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1st Editorial Decision

03 August 2016

Thank you for the submission of your research manuscript to our editorial office. We have now
received the enclosed reports on it. As you will see, while referee 3 is rather positive about the
study, the other two reviewers, while considering the results potentially interesting, raise serious
concerns regarding the conclusiveness of the data and pinpoint several technical issues that preclude
a solid interpretation of the experimental evidence provided. All of the reviewers call for a
considerable amount of additional experimentation to resolve these issues, both in vitro but also, and
importantly for our scope, in vivo in a more appropriate model.
Given the nature of these criticisms, the amount of work likely to be required to address them, and
the fact that EMBO Molecular Medicine can only invite revision of papers that receive enthusiastic
support from a majority of referees, I am afraid that we do not feel it would be productive to call for
a revised version of your manuscript at this stage and therefore we cannot offer to publish it.
This said, because of the potential interest of the findings, we would have no objection to consider a
*new* manuscript on the same topic if at some time in the near future you obtained data that would
considerably strengthen the message of the study and address the referees concerns in full. To be
completely clear, however, I would like to stress that if you were to send a new manuscript this
would be treated as a new submission rather than a revision and would be reviewed afresh, in
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particular with respect to the literature and the novelty of your findings at the time of resubmission.
If you decide to follow this route, please make sure you nevertheless upload a letter of response to
the referees' comments.
At this stage of analysis, though, I am sorry to have to disappoint you. I nevertheless hope, that the
referee comments will be helpful in your continued work in this area and I thank you for considering
EMBO Molecular Medicine.
***** Reviewer's comments *****
Referee #1 (Comments on Novelty/Model System):
The work described in the manuscript is interesting and presents ferrochelatase (FECH) as a
possible new druggable target to prevent neovascularization in wet aged-related macular
degeneration. Oral delivery of the drug appears to be as effective, at least in the same order of
magnitude, as intravitreal injection in the laser-induced choroidal neovascularization (L-CNV)
mouse model that was used. One issue that seemed to stand out however, is that although FECH
expression was seen throughout the retinal GCL and ONL layers of human retinas (Fig 3), the LCNV mouse model only addresses the inhibition of FECH expression by intravitreal injection of
FECH siRNA in the choroidal layer. It is not evident how this would translate into clinical
applications to treat human AMD, given the known anatomical differences between the retinal
layers in humans and mice. Also in the same figure, it's not clear how graphs in Fig 3C and Fig 3E
are directly comparable since the graph in Fig 3C appears to be quantified from images showed in
Fig 3B (cross section of the human retina) vs. the graph in Fig 3E is quantified from images shown
in Fig. 3D (whole mount staining of RPE/choroid from L-CNV eyes).
Referee #1 (Remarks):
• An initial paragraph that summarizes the major findings and the referee's overall impressions, as
well as highlighting major shortcomings of the manuscript.
• Specific numbered comments, which may be broken down into major and minor criticisms if
appropriate (numbering facilitates both the editor's evaluation of the manuscript and the authors'
rebuttal to the report).
Overall Review
The studies described in the manuscript entitled, "Ferrochelatase is a therapeutic target for ocular
neovascularization", presents a detailed study in which the authors use a "forward chemical genetic
approach" to find protein targets for cremastranone, a known anti-angiogenic natural product. The
authors used photoaffinity chromatography to isolate cremastranone-bound proteins from tissue
lysates of porcine brain (reason unknown). From this work, they identified 2 proteins, ferrochelatase
(FECH) as well as another protein, which is not discussed further. FECH is the terminal enzyme in
heme biosynthesis and catalyzes the insertion of iron into protoporphyrin IX. Overexpression of
FECH was found in human age-related macular degeneration (AMD) eyes. In vivo studies using a
mouse laser-induced choroidal neovascularization model (L-CNV) showed FECH knockdown or its
inhibition with the oral anti-fungal drug, griseofulvin, reduced choroidal neovascularization and
modulates endothelial nitric oxide function and VEGFR2 expression. The authors concluded from
these studies that FECH is a druggable mediator of angiogenesis whose inhibition could be used
therapeutically to effectively block ocular neovascularization. A model was proposed that shows
how the production of heme by FECH in the mitochondria affects eNOS, HIF1α and VEGFR2
levels in the cytoplasm, which eventually impacts angiogenesis. Overall, the studies follow a logical
progression to understand how the inhibition of FECH impacts HRECs by the use of siRNA and
FECH inhibition by N-methyl protoporphyrin (NMPP) and griseofulvin. After this analysis
however, the authors show very general schematic of how FECH affects angiogenesis which
detracted from their careful study of FECH inhibition by griseofulvin and NMPP via P450
involvement, in vivo observations in the L-CNV mice, and downstream effects on VEGFR2, eNOS
and HIF-1α.
Interestingly, inhibition of FECH by NMPP results in decreased proliferation, migration and tube
formation and is specific for retinal endothelial cells but does not cause apoptosis. The authors
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conclude that NMPP inhibition of HRECs is cytostatic not cytotoxic, but this conclusion seems
premature since they do not provide a time course at any dose (Fig 2F). Although FECH expression
is not limited to a specific layer in the human AMD retina (Fig 3B), it's not clear what the
distribution of FECH expression is in the whole mount staining of the mouse L-CNV retina (Fig
3D). Also, if the Y-axis in the graph in Fig 3C reads, "FECH signal (% of Normal), i.e.,
"normalized", shouldn't the "Normal" bar be "0" instead of 100 + 25? The results in Fig 5 are
particularly compelling, and the authors should note that the effects of the oral or intravitreal
administration of griseofulvin is in the same order of magnitude. VEGFR2 levels were rescued by
the addition of Hemin (Fig 6E) however, the level of eNOS was not rescued the presence of Hemin
as stated. In fact, eNOS increased only by 20% compared to the measured eNOS level in the
presence of FECH siRNA, but was still 35% lower than the eNOS levels attained in the presence of
the negative siRNA control. Fortunately, since nitric oxide stabilizes HIF-1α, lower levels of eNOS
results in decreased levels of nitric oxide, decreased HIF-1α levels, and presumably, decreased
angiogenesis. Did the effect of FECH inhibition affect expression of other VEGFRs or neuropilin-1?
Perhaps combination of griseofulvin with anti-VEGF biologics may have a synergistic effect and
possibly decrease side effects.
Specific Points
1) In the Introduction, Page 3, line 37, add the word "as" in the sentence, "..vision loss as a direct.."
2) In the Results, Page 8 lines 166-167, need to rewrite this since VEGFR2 was rescued but not the
level of eNOS (see the explanation in the 2nd paragraph of the Overall Review).
3) In the Results, Page 8, line 169, "The decreased protein levels..." is vague, specify which proteins
4) In the Materials and Methods, Page 13, lines 289 and 293, the use of the word "dounced" as a
verb is incorrect. The supernatant was homogenized using a Dounce homogenizer.
5) In the Materials and Methods, Lines 341, 352, 362, 442, 447, 449, 454, 472, 484 and 493, remove
the word "then".
6) In the Materials and Methods, Page 16, line 352, the word "compound" is vague. Is it griseofulvin
or NMPP or both?
7) In the Materials and Methods, Page 18, line 391, add the word "the" at the end of the line
8) In the Materials and Methods, Page 18, lines 298 and 299, what are the details of this labeling,
concentration and conditions used?
9) In the Materials and Methods, Page 18, line 406, add the word "humor" at the end of the line
10) In the Materials and Methods, Page 18, line 412, Delete the word, "tissues" and substitute
"sections or whole mounts".
11) In the Materials and Methods, Page 18, line 415, add the word "the" between the words "...label
retinal..."
12) In the Materials and Methods, Page 19, line 422, delete the word "euthanized".
13) In the Materials and Methods, Page 19, line 425, add the word, "the" to the end of the line
14) In the Materials and Methods, Page 19, line 437, add the word "described" between the words,
"...as above".
15) In the Materials and Methods, Page 20, line 445, add the manufacturer for the Synergy Plate
reader.
16) In the Materials and Methods, Page 20, line 447, substitute the word "confluency" for
"confluent".
17) In the Materials and Methods, Page 20, line 454, the S in the word "supernatant..." should be
capitalized.
18) In the Materials and Methods, Page 21, line 466, replace the phrase, "The eluates then analyzed
in 4-... with "Eluates were separated in a 4-..."
19) In the Materials and Methods, Page 21, line 468, replace the word "and" with "or" and "Tubulin"
with "tubulin"
20) In the Materials and Methods, Page 21, line 469, delete "of the" and "...Buffered Saline" should
be "...buffered saline".
21) In the Materials and Methods, Page 21, lines 473 and 483, the word "compounds or compound"
is vague, can you list which compound(s) you are using here?
22) In the Materials and Methods, Page 21, line 474, add the word "the" between the words "...by
addition..."
23) In the Materials and Methods, Page 21, line 486, replace "...represents iron" with "represented
the degree of iron..."
24) In the Materials and Methods, Page 23, line 513, please reference or explain what you did using
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the "∆∆C1 method".
25) In the Materials and Methods, Page 23, line 514, what do you mean by "calibrated to"? Is this
"normalized to"?
26) In the Materials and Methods, Page 23, line 518, replace "...groups as appropriate in" with
"...appropriate groups using..."
27) In the References, Page 26, lines 610, 611, Delete this reference, cannot reference a manuscript
that isn't published.
Referee #2 (Comments on Novelty/Model System):
This paper is quite simple and at certain level quiet naïve in the way angiogenesis is tested in vitro,
lacking definitive in vivo proof to place FECH in in vivo angiogenesis (e.g. model systems). I
suggest major revision with a comparison with different EC subtypes (retina, microvascular,
macrovascular) for the vitro assays and genetic model in vivo to support their hypothesis.
Referee #2 (Remarks):
By using a chemical approach Basavarajappa H.D. et al identified the heme synthesis enzyme
ferrochelatase (FECH) as a key player in neovascularization occurring during age-related macular
degeneration. They show that ferrochelatase inhibition can indeed lead to inhibition of pathological
angiogenesis through the inhibition of VEGFR2/eNOS/Hif1alpha signalling pathway. Interestingly
they propose an FDA-approved anti-fungal drug griseofulvin as a therapeutic option to inhibit
ferrochelatase and eventually cure AMD.
Although an interesting topic, the data and experimental settings used in the paper could be more
detailed and technically sound. The study nicely fit within the scope of EMM since it offers a
putative link among basic biology and clinical research. However, such work should propose studies
based on model organism to fully fall within the scope of the journal. Therefore, to fully prove the
role of FECH a genetic model of FECH KO should be employed.
Some points have to be addressed, as follows:
Major points:
1) The data shown here point to the role of ferrochelatase during angiogenesis as a key enzyme in a
VEGFR2-dependent signalling pathway. Furthermore, they never show that inhibition of
ferrochelatase can be a useful approach to treat vegf-resistant or refractory AMD. Recently it has
been shown that many growth factors other than VEGF may mediate ocular neovascularization,
indicating that multi target approaches are more promising than single target strategies. The authors
should comment on this and provide, if possible, any evidence that inhibition of ferrochelatase can
improve the available treatment for ocular angiogenesis-dependent pathologies.
2) The authors use human retinal endothelial cells (HREC) for their in vitro experiments. Also they
use the choroid ex-vivo assay to assess choroidal angiogenesis. Since different angiogenesisdependent ocular pathologies affect different vascular districts (namely the retinal vessels in
proliferative diabetic retinopathy and choroidal vessels in wet age-related macular degeneration) and
given the specificity of ferrochelatase inhibition observed when comparing HUVEC vs HREC, the
authors should provide more experimental evidences to sustain the hypothesis that ferrochelatase is
a druggable target which is specific for the ocular vasculature. The authors should repeat the key
experiments shown in fig. 2, 4 and 6 by using choroidal cells (either primary or Rf/6a cell line) as
well as include in fig. 4 an ex-vivo murine retina angiogenesis assay. This would help to prove that
ferrochelatase is a specific and universal druggable target for all ocular angiogenesis-dependent
pathologies. Otherwise, if their focus is AMD, I would suggest to use choroidal endothelial cells
instead of HREC.
3) The authors propose griseofulvin as a potential therapeutic to inhibit ferrochelatase activity and
eventually block pathological angiogenesis during AMD. Nevertheless they do not provide evidence
that griseofulvin acts via ferrochelatase inhibition instead of via a microtubule-mediated block of
mitosis. Does hemin addition to the cell culture medium rescue the block in proliferation they
observe? (fig. 4A and 4D). Does 100µM griseofulvin give cytotoxic effects ? The author should also
test the effect of microtubule inhibitor devoid of anti-ferrochelatase activity as control. Can the
authors quantify the amount of active griseofulvin in the blood stream of mice feed ad libidum with
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this antifungal drug ?
4) It could be nice if authors can show in fig.6 some in vivo staining to validate on human eye
sections or murine choroid tissue the molecular mechanism they propose in vitro.
5) In Fig 6, the experiments have been performed without VEGF administration. Is then VEGFR
activation ligand-independent in these cells and conditions ? Isn't it expected to have reduced eNOS
activity if the total eNOS level is low ? what the correlation here ?
Referee #3 (Remarks):
In their manuscript entitled "Ferrochelatase is a therapeutic target for ocular neovascularization",
Basavarajappa et. al. describe the identification of the molecular target of an antiangiogenic
compound as ferrochelatase. They then proceed to show that ferrochelatase is necessary for
proliferation and migration of retinal endothelial cells and is overexpressed in choroidal
neovascularization lesions in a mouse model and human AMD patients. Notwithstanding, they show
that ferrochelatase can be inhibited by an FDA-approved compound to decrease neovascularization
in a mouse model. Lastly, they probe the mechanism of action of ferrochelatase in angiogenesis and
show that it involves eNOS, HIF-1a and VEGFR2.
This manuscript is of excellent quality and we believe it should be accepted. We have a few
comments that may lead to its further improvement.
1) In supplementary figure 4 the authors show that FECH knockdown by siRNA does not affect the
proliferation of ARPE19, 92-1 or HUVEC cells. Toxicity in these cell lines should also be assessed
for the chemical inhibitors of FECH.
2) The compound used to purify the cremastranone-binding molecules in the photoaffinity
chromatography is not identical to cremastranone. More specifically, compound (3) in Figure 1
appears to have two of cremastranone's hydrogens substituted for methyl groups. The authors should
mention why that needed to be done.
3) In figure 3B, the human eye sections are not of great quality. Specifically, the "normal" eye
section has a disorganized GCL while the AMD and no-primary eye sections are almost completely
missing their GCL. In addition, the ONL for all sections is surprisingly thin. At 2-3 cell nuclei and
20 um of thickness the ONLs appear abnormal - at least for the control eyes.
4) In supplementary figure 3 D and E, is the % of apoptotic cells significantly different between the
highest doses of the drugs (25 um for NMPP and 50 um for Griseofulvin) and the control treatment?
If so, the authors should state that. In addition, the sentence "FECH knockdown and low-dose
chemical inhibition were not associated with increased apoptosis for these cells" should be modified
to reflect the minimal -yet existent - apoptosis that was observed with the inhibitor treatments.
5) The n for each experiment/experimental group, as well as the specific statistical test performed
should be mentioned at the respective figure subcaption. Currently, the authors describe the n as "n
{greater than or equal to}3" and the statistical test as "Student's t-test or ANOVA with..." at the end
of the caption.

Authors appeal decision

03 August 2016

Thank you for considering our manuscript, referenced above. We greatly appreciate the reviewers'
thorough and constructive commentary, and their general enthusiasm for the novelty and importance
of our study.
Although we recognize that substantial work is required for a revision, we believe that this can be
accomplished in a timely fashion. In particular, during the review period, we obtained and
established a colony of Fech knockout mice, so the further in vivo experiments requested by
reviewer #2 can be accomplished quite quickly. We have also already completed some of the
requested in vitro experiments.

2nd Editorial Decision

03 August 2017

I have looked again at your manuscript and discussed it within our team. In light of your arguments
and the availability of FECH-KO mice, we would like to give you a chance to address all issues
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raised by all three referees, experimentally when required. Please bear in mind that revising now
will not ascertain publication later on and your revision will be reviewed once more from the same
set of referees.
Please proceed to revising your article according to our guidelines (see below).
Revised manuscripts should be submitted within three months of a request for revision; they will
otherwise be treated as new submissions, except under exceptional circumstances in which a short
extension is obtained from the editor.
I look forward to seeing a revised form of your manuscript as soon as possible.

2nd Revision - authors' response

18 January 2017

Referee #1
The work described in the manuscript is interesting and presents ferrochelatase (FECH) as a
possible new druggable target to prevent neovascularization in wet aged-related macular
degeneration. Oral delivery of the drug appears to be as effective, at least in the same order of
magnitude, as intravitreal injection in the laser-induced choroidal neovascularization (LCNV) mouse model that was used. One issue that seemed to stand out however, is that
although FECH expression was seen throughout the retinal GCL and ONL layers of human
retinas (Fig 3), the L-CNV mouse model only addresses the inhibition of FECH expression by
intravitreal injection of FECH siRNA in the choroidal layer. It is not evident how this would
translate into clinical applications to treat human AMD, given the known anatomical
differences between the retinal layers in humans and mice.
We thank the reviewer for this favorable assessment. To further validate our findings and increase
translational relevance, in this revision we present new data showing that FECH inhibition in
primate choroidal endothelial cells has the predicted antiangiogenic effect (Fig. EV 3), as does
FECH inhibition in murine retina ex vivo (Fig. 4E). Importantly, we have also shown that Fech
mutation in a genetic mouse model decreases L-CNV (Figure 3E).
Also in the same figure, it's not clear how graphs in Fig 3C and Fig 3E are directly comparable
since the graph in Fig 3C appears to be quantified from images showed in Fig 3B (cross section
of the human retina) vs. the graph in Fig 3E is quantified from images shown in Fig. 3D (whole
mount staining of RPE/choroid from L-CNV eyes).
To make the human and mouse staining more directly comparable, we have added cross section
staining of murine L-CNV to this figure (new Fig. 3B), indicating that Fech is regulated through all
layers of the mouse eye undergoing neovascularization, but notably in the neovessels.
The studies described in the manuscript entitled, "Ferrochelatase is a therapeutic target for
ocular neovascularization", presents a detailed study in which the authors use a "forward
chemical genetic approach" to find protein targets for cremastranone, a known antiangiogenic natural product. The authors used photoaffinity chromatography to isolate
cremastranone-bound proteins from tissue lysates of porcine brain (reason unknown).
We used porcine brain for the pulldown experiments as a low-risk and readily available rich source
of protein. This is now noted in the manuscript, l. 319. Preliminary experiments with bovine eye
tissue failed to provide enough input protein for successful pulldowns.
From this work, they identified 2 proteins, ferrochelatase (FECH) as well as another protein,
which is not discussed further. FECH is the terminal enzyme in heme biosynthesis and
catalyzes the insertion of iron into protoporphyrin IX. Overexpression of FECH was found in
human age-related macular degeneration (AMD) eyes. In vivo studies using a mouse laserinduced choroidal neovascularization model (L-CNV) showed FECH knockdown or its
inhibition with the oral anti-fungal drug, griseofulvin, reduced choroidal neovascularization
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and modulates endothelial nitric oxide function and VEGFR2 expression. The authors
concluded from these studies that FECH is a druggable mediator of angiogenesis whose
inhibition could be used therapeutically to effectively block ocular neovascularization. A
model was proposed that shows how the production of heme by FECH in the mitochondria
affects eNOS, HIF1α and VEGFR2 levels in the cytoplasm, which eventually impacts
angiogenesis. Overall, the studies follow a logical progression to understand how the inhibition
of FECH impacts HRECs by the use of siRNA and FECH inhibition by N-methyl
protoporphyrin (NMPP) and griseofulvin.
We thank the reviewer for these favorable comments.
After this analysis however, the authors show very general schematic of how FECH affects
angiogenesis, which detracted from their careful study of FECH inhibition by griseofulvin and
NMPP via P450 involvement, in vivo observations in the L-CNV mice, and downstream effects
on VEGFR2, eNOS and HIF-1α.
In response to this suggestion, in this revision, we have deleted the general model schematic
(previous Fig. 6G).
Interestingly, inhibition of FECH by NMPP results in decreased proliferation, migration and
tube formation and is specific for retinal endothelial cells but does not cause apoptosis. The
authors conclude that NMPP inhibition of HRECs is cytostatic not cytotoxic, but this
conclusion seems premature since they do not provide a time course at any dose (Fig 2F).
We have added the results of a washout experiment for NMPP and griseofulvin’s effects on HRECs
(Fig. EV 2E, G), indicating that cells are still viable and bounce back after these compounds are
removed, strongly supporting a cytostatic effect.
Although FECH expression is not limited to a specific layer in the human AMD retina (Fig
3B), it's not clear what the distribution of FECH expression is in the whole mount staining of
the mouse L-CNV retina (Fig 3D).
We have added staining for Fech in sections of mouse L-CNV eyes (Fig. 3B) to clarify this
distribution; as in humans, Fech was expressed throughout the retina.
Also, if the Y-axis in the graph in Fig 3C reads, "FECH signal (% of Normal), i.e.,
"normalized", shouldn't the "Normal" bar be "0" instead of 100 + 25?
The displayed data in Fig. 3C are expressed as a percentage of the normal signal, not % over normal,
so a value of 100% for the normal average is correct as shown.
The results in Fig 5 are particularly compelling, and the authors should note that the effects of
the oral or intravitreal administration of griseofulvin is in the same order of magnitude.
We have added this important note to the text (l. 165).
VEGFR2 levels were rescued by the addition of Hemin (Fig 6E) however, the level of eNOS
was not rescued the presence of Hemin as stated. In fact, eNOS increased only by 20%
compared to the measured eNOS level in the presence of FECH siRNA, but was still 35%
lower than the eNOS levels attained in the presence of the negative siRNA control.
We agree that hemin does not completely rescue eNOS levels after FECH knockdown, and have
noted that the rescue was “partial” (l. 189). However, although eNOS levels after hemin treatment
remained lower than in control, they were statistically significantly higher than in FECH siRNAtreated cells, as now clarified in Fig. 6E and its legend.
Fortunately, since nitric oxide stabilizes HIF-1α, lower levels of eNOS results in decreased
levels of nitric oxide, decreased HIF-1α levels, and presumably, decreased angiogenesis. Did
the effect of FECH inhibition affect expression of other VEGFRs or neuropilin-1?
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We have investigated this question, and found that FECH knockdown did not change the protein
levels of neuropilin or VEGFR1, as now indicated in Fig. 6E.
Perhaps combination of griseofulvin with anti-VEGF biologics may have a synergistic effect
and possibly decrease side effects.
To address this point, we assessed the combination of griseofulvin with anti-VEGF164 antibody in
the L-CNV model (Fig. EV 5C). The addition of a low dose of anti-VEGF164 to griseofulvin
treatment caused a slight reduction in CNV lesion volume compared to griseofulvin alone, but this
difference was not significant. Further investigation of the combination of griseofulvin with antiVEGF therapy is warranted.
Specific Points
1) In the Introduction, Page 3, line 37, add the word "as" in the sentence, "..vision loss as a
direct.."
Corrected, l. 39.
2) In the Results, Page 8 lines 166-167, need to rewrite this since VEGFR2 was rescued but not
the level of eNOS (see the explanation in the 2nd paragraph of the Overall Review).
Revised – see above, l. 189.
3) In the Results, Page 8, line 169, "The decreased protein levels..." is vague, specify which
proteins
Corrected, l. 191.
4) In the Materials and Methods, Page 13, lines 289 and 293, the use of the word "dounced" as
a verb is incorrect. The supernatant was homogenized using a Dounce homogenizer.
Corrected, ll. 321 and 325-326.
5) In the Materials and Methods, Lines 341, 352, 362, 442, 447, 449, 454, 472, 484 and 493,
remove the word "then".
Corrected, ll. 367, 374, 386, 390, 397, 499, 505, 506, 511, 520, 529, 551.
6) In the Materials and Methods, Page 16, line 352, the word "compound" is vague. Is it
griseofulvin or NMPP or both?
Corrected to indicate that both compounds were added by this method, l. 386.
7) In the Materials and Methods, Page 18, line 391, add the word "the" at the end of the line
Corrected, l. 432.
8) In the Materials and Methods, Page 18, lines 298 and 299, what are the details of this
labeling, concentration and conditions used?
To further clarify the UV labeling, we have added the measured irradiance output of the UV lamp (l.
332).
9) In the Materials and Methods, Page 18, line 406, add the word "humor" at the end of the
line
Corrected, l. 461.
10) In the Materials and Methods, Page 18, line 412, Delete the word, "tissues" and substitute
"sections or whole mounts".
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Corrected, l. 447.
11) In the Materials and Methods, Page 18, line 415, add the word "the" between the words
"...label retinal..."
Corrected, l. 457.
12) In the Materials and Methods, Page 19, line 422, delete the word "euthanized".
Corrected, l. 465.
13) In the Materials and Methods, Page 19, line 425, add the word, "the" to the end of the line
Corrected, l. 468.
14) In the Materials and Methods, Page 19, line 437, add the word "described" between the
words, "...as above".
Corrected, l. 494.
15) In the Materials and Methods, Page 20, line 445, add the manufacturer for the Synergy
Plate reader.
This is mentioned previously, but added again here for clarity, l. 502.
16) In the Materials and Methods, Page 20, line 447, substitute the word "confluency" for
"confluent".
Corrected, l. 504.
17) In the Materials and Methods, Page 20, line 454, the S in the word "supernatant..." should
be capitalized.
Corrected, l. 511.
18) In the Materials and Methods, Page 21, line 466, replace the phrase, "The eluates then
analyzed in 4-... with "Eluates were separated in a 4-..."
Corrected, ll. 523-524.
19) In the Materials and Methods, Page 21, line 468, replace the word "and" with "or" and
"Tubulin" with "tubulin"
Corrected, ll. 525-526.
20) In the Materials and Methods, Page 21, line 469, delete "of the" and "...Buffered Saline"
should be "...buffered saline".
Corrected, ll. 526-527.
21) In the Materials and Methods, Page 21, lines 473 and 483, the word "compounds or
compound" is vague, can you list which compound(s) you are using here?
Corrected, ll. 530 and 541.
22) In the Materials and Methods, Page 21, line 474, add the word "the" between the words
"...by addition..."
Corrected, l. 531.
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23) In the Materials and Methods, Page 21, line 486, replace "...represents iron" with
"represented the degree of iron..."
Corrected, l. 545.
24) In the Materials and Methods, Page 23, line 513, please reference or explain what you did
using the "∆∆C1 method".
We have added a reference (Livak and Schmittgen, 2001) on l. 572, which describes this standard
comparative method for quantifying qPCR data.
25) In the Materials and Methods, Page 23, line 514, what do you mean by "calibrated to"? Is
this "normalized to"?
In the ∆∆Ct method, threshold cycle (Ct) numbers for gene(s) of interest are first normalized to
housekeeping gene(s) Cts, then “calibrated” (compared) to the normalized values for a single control
sample. Thus reported values are expressed as a quantity relative to the calibrator sample. Please see
Livak and Schmittgen as now referenced in the text (l. 572) for details.
26) In the Materials and Methods, Page 23, line 518, replace "...groups as appropriate in" with
"...appropriate groups using..."
Corrected, l. 576.
27) In the References, Page 26, lines 610, 611, Delete this reference, cannot reference a
manuscript that isn't published.
This manuscript is now published and the reference has been updated to reflect this (ll. 696-698).
Referee #2 (Comments on Novelty/Model System):
This paper is quite simple and at certain level quiet naïve in the way angiogenesis is tested in
vitro, lacking definitive in vivo proof to place FECH in in vivo angiogenesis (e.g. model
systems). I suggest major revision with a comparison with different EC subtypes (retina,
microvascular, macrovascular) for the vitro assays and genetic model in vivo to support their
hypothesis.
In this revision, we have added further analysis of the effects of FECH knockdown and/or inhibition
in other cell types in vitro. Antiproliferative effects were remarkably selective for microvascular
cells (HRECs, a choroidal endothelial cell line Rf/6a, and brain microvascular endothelial cells)
versus other ocular cell lines and HUVECs (Figs. 2, EV 3 and EV 4). In addition, we have assessed
L-CNV in a Fech mutant mouse in vivo and observed a reduction of neovascularization in the
mutant (see below for details), further supporting our hypothesis.
Referee #2 (Remarks):
By using a chemical approach Basavarajappa H.D. et al identified the heme synthesis enzyme
ferrochelatase (FECH) as a key player in neovascularization occurring during age-related
macular degeneration. They show that ferrochelatase inhibition can indeed lead to inhibition
of pathological angiogenesis through the inhibition of VEGFR2/eNOS/Hif1alpha signalling
pathway. Interestingly they propose an FDA-approved anti-fungal drug griseofulvin as a
therapeutic option to inhibit ferrochelatase and eventually cure AMD.
Although an interesting topic, the data and experimental settings used in the paper could be
more detailed and technically sound. The study nicely fit within the scope of EMM since it
offers a putative link among basic biology and clinical research. However, such work should
propose studies based on model organism to fully fall within the scope of the journal.
Therefore, to fully prove the role of FECH a genetic model of FECH KO should be employed.
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In response to this excellent suggestion, we have assessed L-CNV in Fech mutant mice. Excitingly,
neovascularization was reduced in heterozygous partial loss-of-function Fech mutants compared to
wild-type, and further reduced in homozygous mutants (Fig. 3E). We feel that this new finding
provides compelling evidence of the importance of Fech for neovascularization.
Some points have to be addressed, as follows:
Major points:
1) The data shown here point to the role of ferrochelatase during angiogenesis as a key enzyme
in a VEGFR2-dependent signalling pathway. Furthermore, they never show that inhibition of
ferrochelatase can be a useful approach to treat vegf-resistant or refractory AMD. Recently it
has been shown that many growth factors other than VEGF may mediate ocular
neovascularization, indicating that multi target approaches are more promising than single
target strategies. The authors should comment on this and provide, if possible, any evidence
that inhibition of ferrochelatase can improve the available treatment for ocular angiogenesisdependent pathologies.
This is an excellent point. To our knowledge, there are no model systems that adequately reflect
VEGF-resistant or refractory wet AMD. However, we agree that multi-targeted, combination
therapies are an appealing way to potentially avoid a loss of response in the clinic. Towards this end,
we now include data on the combination of griseofulvin with an anti-VEGF antibody in the L-CNV
model. The addition of a low dose of anti-VEGF to griseofulvin treatment caused a slight reduction
in CNV lesion volume compared to griseofulvin alone, but this difference was not significant (Fig.
EV 5C). Further investigation of the combination of griseofulvin with anti-VEGF is warranted.
2) The authors use human retinal endothelial cells (HREC) for their in vitro experiments. Also
they use the choroid ex-vivo assay to assess choroidal angiogenesis. Since different
angiogenesis-dependent ocular pathologies affect different vascular districts (namely the
retinal vessels in proliferative diabetic retinopathy and choroidal vessels in wet age-related
macular degeneration) and given the specificity of ferrochelatase inhibition observed when
comparing HUVEC vs HREC, the authors should provide more experimental evidences to
sustain the hypothesis that ferrochelatase is a druggable target which is specific for the ocular
vasculature. The authors should repeat the key experiments shown in fig. 2, 4 and 6 by using
choroidal cells (either primary or Rf/6a cell line) as well as include in fig. 4 an ex-vivo murine
retina angiogenesis assay. This would help to prove that ferrochelatase is a specific and
universal druggable target for all ocular angiogenesis-dependent
pathologies. Otherwise, if their focus is AMD, I would suggest to use choroidal endothelial cells
instead of HREC.
As the reviewer suggests, to increase relevance, we have repeated key experiments in Rf/6a cells, a
primate choroidal endothelial cell line. Like HRECs, these cells were sensitive to NMPP and
griseofulvin (Fig. EV 3) in a way that other cell types were not (Fig. EV 4). We have also now
tested griseofulvin in an ex vivo retinal angiogenesis assay as suggested (Fig. 4E), where it showed
similar effects to those we observed in the choroidal sprouting assay.
3) The authors propose griseofulvin as a potential therapeutic to inhibit ferrochelatase activity
and eventually block pathological angiogenesis during AMD. Nevertheless they do not provide
evidence that griseofulvin acts via ferrochelatase inhibition instead of via a microtubulemediated block of mitosis. Does hemin addition to the cell culture medium rescue the block in
proliferation they observe? (fig. 4A and 4D).
Unfortunately, since hemin itself can cause toxicity, assessing its rescuing effects on proliferation
subsequent to griseofulvin treatment is challenging. However, the lack of apoptosis observed in cells
treated with antiangiogenic concentrations of griseofulvin argues against a mitosis blockade, as the
usual cellular response to a sustained mitosis block is apoptosis. The reversibility of griseofulvin’s
antiproliferative effects on HRECs (Fig. EV 2), plus its limited antiproliferative effects on other cell
types (Fig. EV 4) also argue strongly against a mitosis block as mechanism.
Does 100µM griseofulvin give cytotoxic effects ?
In the ex vivo retinal angiogenesis assay, continuous exposure to 100 µM griseofulvin did lead to
toxicity and loss of existing sprouts (data not shown). However, this is not directly comparable to
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the in vivo conditions in Fig. 5, as in the mouse eye, 100 µM griseofulvin was the estimated initial
concentration in the vitreous after a single injection, which would be quickly diluted throughout the
eye. The appearance of the treated retina on OCT imaging (Fig. 5D) one week after injection argues
against any toxic effects in this system, as does the aforementioned lack of in vitro toxicity on other
ocular cell types (Fig. EV 4) and the lack of ocular side effects in humans undergoing systemic
griseofulvin treatment.
The author should also test the effect of microtubule inhibitor devoid of anti-ferrochelatase
activity as control.
Unfortunately, such an experiment would be difficult to interpret, as microtubule inhibitors are
inherently antiproliferative, or even cytotoxic, so would be expected to have a (non-specific) antiangiogenic effect as well. The lack of antiproliferative effects of griseofulvin on non-microvascular
cell types (Fig. EV 4) argues that it is not acting as a microtubule inhibitor at effective
antiangiogenic concentrations.
Can the authors quantify the amount of active griseofulvin in the blood stream of mice feed ad
libidum with this antifungal drug ?
We attempted quantification of griseofulvin in blood of mice fed griseofulvin. The clinical HPLC
assay used was not able to provide accurate quantification, but qualitatively, griseofulvin was
present in the treated animals, and absent in the untreated. However, more importantly, we were able
to quantify NMPP and PPIX in the livers of treated mice, indicating metabolism of griseofulvin and
inhibition of FECH, respectively. PPIX levels were 3.7±1.5, 72±30, and 163±50 µg/g in the 0, 0.5,
and 1.0% griseofulvin groups, respectively, while NMPP levels were 0, 680±217, and 611±127
ng/g. Mean ± SEM, n = 4. These findings confirm that NMPP is produced after griseofulvin feeding.
4) It could be nice if authors can show in fig.6 some in vivo staining to validate on human eye
sections or murine choroid tissue the molecular mechanism they propose in vitro.
While we agree that this would be valuable, such experiments would be complex and may not yield
useful data due to the variabilities of timing of the signaling changes during/after treatment. This
will be an interesting topic for future work.
5) In Fig 6, the experiments have been performed without VEGF administration. Is then
VEGFR activation ligand-independent in these cells and conditions ?
These experiments were performed with VEGF present in the context of complete endothelial
growth medium 2. We have now noted this in the Fig. 6 legend, l. 879. We do not expect HRECs to
have VEGF-independent VEGFR activation.
Isn't it expected to have reduced eNOS activity if the total eNOS level is low ? what the
correlation here ?
Yes, reduced eNOS protein is expected to lead to reduced NOS activity. We include NOS activity
data in the manuscript (Fig. 6B) to confirm that FECH knockdown is associated with a functional
loss of NOS activity, as well as decreased eNOS protein.
Referee #3 (Remarks):
In their manuscript entitled "Ferrochelatase is a therapeutic target for ocular
neovascularization", Basavarajappa et. al. describe the identification of the molecular target
of an antiangiogenic compound as ferrochelatase. They then proceed to show that
ferrochelatase is necessary for proliferation and migration of retinal endothelial cells and is
overexpressed in choroidal neovascularization lesions in a mouse model and human AMD
patients. Notwithstanding, they show that ferrochelatase can be inhibited by an FDAapproved compound to decrease neovascularization in a mouse model. Lastly, they probe the
mechanism of action of ferrochelatase in angiogenesis and show that it involves eNOS, HIF-1a
and VEGFR2.
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This manuscript is of excellent quality and we believe it should be accepted. We have a few
comments that may lead to its further improvement.
We thank the reviewer for this favorable assessment.
1) In supplementary figure 4 the authors show that FECH knockdown by siRNA does not
affect the proliferation of ARPE19, 92-1 or HUVEC cells. Toxicity in these cell lines should
also be assessed for the chemical inhibitors of FECH.
We have tested this, and show negligible antiproliferative effects of NMPP and griseofulvin on these
cell types (Fig. EV 4).
2) The compound used to purify the cremastranone-binding molecules in the photoaffinity
chromatography is not identical to cremastranone. More specifically, compound (3) in Figure
1 appears to have two of cremastranone's hydrogens substituted for methyl groups. The
authors should mention why that needed to be done.
In the Methods (ll. 304-307), we have now explained that this trimethoxy cremastranone analog was
incorporated into affinity reagents due to synthetic ease, but that this analog retains activity and
selectivity, as reported (Basavarajappa et al, 2015, Lee et al, 2016).
3) In figure 3B, the human eye sections are not of great quality. Specifically, the "normal" eye
section has a disorganized GCL while the AMD and no-primary eye sections are almost
completely missing their GCL. In addition, the ONL for all sections is surprisingly thin. At 2-3
cell nuclei and 20 um of thickness the ONLs appear abnormal - at least for the control eyes.
We apologize for the quality of these imaged sections, which were poorly chosen; a nearby blood
vessel (not visible in the image) displaced the GCL in the “normal” section. We have replaced these
images in new Fig. 3C. The ONL remains thin in these sections, but in our experience this is not
uncommon in eyes harvested from elderly donors.
4) In supplementary figure 3 D and E, is the % of apoptotic cells significantly different
between the highest doses of the drugs (25 um for NMPP and 50 um for Griseofulvin) and the
control treatment? If so, the authors should state that.
The % apoptotic cells does not differ significantly from the control, even at the highest compound
doses. We have clarified this in the revised Fig. EV 2D, E.
In addition, the sentence "FECH knockdown and low-dose chemical inhibition were not
associated with increased apoptosis for these cells" should be modified to reflect the minimal yet existent - apoptosis that was observed with the inhibitor treatments.
Corrected as suggested, l. 101.
5) The n for each experiment/experimental group, as well as the specific statistical test
performed should be mentioned at the respective figure subcaption. Currently, the authors
describe the n as "n {greater than or equal to}3" and the statistical test as "Student's t-test or
ANOVA with..." at the end of the caption.
We have corrected this as suggested for all figure legends (pp. 32-42), which are now formatted
according to EMBO Mol Med guidelines.
In this revision, we have also included “For more information” and “The Paper Explained” sections
(p. 27) to the main manuscript file, and we have attached as separate files a synopsis, a synopsis
image, and an author checklist. We here upload the revised manuscript with changes tracked, a clean
version of the revised manuscript, six Figures, five Expanded View figures, and an Appendix
containing two Supplementary Figures. Please also note that we have added authors to the
manuscript who performed the revision experiments. All authors have agreed to this revised author
list. Thank you again for considering our revised manuscript.
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15 February 2017

Thank you for the submission of your revised manuscript to EMBO Molecular Medicine. We have
now received the enclosed reports from the referees that were asked to re-assess it. As you will see
the reviewers are now supportive and I am pleased to inform you that we will be able to accept your
manuscript pending the following final amendments:
1) Please address the minor changes commented by referee 1. Please provide a letter INCLUDING
the reviewer's reports and your detailed responses to their comments (as Word file).
Please submit your revised manuscript within two weeks. I look forward to seeing a revised form of
your manuscript as soon as possible.
***** Reviewer's comments *****
Referee #1 (Comments on Novelty/Model System):
The work described in the manuscript is interesting and presents ferrochelatase (FECH) as a
possible new druggable target to prevent neovascularization in wet aged-related macular
degeneration. Oral delivery of the drug appears to be as effective, at least in the same order of
magnitude, as intravitreal injection in the laser-induced choroidal neovascularization (L-CNV)
mouse model that was used. The addition of the Fechm1Pas adds compelling supportive evidence to
the FECH siRNA studies.
Referee #1 (Remarks):
The studies described in the manuscript entitled, "Ferrochelatase is a therapeutic target for ocular
neovascularization", presents a detailed study in which the authors use a "forward chemical genetic
approach" to find protein targets for cremastranone, a known anti-angiogenic natural product. The
authors used photoaffinity chromatography to isolate cremastranone-bound proteins from tissue
lysates of porcine brain. Ferochelatase (FECH) was identified in this study. It is the terminal enzyme
in heme biosynthesis and catalyzes the insertion of iron into protoporphyrin IX. Overexpression of
FECH was found in human age-related macular degeneration (AMD) eyes. Inhibition of FECH with
the oral anti-fungal drug, griseofulvin or the competitive inhibitor N-methyl protoporphyrin (NMPP)
reduced endothelial cell migration and tube formation in several different types of retinal endothelial
cell lines, as well as choroidal neovascularization and retinal endothelial sprouting in vitro. In vivo
studies using a mouse laser-induced choroidal neovascularization model (L-CNV) showed loss of
FECH expression by Fech siRNA, or a genetic loss of function Fechm1Pas mouse model is
necessary for neovascularization. Inhibition of FECH by griseofulvin, either orally or by intravitreal
injection, appears to result in similar reduction of neovascularization using the murine L-CNV
model. Further studies indicated that depletion of FECH activity by Fech siRNA stabilizes hypoxia
factor 1α, which suppresses activation of VEGFR2 and by inference, neovascularization is inhibited.
The authors concluded from these studies that FECH is a druggable mediator of angiogenesis whose
inhibition could be used therapeutically to effectively block ocular neovascularization.
In Figure 6, the authors attempt to tie in endothelial nitric oxide synthase (eNOS) into their model,
claiming that the product of eNOS, nitric oxide, stabilizes HIF-1α. The data in Figure 6 shows that
depletion of FECH by Fech siRNA leads to a reduction of eNOS and decreased eNOS activity (A
and B). In Figure 6C, the authors use hemin in a pull down assay of HRECs grown in either DMSO
or 10 µM NMPP after 1 week and show that eNOS levels are greater when cells are grown in the
presence of the FECH competitive inhibitor, NMPP. Furthermore, they attributed the greater levels
of eNOS to result from "an accumulation of apo-eNOS as demonstrated in a hemin pull down
assay". The authors do not show that apo-eNOS increases under the conditions of the experiment.
Do the 2 graphs directly under Figure 6C belong with Fig 6C or are they a separate experiment? Fig
6A-B show eNOS activity and FECH siRNA inhibition are proportional in HRECs, i.e., when
FECH levels decrease eNOS levels also decrease, but Fig 6C shows that growth of HRECs in the
presence of NMPP increases eNOS. Nevertheless, in the 2 graphs below Fig 6C, despite FECH
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depletion by Fech siRNA, exogenous addition of hemin, the enzymatic product of FECH, increases
or rescues eNOS levels, but this couldn't possibly occur in vivo since heme is the enzymatic product
of FECH. Given the contradictory results in Fig 6A-C, if eNOS levels are lower in the FECH siRNA
depleted HRECs, that would mean there is LESS nitric oxide to stabilize HIF-1α, not more, which
weakly supports the HIF-1α data in Figure 6D. How does decreased levels of nitric oxide tie in with
the proposed model of FECH inhibition? The result in Fig 6C fits the logical reasoning that
inhibiting or depleting FECH increases eNOS levels and nitric oxide so that HIF-1α is effectively
stabilized by nitric oxide and neovascularization is averted. The data in Fig 6A, B clearly supports
decreased eNOS levels under the condition of FECH depletion by Fech siRNA, whereas the data in
Fig 6C where FECH inhibition by NMPP shows increased eNOS levels. Perhaps the inhibition of
the FECH gene or the inhibition of FECH modulates different regulatory/feedback pathways,
transcriptionally or post-translationally.
The authors claim there is a slight additive effect when griseofulvin is injected with an antiVEGF164 antibody (Fig EV5C), but there is no difference in CNV lesion volume in the last 3 bars
of Figure 5C (dark red and 2 yellow bars). In fact, if there were an additive effect, the light yellow
bar would be at least half the size of the 2nd blue bar. None of the last 3 bars are significantly
different compared to injection of 50 µm griseofulvin alone (blue bar). The only significant
difference is the condition of injecting 0.2 µm anti-VEGF164 vs. 0.2 µm anti-VEGF164 + 50 µM
griseofulvin, which is a slight improvement but not additive (compared bright red and light yellow
bars).
Specific Points
1. Fig 6C, need to show how levels of apo-eNOS were quantified, and if this correlates with the
increased amount of eNOS in the hemin pull down assay.
2. On pp. 8, lines 176-178, the sentence "Despite the overall decrease in eNOS levels, we observed
that there was an accumulation of apo-eNOS as demonstrated in a hemin pull down assay" needs to
be rewritten. As written, this reviewer interpreted the pull down eNOS band in Fig 6C to be
identified as apo-eNOS.
3. Fig EV2, panels in B and C look like the same cells but at a different magnification. Panels B
should be labeled TUNEL and C should be labeled Caspase 3, respectively, to distinguish between
the 2.
4. Fig EV2, Panel F, add to the legend in the top right (1 µM Griseofulvin) to distinguish it from
Panel D.
5. Fig EV4, Panel G, need to add a line to connect the data points.
6. FECH siRNA inhibits the Fech gene, which results in decreased FECH expression. On pp. 5, line
89 and pp. 7, line 144, change "FECH" to Fech and other places in the text and figures.
7. Anti-VEGF164 and Griseofulvin do not appear to be additive to decrease CNV lesion volume. On
pp. 8, lines 165-168, need to state that synergy was not observed (or omit this altogether) and only a
slight improvement was found when anti-VEGF164 and Griseofulvin used in combination.
8. On pp. 21, line 477, replace "wells were serum starved in..." with "medium was replaced with..."
9. In the Abstract, pp. 2, line 24, replace "...knockdown or mutation of Fech..." with "...siRNA
knockdown of Fech or loss of function in the Fechm1Pas mouse model..."
10. In the Results section, pp. 4, lines 70 and 72, add the word "the" before "...the affinity
reagent..."
11. In the Results section, pp. 7, line 141, invert word order of "...active site FECH..." to "FECH
active site..."
12. In the Results section, pp. 7, line 145, replace, "...to have effects..." with "...to reduce
neovascularization..."
13. In the Results section, pp. 7, line 146, place the last word "However, this..." with "Fortunately,
the effective..."
14. In the Results section, pp. 7, line 151, replace "Nor did griseofulvin have..." with "Griseofulvin
did not have..."
15. In the Results section, pp. 7, line 152, replace "...and HUVECs..." with "...or HUVECs..."
16. In the Results section, pp. 8, line 179, replace "As NO,..." with "Since NO,.." and "...causes
stabilization of hypoxia..." with "stabilizes hypoxia..."
17. In the Results section, pp. 9, line 183, replace "As VEGF..." with "Since VEGF..." and delete the
word "then" in ...we then monitored..."
18. In the Results section, pp. 9, lines 184, replace "...(activating) phosphorylation of the major
VEGF receptor...." with "...active phosphorylated..."
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19. In the Results section, pp. 9, lines 186 and 187, delete "...as growth factor..." and add "...(Fig
6E), 'whereas the' production..."

3rd Revision - authors' response

01 March 2017

Referee #1
The work described in the manuscript is interesting and presents ferrochelatase (FECH) as a
possible new druggable target to prevent neovascularization in wet aged-related macular
degeneration. Oral delivery of the drug appears to be as effective, at least in the same order of
magnitude, as intravitreal injection in the laser-induced choroidal neovascularization (LCNV) mouse model that was used. The addition of the Fechm1Pas adds compelling supportive
evidence to the FECH siRNA studies.
We thank the reviewer for this favourable assessment.
The studies described in the manuscript entitled, "Ferrochelatase is a therapeutic target for
ocular neovascularization", presents a detailed study in which the authors use a "forward
chemical genetic approach" to find protein targets for cremastranone, a known antiangiogenic natural product. The authors used photoaffinity chromatography to isolate
cremastranone-bound proteins from tissue lysates of porcine brain. Ferochelatase (FECH) was
identified in this study. It is the terminal enzyme in heme biosynthesis and catalyzes the
insertion of iron into protoporphyrin IX. Overexpression of FECH was found in human agerelated macular degeneration (AMD) eyes. Inhibition of FECH with the oral anti-fungal drug,
griseofulvin or the competitive inhibitor N-methyl protoporphyrin (NMPP) reduced
endothelial cell migration and tube formation in several different types of retinal endothelial
cell lines, as well as choroidal neovascularization and retinal endothelial sprouting in vitro. In
vivo studies using a mouse laser-induced choroidal neovascularization model (L-CNV) showed
loss of FECH expression by Fech siRNA, or a genetic loss of function Fechm1Pas mouse model
is necessary for neovascularization. Inhibition of FECH by griseofulvin, either orally or by
intravitreal injection, appears to result in similar reduction of neovascularization using the
murine L-CNV model. Further studies indicated that depletion of FECH activity by Fech
siRNA stabilizes hypoxia factor 1α, which suppresses activation of VEGFR2 and by inference,
neovascularization is inhibited. The authors concluded from these studies that FECH is a
druggable mediator of angiogenesis whose inhibition could be used therapeutically to
effectively block ocular neovascularization.
Please note that, according to our data in Fig. 6D, Fech siRNA knockdown does not stabilize HIF1α, rather it leads to a decrease of this protein.
In Figure 6, the authors attempt to tie in endothelial nitric oxide synthase (eNOS) into their
model, claiming that the product of eNOS, nitric oxide, stabilizes HIF-1α. The data in Figure 6
shows that depletion of FECH by Fech siRNA leads to a reduction of eNOS and decreased
eNOS activity (A and B). In Figure 6C, the authors use hemin in a pull down assay of HRECs
grown in either DMSO or 10 µM NMPP after 1 week and show that eNOS levels are greater
when cells are grown in the presence of the FECH competitive inhibitor, NMPP. Furthermore,
they attributed the greater levels of eNOS to result from "an accumulation of apo-eNOS as
demonstrated in a hemin pull down assay". The authors do not show that apo-eNOS increases
under the conditions of the experiment.
The results of the hemin pulldown are consistent with a reduction in total eNOS after FECH
inhibition with NMPP (as seen on the input side of the blot), but what little eNOS remains is in the
apo form, as only the apo (heme-free) form of hemoproteins will bind to hemin-agarose beads. We
have now further clarified this point in Fig. 6, in the Fig. 6 legend, and in the text, pp. 8-9.
Do the 2 graphs directly under Figure 6C belong with Fig 6C or are they a separate
experiment?
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These two graphs belong with Fig 6E. We have adjusted the spacing of the figure to make this
grouping clearer.
Fig 6A-B show eNOS activity and FECH siRNA inhibition are proportional in HRECs, i.e.,
when FECH levels decrease eNOS levels also decrease, but Fig 6C shows that growth of
HRECs in the presence of NMPP increases eNOS.
As noted above and now more clearly explained in the text (pp. 8-9), the increase is only in the apo
form of eNOS, but overall eNOS is depleted.
Nevertheless, in the 2 graphs below Fig 6C, despite FECH depletion by Fech siRNA,
exogenous addition of hemin, the enzymatic product of FECH, increases or rescues eNOS
levels, but this couldn't possibly occur in vivo since heme is the enzymatic product of FECH.
The addition of hemin shows that depletion of FECH can be partially rescued (normalized) by its
enzymatic product in this in vitro context, confirming the relevance of FECH enzymatic activity to
this process.
Given the contradictory results in Fig 6A-C, if eNOS levels are lower in the FECH siRNA
depleted HRECs, that would mean there is LESS nitric oxide to stabilize HIF-1α, not more,
which weakly supports the HIF-1α data in Figure 6D. How does decreased levels of nitric
oxide tie in with the proposed model of FECH inhibition? The result in Fig 6C fits the logical
reasoning that inhibiting or depleting FECH increases eNOS levels and nitric oxide so that
HIF-1α is effectively stabilized by nitric oxide and neovascularization is averted. The data in
Fig 6A, B clearly supports decreased eNOS levels under the condition of FECH depletion by
Fech siRNA, whereas the data in Fig 6C where FECH inhibition by NMPP shows increased
eNOS levels. Perhaps the inhibition of the FECH gene or the inhibition of FECH modulates
different regulatory/feedback pathways, transcriptionally or post-translationally.
Since apo-eNOS, as detected in Fig. 6C, is enzymatically inactive, all data in Figs. 6A-C are
consistent: reduced FECH results in reduced eNOS protein levels, reduced eNOS hemylation, and
reduced NOS activity. Since NO can stabilize HIF-1α (Sandau et al., Blood, 2001), reduced eNOS
might be expected to be associated with reduced HIF-1α, which is what we observed on FECH
knockdown (Fig. 6D).
The authors claim there is a slight additive effect when griseofulvin is injected with an antiVEGF164 antibody (Fig EV5C), but there is no difference in CNV lesion volume in the last 3
bars of Figure 5C (dark red and 2 yellow bars). In fact, if there were an additive effect, the
light yellow bar would be at least half the size of the 2nd blue bar. None of the last 3 bars are
significantly different compared to injection of 50 µm griseofulvin alone (blue bar). The only
significant difference is the condition of injecting 0.2 µm anti-VEGF164 vs. 0.2 µm antiVEGF164 + 50 µM griseofulvin, which is a slight improvement but not additive (compared
bright red and light yellow bars).
As the reviewer notes, there is a slight improvement in CNV with the combination of griseofulvin
and 0.2 ng anti-VEGF versus each agent alone (the yellow bar is lower than either the blue or red
bars). We would argue that this justifies our assertion of a “modest additive effect”, but as we now
note in the text (p. 8), this should be explored further in future.
Specific Points
1. Fig 6C, need to show how levels of apo-eNOS were quantified, and if this correlates with the
increased amount of eNOS in the hemin pull down assay.
Please see above for clarification of this point.
2. On pp. 8, lines 176-178, the sentence "Despite the overall decrease in eNOS levels, we
observed that there was an accumulation of apo-eNOS as demonstrated in a hemin pull down
assay" needs to be rewritten. As written, this reviewer interpreted the pull down eNOS band
in Fig 6C to be identified as apo-eNOS.
The reviewer is correct in this interpretation of the text as written; please see above for details.
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3. Fig EV2, panels in B and C look like the same cells but at a different magnification. Panels
B should be labeled TUNEL and C should be labeled Caspase 3, respectively, to distinguish
between the 2.
We have double-checked and confirmed that these panels present the correct data. We have added
the suggested labels.
4. Fig EV2, Panel F, add to the legend in the top right (1 µM Griseofulvin) to distinguish it
from Panel D.
We have added the suggested label to this and the other panels.
5. Fig EV4, Panel G, need to add a line to connect the data points.
We have added the suggested line, although a true dose-response curve could not be fitted to this
particular data set.
6. FECH siRNA inhibits the Fech gene, which results in decreased FECH expression. On pp. 5,
line 89 and pp. 7, line 144, change "FECH" to Fech and other places in the text and figures.
We have checked all usages in the text and confirm that our usage is consistent with HGNC and
MGI recommendations: italicized FECH for the human DNA and mRNA, italicized Fech for the
mouse DNA and mRNA, and Roman FECH for the protein of both species.
7. Anti-VEGF164 and Griseofulvin do not appear to be additive to decrease CNV lesion
volume. On pp. 8, lines 165-168, need to state that synergy was not observed (or omit this
altogether) and only a slight improvement was found when anti-VEGF164 and Griseofulvin
used in combination.
Please see above for discussion of this point.
8. On pp. 21, line 477, replace "wells were serum starved in..." with "medium was replaced
with..."
Revised as suggested.
9. In the Abstract, pp. 2, line 24, replace "...knockdown or mutation of Fech..." with "...siRNA
knockdown of Fech or loss of function in the Fechm1Pas mouse model..."
Revised as suggested.
10. In the Results section, pp. 4, lines 70 and 72, add the word "the" before "...the affinity
reagent..."
Revised as suggested.
11. In the Results section, pp. 7, line 141, invert word order of "...active site FECH..." to
"FECH active site..."
Revised as suggested.
12. In the Results section, pp. 7, line 145, replace, "...to have effects..." with "...to reduce
neovascularization..."
We have clarified this text with alternative wording as we are not discussing neovascularization
here.
13. In the Results section, pp. 7, line 146, place the last word "However, this..." with
"Fortunately, the effective..."
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We have left this unchanged to avoid the bias implied by “fortunately”.
14. In the Results section, pp. 7, line 151, replace "Nor did griseofulvin have..." with
"Griseofulvin did not have..."
Revised as suggested.
15. In the Results section, pp. 7, line 152, replace "...and HUVECs..." with "...or HUVECs..."
Revised as suggested.
16. In the Results section, pp. 8, line 179, replace "As NO,..." with "Since NO,.." and "...causes
stabilization of hypoxia..." with "stabilizes hypoxia..."
Revised as suggested.
17. In the Results section, pp. 9, line 183, replace "As VEGF..." with "Since VEGF..." and
delete the word "then" in ...we then monitored..."
Revised as suggested.
18. In the Results section, pp. 9, lines 184, replace "...(activating) phosphorylation of the major
VEGF receptor...." with "...active phosphorylated..."
We have left this unchanged as the suggested change would require complete reworking of this
sentence.
19. In the Results section, pp. 9, lines 186 and 187, delete "...as growth factor..." and add
"...(Fig 6E), 'whereas the' production..."
Revised with similar wording to the suggestion.
We here upload the revised manuscript, six Figures, five Expanded View figures, and the Appendix
containing two Supplementary Figures. We also re-upload the Source Data files as we note that
some formatting issues arose in the previous conversion to PDFs, and we have made a minor edit
(addition of another loading control blot) to Fig. 6E and the corresponding Source Data. Thank you
again for accepting our manuscript.
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  used	
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  good	
  reporting	
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  to	
  improve	
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  reproducibility	
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  results.	
  These	
  guidelines	
  are	
  
consistent	
  with	
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  Principles	
  and	
  Guidelines	
  for	
  Reporting	
  Preclinical	
  Research	
  issued	
  by	
  the	
  NIH	
  in	
  2014.	
  Please	
  follow	
  the	
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  guidelines	
  in	
  preparing	
  your	
  manuscript.	
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A-‐	
  Figures	
  
1.	
  Data
The	
  data	
  shown	
  in	
  figures	
  should	
  satisfy	
  the	
  following	
  conditions:

http://ClinicalTrials.gov
http://www.consort-‐statement.org
http://www.consort-‐statement.org/checklists/view/32-‐consort/66-‐title

è the	
  data	
  were	
  obtained	
  and	
  processed	
  according	
  to	
  the	
  field’s	
  best	
  practice	
  and	
  are	
  presented	
  to	
  reflect	
  the	
  results	
  of	
  the	
  
experiments	
  in	
  an	
  accurate	
  and	
  unbiased	
  manner.
è figure	
  panels	
  include	
  only	
  data	
  points,	
  measurements	
  or	
  observations	
  that	
  can	
  be	
  compared	
  to	
  each	
  other	
  in	
  a	
  scientifically	
  
meaningful	
  way.
è graphs	
  include	
  clearly	
  labeled	
  error	
  bars	
  for	
  independent	
  experiments	
  and	
  sample	
  sizes.	
  Unless	
  justified,	
  error	
  bars	
  should	
  
not	
  be	
  shown	
  for	
  technical	
  replicates.
è if	
  n<	
  5,	
  the	
  individual	
  data	
  points	
  from	
  each	
  experiment	
  should	
  be	
  plotted	
  and	
  any	
  statistical	
  test	
  employed	
  should	
  be	
  
justified
è Source	
  Data	
  should	
  be	
  included	
  to	
  report	
  the	
  data	
  underlying	
  graphs.	
  Please	
  follow	
  the	
  guidelines	
  set	
  out	
  in	
  the	
  author	
  ship	
  
guidelines	
  on	
  Data	
  Presentation.

http://www.equator-‐network.org/reporting-‐guidelines/reporting-‐recommendations-‐for-‐tumour-‐marker-‐prognostic-‐studies
http://datadryad.org
http://figshare.com
http://www.ncbi.nlm.nih.gov/gap
http://www.ebi.ac.uk/ega

2.	
  Captions

http://biomodels.net/

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

http://biomodels.net/miriam/
http://jjj.biochem.sun.ac.za
http://oba.od.nih.gov/biosecurity/biosecurity_documents.html
http://www.selectagents.gov/

a	
  specification	
  of	
  the	
  experimental	
  system	
  investigated	
  (eg	
  cell	
  line,	
  species	
  name).
the	
  assay(s)	
  and	
  method(s)	
  used	
  to	
  carry	
  out	
  the	
  reported	
  observations	
  and	
  measurements	
  
an	
  explicit	
  mention	
  of	
  the	
  biological	
  and	
  chemical	
  entity(ies)	
  that	
  are	
  being	
  measured.
an	
  explicit	
  mention	
  of	
  the	
  biological	
  and	
  chemical	
  entity(ies)	
  that	
  are	
  altered/varied/perturbed	
  in	
  a	
  controlled	
  manner.

è the	
  exact	
  sample	
  size	
  (n)	
  for	
  each	
  experimental	
  group/condition,	
  given	
  as	
  a	
  number,	
  not	
  a	
  range;
è a	
  description	
  of	
  the	
  sample	
  collection	
  allowing	
  the	
  reader	
  to	
  understand	
  whether	
  the	
  samples	
  represent	
  technical	
  or	
  
biological	
  replicates	
  (including	
  how	
  many	
  animals,	
  litters,	
  cultures,	
  etc.).
è a	
  statement	
  of	
  how	
  many	
  times	
  the	
  experiment	
  shown	
  was	
  independently	
  replicated	
  in	
  the	
  laboratory.
è definitions	
  of	
  statistical	
  methods	
  and	
  measures:
 common	
  tests,	
  such	
  as	
  t-‐test	
  (please	
  specify	
  whether	
  paired	
  vs.	
  unpaired),	
  simple	
  χ2	
  tests,	
  Wilcoxon	
  and	
  Mann-‐Whitney	
  
tests,	
  can	
  be	
  unambiguously	
  identified	
  by	
  name	
  only,	
  but	
  more	
  complex	
  techniques	
  should	
  be	
  described	
  in	
  the	
  methods	
  
section;
 are	
  tests	
  one-‐sided	
  or	
  two-‐sided?
 are	
  there	
  adjustments	
  for	
  multiple	
  comparisons?
 exact	
  statistical	
  test	
  results,	
  e.g.,	
  P	
  values	
  =	
  x	
  but	
  not	
  P	
  values	
  <	
  x;
 definition	
  of	
  ‘center	
  values’	
  as	
  median	
  or	
  average;
 definition	
  of	
  error	
  bars	
  as	
  s.d.	
  or	
  s.e.m.	
  
Any	
  descriptions	
  too	
  long	
  for	
  the	
  figure	
  legend	
  should	
  be	
  included	
  in	
  the	
  methods	
  section	
  and/or	
  with	
  the	
  source	
  data.
Please	
  ensure	
  that	
  the	
  answers	
  to	
  the	
  following	
  questions	
  are	
  reported	
  in	
  the	
  manuscript	
  itself.	
  We	
  encourage	
  you	
  to	
  include	
  a	
  
specific	
  subsection	
  in	
  the	
  methods	
  section	
  for	
  statistics,	
  reagents,	
  animal	
  models	
  and	
  human	
  subjects.	
  	
  

In	
  the	
  pink	
  boxes	
  below,	
  provide	
  the	
  page	
  number(s)	
  of	
  the	
  manuscript	
  draft	
  or	
  figure	
  legend(s)	
  where	
  the	
  
information	
  can	
  be	
  located.	
  Every	
  question	
  should	
  be	
  answered.	
  If	
  the	
  question	
  is	
  not	
  relevant	
  to	
  your	
  research,	
  
please	
  write	
  NA	
  (non	
  applicable).

B-‐	
  Statistics	
  and	
  general	
  methods

Please	
  fill	
  out	
  these	
  boxes	
  ê	
  (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?

p.	
  19

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

p.	
  19

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

Exclusion	
  according	
  to	
  references	
  cited	
  on	
  p.	
  19

3.	
  Were	
  any	
  steps	
  taken	
  to	
  minimize	
  the	
  effects	
  of	
  subjective	
  bias	
  when	
  allocating	
  animals/samples	
  to	
  treatment	
  (e.g.	
  
randomization	
  procedure)?	
  If	
  yes,	
  please	
  describe.	
  

Randomization	
  by	
  cage,	
  p.	
  19

For	
  animal	
  studies,	
  include	
  a	
  statement	
  about	
  randomization	
  even	
  if	
  no	
  randomization	
  was	
  used.

p.	
  19

4.a.	
  Were	
  any	
  steps	
  taken	
  to	
  minimize	
  the	
  effects	
  of	
  subjective	
  bias	
  during	
  group	
  allocation	
  or/and	
  when	
  assessing	
  results	
   For	
  animal	
  studies	
  and	
  human	
  section	
  analysis,	
  investigators	
  were	
  masked.	
  Noted	
  on	
  pp.	
  19	
  and	
  20
(e.g.	
  blinding	
  of	
  the	
  investigator)?	
  If	
  yes	
  please	
  describe.

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

p.	
  19

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	
  based	
  on	
  prior	
  experience.

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

Yes.	
  See	
  all	
  figure	
  legends.

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

Yes;	
  see	
  figures.

C-‐	
  Reagents

6.	
  To	
  show	
  that	
  antibodies	
  were	
  profiled	
  for	
  use	
  in	
  the	
  system	
  under	
  study	
  (assay	
  and	
  species),	
  provide	
  a	
  citation,	
  catalog	
   Catalog	
  and/or	
  clone	
  numbers	
  for	
  all	
  antibodies	
  included	
  on	
  p.	
  13
number	
  and/or	
  clone	
  number,	
  supplementary	
  information	
  or	
  reference	
  to	
  an	
  antibody	
  validation	
  profile.	
  e.g.,	
  
Antibodypedia	
  (see	
  link	
  list	
  at	
  top	
  right),	
  1DegreeBio	
  (see	
  link	
  list	
  at	
  top	
  right).
7.	
  Identify	
  the	
  source	
  of	
  cell	
  lines	
  and	
  report	
  if	
  they	
  were	
  recently	
  authenticated	
  (e.g.,	
  by	
  STR	
  profiling)	
  and	
  tested	
  for	
  
mycoplasma	
  contamination.

pp.	
  12-‐13

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

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

p.	
  18

9.	
  For	
  experiments	
  involving	
  live	
  vertebrates,	
  include	
  a	
  statement	
  of	
  compliance	
  with	
  ethical	
  regulations	
  and	
  identify	
  the	
   p.	
  18
committee(s)	
  approving	
  the	
  experiments.

10.	
  We	
  recommend	
  consulting	
  the	
  ARRIVE	
  guidelines	
  (see	
  link	
  list	
  at	
  top	
  right)	
  (PLoS	
  Biol.	
  8(6),	
  e1000412,	
  2010)	
  to	
  ensure	
   Compliant	
  with	
  ARRIVE	
  guidelines.
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.

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.

NA

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

NA

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

F-‐	
  Data	
  Accessibility
18.	
  Provide	
  accession	
  codes	
  for	
  deposited	
  data.	
  See	
  author	
  guidelines,	
  under	
  ‘Data	
  Deposition’.

NA

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	
   NA
journal’s	
  data	
  policy.	
  If	
  no	
  structured	
  public	
  repository	
  exists	
  for	
  a	
  given	
  data	
  type,	
  we	
  encourage	
  the	
  provision	
  of	
  
datasets	
  in	
  the	
  manuscript	
  as	
  a	
  Supplementary	
  Document	
  (see	
  author	
  guidelines	
  under	
  ‘Expanded	
  View’	
  or	
  in	
  
unstructured	
  repositories	
  such	
  as	
  Dryad	
  (see	
  link	
  list	
  at	
  top	
  right)	
  or	
  Figshare	
  (see	
  link	
  list	
  at	
  top	
  right).
20.	
  Access	
  to	
  human	
  clinical	
  and	
  genomic	
  datasets	
  should	
  be	
  provided	
  with	
  as	
  few	
  restrictions	
  as	
  possible	
  while	
  
NA
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.	
  As	
  far	
  as	
  possible,	
  primary	
  and	
  referenced	
  data	
  should	
  be	
  formally	
  cited	
  in	
  a	
  Data	
  Availability	
  section.	
  Please	
  state	
  
NA
whether	
  you	
  have	
  included	
  this	
  section.
Examples:
Primary	
  Data
Wetmore	
  KM,	
  Deutschbauer	
  AM,	
  Price	
  MN,	
  Arkin	
  AP	
  (2012).	
  Comparison	
  of	
  gene	
  expression	
  and	
  mutant	
  fitness	
  in	
  
Shewanella	
  oneidensis	
  MR-‐1.	
  Gene	
  Expression	
  Omnibus	
  GSE39462
Referenced	
  Data
Huang	
  J,	
  Brown	
  AF,	
  Lei	
  M	
  (2012).	
  Crystal	
  structure	
  of	
  the	
  TRBD	
  domain	
  of	
  TERT	
  and	
  the	
  CR4/5	
  of	
  TR.	
  Protein	
  Data	
  Bank	
  
4O26
AP-‐MS	
  analysis	
  of	
  human	
  histone	
  deacetylase	
  interactions	
  in	
  CEM-‐T	
  cells	
  (2013).	
  PRIDE	
  PXD000208
22.	
  Computational	
  models	
  that	
  are	
  central	
  and	
  integral	
  to	
  a	
  study	
  should	
  be	
  shared	
  without	
  restrictions	
  and	
  provided	
  in	
  a	
   NA
machine-‐readable	
  form.	
  	
  The	
  relevant	
  accession	
  numbers	
  or	
  links	
  should	
  be	
  provided.	
  When	
  possible,	
  standardized	
  
format	
  (SBML,	
  CellML)	
  should	
  be	
  used	
  instead	
  of	
  scripts	
  (e.g.	
  MATLAB).	
  Authors	
  are	
  strongly	
  encouraged	
  to	
  follow	
  the	
  
MIRIAM	
  guidelines	
  (see	
  link	
  list	
  at	
  top	
  right)	
  and	
  deposit	
  their	
  model	
  in	
  a	
  public	
  database	
  such	
  as	
  Biomodels	
  (see	
  link	
  list	
  
at	
  top	
  right)	
  or	
  JWS	
  Online	
  (see	
  link	
  list	
  at	
  top	
  right).	
  If	
  computer	
  source	
  code	
  is	
  provided	
  with	
  the	
  paper,	
  it	
  should	
  be	
  
deposited	
  in	
  a	
  public	
  repository	
  or	
  included	
  in	
  supplementary	
  information.

G-‐	
  Dual	
  use	
  research	
  of	
  concern
23.	
  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

