (data shown now in 

Figures 7 and EV5 of the revised manuscript), thereby supporting our proposed model that the 

effects of BNIP3 are mediated by changes in HIF-1α-OH both in vitro (rescue of the glycolysis) 

and most importantly in vivo (rescue of tumor growth). Moreover, data with the proteasomal 

inhibitor MG132 rescuing HIF-1α-OH and HIF-1α levels in BNIP3 silenced cells are available 

and have been added to the revised manuscript (Figure S3E). 

16.Reviewer 3’s comment 3: The authors argue that increases in intracellular Fe(II) are

responsible for an increase in PHD activity. This would suggest that there is a pool of un-

metallated PHD in the cell. While NCOA4 levels do increase in BNIP3-depleted cells, the 

authors have not shown how this could affect iron.  

Answer: We respectfully disagree with the Reviewer’s comment. In the original manuscript, 

Figures 5F, I and J (now figures 6A, EV4J and 6F of the revised manuscript) already showed 

that silencing NCOA4 in BNIP3 compromised cells reduces the free iron (Fe2+) pool to levels of 

the control cells. Perhaps this critical experiment escaped the Reviewer’s attention. Moreover, 

in this revised version of our study, we have added more compelling data using the very 



sensitive high-end CE-ICP-MS analysis (Michalke et al, 2019). This quantitative 

analysis, allowing the determination of the Fe2+/Fe3+ speciation analysis, clearly 

showed that the Fe2+/Fe3+ ratio is dramatically elevated in BNIP3 silenced cells (but not after 

ATG5 silencing, see figure 6B and Table S4 of the revised manuscript). Moreover, this elevation 

in Fe2+/Fe3+ ratio is completely abolished by the knock down of NCOA4 in the BNIP3 depleted 

cells (see Figure 6E and Table S5 of the revised manuscript). These new results, together with 

the co-IP revealing the interaction between BNIP3 and NCOA4 (originally Figure 5H, now figure 

6D of the revised manuscript), are not only in line with our previous data using the Fe2+ specific 

dye FerroOrange (now Figures 6A and EV4J of the revised manuscript), but further proves that 

the effects of BNIP3 on the intracellular iron pool are strongly dependent of NCOA4-mediated 

ferriitinophagy. 

17.Reviewer 3’s comment 4: NCOA4 directs ferritin to the lysosome for turnover. That does

not necessarily equate with elevated cytosolic iron. The authors present no data regarding 

ferritin levels, which would surely be affected by alterations in NCOA4 that are great enough to 

produce elevated intracellular iron. What happens to ferritin?  

Answer. We thank the reviewer for this question. We checked the levels of ferritin light chain 

(FTL) and, upon BafA treatment (see Figure 6C of the revised manuscript), we can also see a 

higher rescue for FTL in the shBNIP3 condition, in line with the NCOA4 data, hereby supporting 

our idea that shBNIP3 promotes ferritinophagy. It should be noted that ferritin can also be 

degraded by the proteasome (De Domenico et al, 2006; Gammella et al, 2020; Du et al, 

2019).The fact that FTL levels are lower upon BafA than in the untreated condition can be 

explained by studies showing that upon inhibition of lysosomal degradation by BafA, ferritin is 

directed towards the proteasome for degradation (De Domenico et al, 2006; Gammella et al, 

2020; Du et al, 2019), which adds additional levels of complexity to this loop. As already 

mentioned, the FTL data has been incorporated to the main manuscript (Figure 6C, Table S2) 

and the main text has been adapted accordingly (lines 361-373). 

18.Reviewer 3’s comment 5: Can these effects on PHD be mimicked by simply adding iron to

the culture medium or animal chow? The ferroOrange reagent needs some additional controls 

before these data regarding iron can be reliably interpreted. Furthermore, it is more likely that 

only cytosolic iron (II), rather than total intracellular iron, is changed with BNIP3 knockdown. But 

the authors have not measured this.  



Answer: We thank the reviewer for his/her constructive comments. However, adding iron would 

not reveal further the BNIP3-PHD2 link since BNIP3 compromised cells already display higher 

intracellular iron. Adding iron to shCntl cells will probably affect PHD2 activity (and mitochondria 

energetics as well) but would not tell us more on the mechanism mediated by BNIP3. 

As mentioned above in answer to the comment 3 of the Reviewer, we have added more 

compelling data using the very sensitive high-end CE-ICP-MS analysis (Michalke et al, 2019) 

which showed that the Fe2+/Fe3+ ratio is dramatically elevated in BNIP3 silenced cells (but not 

after ATG5 silencing, figure 6B and Table S4 of the revised manuscript) and this elevation is 

completely abolished by the knock down of NCOA4 in the BNIP3 depleted cells (see Figure 6E 

and Table S5 of the revised manuscript). This is in line with our previous data using 

FerroOrange, which only binds Fe2+ (see Figures 6A and EV4J from the revised manuscript). 

19.Reviewer 3’s comment 6: What remains poorly addressed is why the levels of PHD2 

increase in BNIP-depleted cells. This effect is clear in Fig. 5A, but less so in Fig. 5E. This effect 

may have nothing to do with iron availability, but instead reflect a more direct effect on PHD 

turnover. 

Answer: The effect of BNIP3 on PHD2 levels seems to be exerted at the transcriptional level 

(see figure EV4A of the revised manuscript) and PHD2 remained unaffected after proteasomal 

inhibition (see Rebuttal Figure 6, below this answer). While PHD2 has been reported as a HIF-

1α target (Meneses & Wielockx, 2016), in our cancer model it is unlikely that this transcription 

is driven by HIF-1α itself, since HIF-1α is downregulated and HIF-1α reintroduction did not affect 

PHD2 levels (figure EV5C). It remains thus unclear which alternative transcriptional mechanism 

underlies this effect.  
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20.Reviewer 3’s comment 7: In short, the evidence that intracellular iron is increasing the

activity of PHD is weak, although the evidence that HIF reduced in clear and the change in 

PHD activity is a reasonable explanation, although not directly demonstrated.  

Answer: As already commented, the knockdown of NCOA4 recovered iron levels in BNIP3 

compromised cells and partially rescued HIF-1α levels (Figures 5I-J of the submitted 

manuscript, now Figures 6E-F, EV4J and table S4 of the revised manuscript). Moreover, we 

also showed that knockdown of PHD2 recovers HIF-1α levels and transcriptional activity 

(Figures 5E and S6B of the submitted manuscript, now Figures 5F and EV4B of the revised 

manuscript). In the light of all these data, we propose that the effects of BNIP3 silencing on 

HIF-1α are driven by a combination of PHD2 upregulation and the increase in the Fe2+ levels. 

We apologize if this was not clear enough in the main manuscript. 

21.Reviewer 3’s minor comment 1: Why is LC3-II so abundant after BNIP depletion in Fig.

2F, there is much less LC3-II in the images in Fig. 3A? 

Answer. This is an interesting point and we thank the Reviewer for raising this question. 

Because of the accumulation of LC3B-I and LC3B-II in the shBNIP3 condition, we suspected 

that LC3B upregulation was elevated at the transcriptional level. Indeed, we confirmed 

transcriptional upregulation of the autophagy mediators LC3B (Map1lc3b) and p62 (Sqstm) in 

the shBNIP3 condition in vitro (Figure EV1G of the revised manuscript) and in vivo (Figure 2H 

of the revised manuscript), thereby sustaining the higher autophagy levels observed in the 

shBNIP3 cells. Since both LC3B and p62 have been described as targets of TFEB in murine 

cells (Wang et al, 2019), we also checked TFEB protein levels and indeed, higher TFEB 

protein levels were also observed in shBNIP3 cells in vitro (Figure EV1H of the revised 

manuscript). The transcriptional upregulation of LC3B easily explains the differences in 

puncta number between Figure 3A and Figure 2F (now Figure 2G in the revised manuscript), 

since Figure 3A was performed with a GFP-LC3 plasmid whereas the tissue staining was 

performed through antibody-based immunohistochemistry, as detailed in the methods section. 

As a technical note, we tried the same antibody in immunocytochemistry for the 

colocalization with unsuccessful 



results. For this reason, we decided to use the tagged plasmid for the colocalization 

(Figure 3A). While the tissue staining in Figure 2F (now Figure 2G) displays the 

endogenous LC3B levels in the three conditions, the expression of GFP-LC3 through a plasmid 

is driven by a constitutive promotor sequence that will not reflect changes in endogenous levels 

of LC3B. It should also be noted that, because of the transient transfection, the plasmid might 

not be always expressed to the same extent in all the cells, causing variability in the absolute 

number of autophagosomes: for this reason, we express our colocalization results as a 

percentage of autophagosomes colocalizing and not absolute numbers of autophagosomes. 

Regarding the size of the autophagosomes, we thank the Reviewer ’s for the remark. The 

differences between the two images are the result of the different microscopes used for their 

imaging: Figure 3A represents one plane of a z-stack confocal image whereas the original 

Figure 2F is standard widefield fluorescence microscopy. To address this concern, we imaged  

the LC3B-stained tumors with a confocal microscope and the representative images are shown 

in the new version of Figure 2F (now Figure 2G).  

22.Reviewer 3’s minor comment 2: The increase in NCOA4 after bafilomycin treatment is

clear, but why does it go up more in baf-treated BNIP knockdown? Is BNIP sending NCOA4 to 

the proteasome? Would proteasome inhibition make any of this clearer?  

Answer: The increase in NCOA4 seen in the BNIP3 knockdown is indicative of an increased 

ferritinophagy flux. We believe that BNIP3, through NCOA4 binding, limits NCOA4 engagement 

in ferritinophagy. When BNIP3 is absent (shBNIP3 condition), then NCOA4 is more available to 

engage in ferritinophagy. Moreover, following the reviewer’s suggestion, we checked NCOA4 

protein levels after a 6h treatment with the proteasomal inhibitor MG132 (Rebuttal Figure 7, see 

below this answer) and we only detect a subtle NCOA4 accumulation in the presence of the 

proteasomal inhibitor. Of note, NCOA4 levels are very low under basal conditions in B16 cells, 

being this the reason why a BafA treated lysate was included in our IP blot as a reference (see 

figure 6D of the revised manuscript). Together with our data after BafA treatment (Figure 6D, 

EV4H and 7E of the revised manuscript), we can state that NCOA4 is preferentially degraded 

by the lysosome and not by the proteasome in the B16 cells under normoxic conditions. 
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