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1st Editorial Decision 23 November 2015

Thank you for the submission of your manuscript to EMBO Molecular Medicine. We have now
heard back from the three referees whom we asked to evaluate your manuscript. Although the
referees find the study to be of potential interest, they also raise a number of concerns that must be
addressed in the next final version of your article.

You will see from the comments below that all referees find the study interesting and referee 3
particularly highlights its translational relevance. While referees 2 and 3 are generally more
supportive, referee 1 is rather critical of the experimental design and is concerned about the CNV
model and the mouse model used as well as existing literature previously establishing that IFNbeta
inhibits laser-induced CNV in rabbits and monkeys. As we feel that requested experiments would
certainly improve the robustness of the data, we would like to invite you to address all issues as
suggested, and experimentally when needed.

Given these evaluations, I would like to give you the opportunity to revise your manuscript, with the
understanding that the referee concerns must be fully addressed and that acceptance of the
manuscript would entail a second round of review. Please note that it is EMBO Molecular Medicine
policy to allow only a single round of revision and that, as acceptance or rejection of the manuscript
will depend on another round of review, your responses should be as complete as possible.

I look forward to seeing a revised form of your manuscript as soon as possible.
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*EEXX Reviewer's comments *****

Referee #1 (Comments on Novelty/Model System):

Generally the laser lesions are (i) too close to the optic nerve (they are classically applied 4-5 optic
nerve diameters away from the optic nerve) and (ii) not evenly distributed around the optic nerve.
As a result some of the CNV formations fuse between two laser lesions which greatly influences
their size as the bridging CNV lesions are bigger than two single CNV lesions.

Referee #1 (Remarks):

This is a potentially interesting manuscript about the role of IFN beta and its receptor IFNAR in
subretinal inflammation and choroidal neovascularization. There are however several major
problems that should be addressed. Generally the laser lesions are (i) too close to the optic nerve
(they are classically applied 4-5 optic nerve diameters away from the optic nerve) and (ii) not evenly
distributed around the optic nerve. As a result some of the CNV formations fuse between two laser
lesions which greatly influences their size as the bridging CNV lesions are bigger than two single
CNV lesions. The inflammation was only analyzed at d3, even though the vascular changes are
invariably only observed at d14. If the differences in IBA1+cells at d3 were responsible for the
vascular phenotype, you would expect the vascular phenotype to be different at d7. It seems
therefore likely that the IFNAR1-dependent differences in inflammatory phenotype that are
responsible for the vascular changes occur at a later stage, or they should at least be analyzed
additionally at a later time point. The analysis of the Cx3cr1CreER:Ifnarlfl/fl mice does not allow to
specifically analyze microglial IFNRA1 expression per se in this model, as the lesion was made in
the choroid that contains numerous resident macrophages that likely express cx3crl and also have a
slow turn-over. Also the deletion of Ifnarl was not controlled for in the tissue and the different
macrophage populations in the hands of the authors and a Cre-expressing control is missing.
IFNART expression is not analyzed in the model and other cell types that might express IFNAR1
and mediate the therapeutic effect of IFN beta are therefore not recognized.

Abstract and discussion:

The authors state in several sentences to have analyzed the specific role of microglial IFNARI.
These conclusions can not be drawn from the presented data as there are likely other resident
macrophages with a slow turnover and a decent Cx3crl expression that particiapte in the
inflammation associated with the laser-injury. (...interferon- signaling in the retina accelerates
microgliosis ... enhanced early microglia reactivity in lesion areas ... IFNAR in microglia only)

Introduction :

The privious study by Yasukawa et al on interferon and CNV in rabbits is not mentioned in the
instroduction. A previous study on laser-induced CNV in monkeys is not cited anywhere in the
manuscript (Nippon Ganka Gakkai Zasshi. 1995 May;99(5):571-81.The effect of interferon-beta on
experimental choroidal neovascularization. Tobe T1, Takahashi K, Ohkuma H, Uyama M.) There
also is an interesting case report about an interferon beta and CNV that is not cited at all (Retina.
2006 Nov-Dec;26(9):1091-2. Resolution of activity (choroiditis and choroidal neovascularization)
of chronic recurrent punctate inner choroidopathy after treatment with interferon B-1A. Cirino ACI,
Mathura JR Jr, Jampol LM.)

Results :

Figure 1 : In the experiments represented in Figure 1 the authors analyzed IBA1+cell infiltration
(d3) and CNV (d3, d7, d14) in wildtype and Ifnar-/- mice. The results presented in figure 1 do not
allow a diferentiation between microglia, infiltrating inflammatory macrophages or choroidal
resident macrophages. The authors need to be more precise in their wording as the cells they count
in the lesions likely are a mixture of all three cell types.

The authors counted amoboid IBA1+cells and crossing points. The total number of IBA1+cells
needs also to be shown. Why were the IBA1+ cells only quantified at d3, when the vascular changes
are only apparant at d14 ? A later analysis of IBA1 cell numbers and phenotype is necessary if the
authors think that their the IBA1 cell phenotype is the reason for the vascular differences.

The CNV lesions are very close to the optic nerve. In panel N and P, CNV bridging two to three
laser lesions are visible. When laser lesions are two clos to each other a CNV lesion often forms
between two laser lesions, which is bigger than the addition of two seperate lesions. I would
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therefore suggest not to include bridging CNV lesions, as their size is also influenced by the aleatory
distance to the neighbouring CNV. Also I am not sure I understand the quantification method of
angiography fluorescence by choosing two regions of interest (ROI) within and one ROI outside the
laser spots. Are the CNV size quantifications per/Impact ? if so, how were confluent CNVs
quantified ? Why did the authors use lectin as a vascular stain, as it also marks activated IBA1 cells?

Figure 2. : In the experiments represented in Figure 2 the authors analyzed IBA1+cell infiltration
(d3) and CNV (d3, d7, d14) in mice treated with IFN beta. Again the IBA1 cell number and
phenotypes were only analyzed at d3, when the vascular differences only appeared 11days later.
Also the total number of IBA1+cells is again missing. Panel N reveals confluent CNVs. Also the
laser spots are sometimes distributed equally around the optic nerve (M) sometimes only to one side
of the ON(N). The authors also measured " edema * formation in this set of experiments. Edema is a
fluid accumulation within the tissue (either intracellularly or inter cellularly). How do the authors
distinguish between edema and infiltrating cells (IBA1+cells and proliferating endothelial cells) in
the OCT images ?

Figure 3 : In Figure 3 the authors analyzed IBA1+cell infiltration (d3) and CNV (d3, d7, d14) in
Ifnar1fl/fl mice and tamoxifen-treated Cx3crl1CreER:Ifnar1{l/fl mice. The authors induced Cre
expression 28 and 26 days prior to the laser lesion which should permanently delete the Ifnarl gene
in cells that express high levels of Cx3crl. 26 days after the TAM treatment cells with a high
turnover, such as monocytes will again express Ifnar. The authors therefore state that the
experimental mice only have a lack of Ifnar in microglial cells. This is however likely incorrect, as
resident macrophages in choroid and ciliary body also have a very slow turnover. They likely
participate in the laser-induced inflammation (they are actually closer to the burn than microglial
cells) and will likely still lack (at least in part) Ifnar expression. It is therefore nor possibly to
decipher the role of ifnar in only microglial cells using these mice.

The efficiency of Ifnar deletion in Cx3crl expressing cells with high and low turnover were not
analyzed in the hands of the authors and no data from Cx3crl cre expressing mice is presented.
The Ibal cells in panel B (Ifnarl fl/fl) look very differently to the ones shown in Fig. 1B (wildtype)
why is that ? The laser spots are again very close to the optic nerve (one CNV in panel N seems to
actually merge with the optic nerve). They are again not distributed equally, sometimes being only
on one side of the optic nerve, sometimes all around.

Referee #2 (Comments on Novelty/Model System):

Due to lack of animal models that approximate macular degeneration, laser injury may be
acceptable.

Referee #2 (Remarks):

mboThe goal of the study was to analyze the role of interferon (IFN)-fl and its receptor (IFNAR) in
the laser model of retinal injury The key findings of this study were: (1) Laser-treated Ifnarl-/- mice
showed enhanced microglia activity resulting in vascular leakage and choroidal neovascularization
(CNV). (2) Laser-treated Cx3cr1CreER:Ifnar1{l/fl mice (ie depletion of IFNAR in microglia only)
showed similar effects. (3) IFN-fl treated wild-type mice displayed decreased microgliosis, vascular
leakage and CNV lesion size. This results demonstrate a strong influence of IFN-fl signaling on
retinal microglia activity and may offer new therapeutic strategies for acute retinal injuries.

Major comments

1. The authors should show cross sections of the CNV lesions induced laser coagulation as well as
cross sections stained with Ibal.

2. It would be informative to include the expression level of Ifnar in wt, Ifnarl-/- and
Cx3crlCreER:Ifnarlfl/fl mice in the retina using immunoblot and immunohistochemistry

3. Acute laser injury may not have relevance to a chronic degeneration disorder, including age
related macular degeneration.

© EMBO
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Minor comments:

1. Laser-treated wild-type mice are labeled as C57BL6/J in Figure 1 and as control in Figure 2 -
please make it consistent.
2. Figure 2C: the label "+IFN-fl" is not necessary as it

Referee #3 (Comments on Novelty/Model System):

This is an exciting study with significant translational potential. The model systems are adequate but
some additonal controls would be required especially in the studies using tamoxifen induced Cre
recombinase expression in microglial cells. Further details are outline din my comments below.

Referee #3 (Remarks):

This manuscript by L ckoff and colleagues focuses on the role of interferon-beta in the regulation of
choroidal neovascularisation, the end stage of the relatively common form of blindness wet age-
related macular degeneration (AMD). The authors also show that interferon-beta is intimately
involved in regulating microglial homeostasis and a lack of IFN-beta can induce microgliosis.

Using mice lacking the interferon receptor, the authors show that microglial reactivity was increased
in regions of laser induced CNV (a model of neovascular AMD). The authors showed similar results
in floxed mice that had IFNAR deleted specifically in microglial cells.

Strikingly, and what represents an exciting translational finding, the authors showed that systemic
IFN-beta therapy in mice post induction of laser CNV showed significantly decreased CNV lesions
and that IFN-beta therapy could have utility in the treatment of neovascular AMD patients.

Below are some specific comments for the authors to address
1. The quantification of amoeboid shaped cells in Fig 1B/D will need to be elaborated upon in the
methods section as it strikes me as a very subjective way of data analysis.

2. What is the homology of human IFN-beta to mouse IFN-beta and are there differences in
bioactivity between the two? Human IFN-beta only has 60% homology to mouse IFN-beta...would
there be differences in therapeutic readout if the authors used mouse IFN-beta?

3. Figure 3 should have included a control group of the Cx3crl1CreER mice on their own. It is
widely accepted that Cre recombinase can have biological effects and toxicity when expressed in
cells and this control would be important to include in the figure. This control would need to be used
in all sub-sections of Figure 3. It will markedly strengthen the paper.

1st Revision - authors' response 10 March 2016

Referee #1

This is a potentially interesting manuscript about the role of IFN beta and its receptor IFNAR
in subretinal inflammation and choroidal neovascularization.

There are however several major problems that should be addressed.

1. Generally the laser lesions are (i) too close to the optic nerve (they are classically applied 4-5
optic nerve diameters away from the optic nerve) and (ii) not evenly distributed around the
optic nerve. As a result some of the CNV formations fuse between two laser lesions which
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greatly influences their size as the bridging CNV lesions are bigger than two single CNV
lesions.

Response:

When studying laser-coagulation in mice there are several limitations mainly due to the small eye,
large lens and the differences in optics of small rodents. We have done our best to ensure that the
laser lesions were equally distributed at 3, 9 and 12 o’clock positions. In case the laser spots seen in
IR images fused with each other or with the optic disc the whole eye was excluded from analysis.
Our protocol is in accordance with several well accepted publications showing laser lesions in
rodents and especially in mice with 1-3 optic nerve diameters away from the ON.

The reference we have cited in our manuscript is: Lambert et al. 2013, Laser-induced choroidal
neovascularization model to study age-related macular degeneration in mice. Nat Protoc 8: 2197-
211. Other good examples can be found in Campa et al. IOVS 2008, 49:1178 or Horie et al. SciRep
2013, 3:3072 or Gammons et al. IOVS 2013, 54:6052 or Zhang et al. PNAS 2009, 106:6152-7 and
several others.

For the reviewer's information, we show here representative infrared images of the retinal fundus of
some experimental mice analyzed in our study. You will see that there were no laser lesions fused
with each other or the optic disc. It is however possible, especially at late stage in severely affected
Ifnarl” and Cx3cr1< ™ Ifnar "*"°* mice that sometimes fusions of the leakage areas or CNV may
occur. We think that this is a real biological phenomenon that arises from the strong effect of Ifnar
deficiency on immune cell activity and subsequent angiogenic responses. We have constantly and
exclusively noticed these fused CNV in Ifnarl deficient animals. This is in full agreement with the
hypothesis and findings of our study and therefore, we cannot exclude these important findings in
the revised manuscript.

C57BL6/J Ifnar1- IFN-B treated Cx3criCreer Ifnar1f Cx3cri1°~tR:Ifnartf

400 pm

Response to reviewers Figure: Representative infrared fundus images of laser coagulation
experiments for all different mouse strains and the treatment study presented in our manuscript.
Relatively equal distributions without fusions can be noticed.

2. The inflammation was only analyzed at d3, even though the vascular changes are invariably
only observed at d14. If the differences in IBA1+cells at d3 were responsible for the vascular
phenotype, you would expect the vascular phenotype to be different at d7. It seems therefore
likely that the IFNAR1-dependent differences in inflammatory phenotype that are responsible
for the vascular changes occur at a later stage, or they should at least be analyzed additionally
at a later time point.

Response:

We fully agree with the reviewer. To close this gap between early inflammation and late CNV
changes we have now performed additional analyses in all three analysis groups (Ifnarl”, IFN-b
therapy and Cx3cr1 ™ :Ifnar "% animals) with retinal sections at day 3 and RPE/choroidal flat
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mounts at day 7. These data can be found in the Expanded View Figures EVI, EV2 and EV3. They
show that mononuclear phagocytes in Ifnarl” and Cx3crl“ ™ :Ifnar "™ animals are longer
activated and accumulate in the subretinal space. These images also show a faster clearance of
reactive microglia/macrophages in the laser spots of IFN-f3 treated mice.

3. The analysis of the Cx3cr1CreER:Ifnar1fl/fl mice does not allow to specifically analyze
microglial IFNARI1 expression per se in this model, as the lesion was made in the choroid that
contains numerous resident macrophages that likely express cx3crl and also have a slow turn-
over.

Response:

We agree with the reviewer that potentially long-lived resident Ibal+ cells e.g. choroidal
macrophages could also contribute to the effect seen when using the Cx3cr1 ™ - Ifnar " model.
To overcome the potential confusion when using only the term ‘“microglia”, we have now
throughout the manuscript used the terms “Ibal+ cells”, “microgia/macrophages” or
“mononuclear phagocytes”. We think that all three terms are scientifically correct and we have also
included a reference that gives some information on non-microglial mononuclear cells in the eye:
McMenamin PG (1999) Dendritic cells and macrophages in the uveal tract of the normal mouse
eye. Br J Ophthalmol 83:598-604. However, this reference and also other papers we found did not
really define how long these cells could potentially live or when they are repopulated.

4. Also the deletion of Ifnarl was not controlled for in the tissue and the different macrophage
populations in the hands of the authors and a Cre-expressing control is missing.

Response:

We have now performed additional experiments to demonstrate Ifnar deletion in Ifnarl'/' and
Cx3er1 R Ifnar """ animals (Appendix Supplementary Figure S3). Therefore, we have used
genomic PCR to demonstrate the genomic deletion of Ifnarl exon 10 (Appendix Fig.S34), Western
blot analysis of total retinal extracts of Ifnarl” and Cx3crl“*®:Ifnar™ " animals using a
specific anti-Ifnar antibody (Appendix Fig.S3B), and immunohistochemical staining of sections from
Ifnarl” and Cx3cr1“ ™ Ifnar "™ mice using the same specific anti-Ifnar antibody together with
Ibal (Appendix Fig.S34). We also tried to perform ex vivo isolation of Ibal+ cells with MACS and
thereafter perform FACS analysis but this experimental set up repeatedly failed because of
limitations in total Ibal+ cell numbers and obviously incompatibility of the antibody for FACS.

5. IFNARI1 expression is not analyzed in the model and other cell types that might express
IFNARI1 and mediate the therapeutic effect of IFN beta are therefore not.

Response:

This question was already partially covered in the response to question 4. Appendix Fig.S3B shows
protein expression levels of Ifnar in total retinal extracts of wild-type mice, a lack of expression in
Ifnarl” mice and reduced levels in Cx3crl1“® :Ifnar """ animals. Furthermore, we demonstrate
a good co-localization of Ifnarl with Ibal in retinal sections of wild-type mice, which is lost when
Ifnarl” and Cx3crl1““®:Ifnar™"* animals were analyzed (see Appendix Supplementary Figure
S3C). These data show that the therapeutic effect of IFN-b is very likely mediated by mononuclear
phagocytes that express Ifnarl.

6. Abstract and discussion:

The authors state in several sentences to have analyzed the specific role of microglial IFNARI1.
These conclusions cannot be drawn from the presented data as there are likely other resident
macrophages with a slow turnover and a decent Cx3crl expression that participate in the
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inflammation associated with the laser-injury. (...interferon-&#x03B2; signaling in the retina
accelerates microgliosis ... enhanced early microglia reactivity in lesion areas ... IFNAR in
microglia only)

Response: Please see response to question 3

To overcome the potential confusion when using only the term “microglia”, we have now
throughout the manuscript used the terms “Ibal+ cells”, “microglia/macrophages” or
“mononuclear phagocytes”.

7. Introduction:

The previous study by Yasukawa et al on interferon and CNYV in rabbits is not mentioned in
the introduction. A previous study on laser-induced CNV in monkeys is not cited anywhere in
the manuscript (Nippon Ganka Gakkai Zasshi. 1995 May;99(5):571-81.The effect of
interferon-beta on experimental choroidal neovascularization. Tobe T1, Takahashi K,
Ohkuma H, Uyama M.) There also is an interesting case report about an interferon beta and
CNV that is not cited at all (Retina. 2006 Nov-Dec;26(9):1091-2. Resolution of activity
(choroiditis and choroidal neovascularization) of chronic recurrent punctate inner
choroidopathy after treatment with interferon B-1A. Cirino AC1, Mathura JR Jr, Jampol
LM.)

Response:

The publication by Yasukawa et al. was already cited in the first submitted manuscript but was
included in the discussion and not introduction. Since the Yasukawa article is well suited to discuss
common and divergent findings related to our study we still think that discussion is the better place
than introduction.

We have included the two other mentioned article in the introduction, the text reads as follows:
“Previous studies have shown beneficial effects of IFN-f treatment on laser-induced CNV in rabbits
(Kimoto et al, 2002) and monkeys (Tobe et al, 1995) by influencing the function of RPE and
endothelial cells. Here, we demonstrate a pivotal effect of Ifnar/IFN-f-signaling in retinal microglia
and macrophages cells that reduce the inflammatory and angiogenic events and thereby limit the
development of CNV lesions.”

Both papers were also discussed in conjunction with the case report by Cirino et al.: “In
accordance with this hypothesis, IFN-f treatment also ameliorated laser-induced CNV in rabbits
(Kimoto et al, 2002) and monkeys (Tobe et al, 1995). Of note, a patient with multiple sclerosis and
punctate inner choroidopathy could significantly profit from systemic IFN-f therapy and was
subsequently free of active CNV (Cirino et al, 2006).

8. Results:

Figure 1: In the experiments represented in Figure 1 the authors analyzed IBA1l+cell
infiltration (d3) and CNV (d3, d7, d14) in wildtype and Ifnar-/- mice. The results presented in
figure 1 do not allow a differentiation between microglia, infiltrating inflammatory
macrophages or choroidal resident macrophages. The authors need to be more precise in their
wording as the cells they count in the lesions likely are a mixture of all three cell types.

Response: Please see response to question 3

To overcome the potential confusion when using only the term “microglia”, we have now
throughout the manuscript used the terms “lbal+ cells”, “microglia/macrophages” or
“mononuclear phagocytes”.
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9. The authors counted amoeboid IBAl+cells and crossing points. The total number of
IBA1l+cells needs also to be shown.

Response:

The total number of Ibal+ cells was counted and is now included in Appendix Figure S1. It was not
statistically different between the mouse groups analyzed.

10. Why were the IBA1+ cells only quantified at d3, when the vascular changes are only
apparent at d14? A later analysis of IBA1 cell numbers and phenotype is necessary if the
authors think that the Ibal cell phenotype is the reason for the vascular differences.

Response: Please see response to question 2

11. The CNYV lesions are very close to the optic nerve. In panel N and P, CNV bridging two to
three laser lesions are visible. When laser lesions are two close to each other a CNV lesion
often forms between two laser lesions, which is bigger than the addition of two separate
lesions. I would therefore suggest not to include bridging CNV lesions, as their size is also
influenced by the aleatory distance to the neighboring CNV.

Response. Please see response to question 1

12. Also I am not sure I understand the quantification method of angiography fluorescence by
choosing two regions of interest (ROI) within and one ROI outside the laser spots. Are the
CNYV size quantifications per/Impact? If so, how were confluent CNVs quantified?

Response

The CNV quantification was done as mean values per eye. Two ROIs inside the leakage and one
lesion in the background are illustrated in the next figure (for review purpose only) (4). To localize
the laser spots, infrared images taken in the same positions were used as reference (B).

A Fundus fluorescein angiography Infrared

Response to reviewers Figure: Representative fundus fluorescein angiography and infrared fundus
images of laser coagulation experiments delineating the ROI and quantification methods.

The text in the Materials and Methods section reads as follows:
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“To quantify the laser-induced vascular leakage the pixel intensity was measured in two regions of
interests (ROI) within and one ROI outside each laser spot using the image processing program
ImageJ (NIH). Because three laser spots were induced per eye, we quantified the pixel intensity of
six ROI within and three ROI outside the fluorescein leakages. After averaging the values and
subtracting the background, one data point represented the mean laser-induced leakage per eye.
Eyes were excluded from the analysis in case of choroidal hemorrhages and when laser lesions
completely fused with each other or the optic nerve head.”

13. Why did the authors use lectin as a vascular stain, as it also marks activated IBA1 cells?

Response

Ibal-lectin co-staining of retinal cryosections and RPE/choroidal flat mounts revealed that lectin
does not co-stain mononuclear phagocytes similarly as with Ibal (see Expanded View Figures EV1,
EV2, EV3). Staining with lectin is a commonly used and widely cited technique in the field to detect
neovessels and there is no superiority of FITC-dextran staining in our opinion. Moreover, dextran-
staining requires an elaborate animal perfusion to reach all blood vessels. This procedure is quite
error-prone and not easy to standardize. For the reviewer, we have performed dextran/lectin double
stainings of mouse RPE/choroidal flat mounts 7 days after laser coagulation. This image shows that
lectin is well suited and that it seems superior to dextran as it stains more vessels and can be better
quantified.

Response to reviewers Figure: Representative co-labeling of lectin and dextran in mouse
RPE/choroidal flat mounts 7 days after laser coagulation.

14. Figure 2: In the experiments represented in Figure 2 the authors analyzed IBAl+cell
infiltration (d3) and CNV (d3, d7, d14) in mice treated with IFN beta. Again the IBA1 cell
number and phenotypes were only analyzed at d3, when the vascular differences only
appeared 11days later.

Response: Please see response to question 2

15. Also the total number of IBA1+cells is again missing.

Response: Please see response to question 9

16. Panel N reveals confluent CNVs. Also the laser spots are sometimes distributed equally
around the optic nerve (M) sometimes only to one side of the ON (N).

© EMBO
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Response: Please see response to question 1

17. The authors also measured &#x00AB; edema &#x00BB; formation in this set of
experiments. Edema is a fluid accumulation within the tissue (either intracellular or inter
cellular). How do the authors distinguish between edema and infiltrating cells (IBA1+cells and
proliferating endothelial cells) in the OCT images?

Response:

Since we do not have ultimate proof that the structure seen in OCT is edema/fluid and since these
data are not fundamental for the story, we have excluded this figure subpanel from the revised

paper.

18. Figure 3: In Figure 3 the authors analyzed IBA1+cell infiltration (d3) and CNV (d3, d7,
d14) in Ifnar1fl/fl mice and tamoxifen-treated Cx3cr1CreER:Ifnar1fl/fl mice. The authors
induced Cre expression 28 and 26 days prior to the laser lesion which should permanently
delete the Ifnarl gene in cells that express high levels of Cx3crl. 26 days after the TAM
treatment cells with a high turnover, such as monocytes will again express Ifnar. The authors
therefore state that the experimental mice only have a lack of Ifnar in microglial cells. This is
however likely incorrect, as resident macrophages in choroid and ciliary body also have a very
slow turnover. They likely participate in the laser-induced inflammation (they are actually
closer to the burn than microglial cells) and will likely still lack (at least in part) Ifnar
expression. It is therefore nor possibly to decipher the role of ifnar in only microglial cells
using these mice.

Response: Please see response to question 3

19.The efficiency of Ifnar deletion in Cx3crl expressing cells with high and low turnover were
not analyzed in the hands of the authors and no data from Cx3crl cre expressing mice is
presented.

Response: Please see response to question 4

21. The laser spots are again very close to the optic nerve (one CNV in panel N seems to
actually merge with the optic nerve). They are again not distributed equally, sometimes being
only on one side of the optic nerve, sometimes all around.

Response. Please see response to question 1

Referee #2
Major comments

1. The authors should show cross sections of the CNV lesions induced laser coagulation as well
as cross sections stained with Ibal.

Response:
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This comment was very valid and also refers to question 2 of reviewer 1. To close this gap between
early inflammation and late CNV changes we have now performed additional analyses in all three
experimental groups (Ifnarl”, IFN-b therapy and Cx3crl<“®:Ifnar"" animals) with retinal
cross sections at day 3 and RPE/choroidal flat mounts at day 7. These data can be found in the
Expanded View Figures EVI1, EV2 and EV3. They show that mononuclear phagocytes in Ifnar]'/'
and Cx3cr1 R Ifnar """ animals are longer activated and accumulate in the subretinal space
compared to their respective controls. These images also show a faster clearance of reactive
microglia/macrophages in the laser spots of IFN-f treated mice.

2. It would be informative to include the expression level of Ifnar in wt, Ifnarl-/- and
Cx3cr1CreER:Ifnar1fl/fl mice in the retina using immunoblot and immunohistochemistry

Response:

We fully agree with this comment that partially relates to question 4 of reviewer 1. We have now
performed  additional ~ experiments to demonstrate Ifnar deletion in Ifnarl” and
Cx3cr1“R: Ifnar "% animals (Appendix Supplementary Figure S3). Therefore, we have used
genomic PCR to demonstrate the genomic deletion of Ifnarl exon 10 (Appendix Fig.S34), Western
blot analysis of total retinal extracts of Ifnarl” and Cx3crl“®:Ifnar™ " animals using a
specific anti-Ifnar antibody (Appendix Fig.S3B), and immunohistochemical staining of sections from
Ifnarl” and Cx3cr1“ ™ Ifnar " mice using the same specific anti-Ifnar antibody together with
Ibal (Appendix Fig.S34). We also tried to perform ex vivo isolation of Ibal+ cells with MACS and
thereafter perform FACS analysis but this experimental set up repeatedly failed because of
limitations in total Ibal+ cell numbers and obviously incompatibility of the antibody for FACS.

3. Acute laser injury may not have relevance to a chronic degeneration disorder, including age
related macular degeneration.

Response:

We are aware of the fact that the murine laser-coagulation model has some limitations especially
related to the aspect of aging. However, our hypothesis for this work was that Ifnar signaling has a
potential therapeutic effect by limiting retinal inflammation and thereby indirectly also choroidal
neovascularization, both typical hallmarks of AMD. These aspects were well covered by the model
and in addition we had the option to use several different genetically modified animals. Throughout
the manuscript we were very careful not to over-interpret our findings.

Minor comments:

1. Laser-treated wild-type mice are labeled as C57BL6/J in Figure 1 and as control in Figure 2
- please make it consistent.

Response:
The labels in Figure 2 were changed to ‘C57BL6/J".

2. Figure 2C: the label "+IFN-{} is not necessary as it

Response:
The label “+IFN-f3” in Figure 2C was removed.

© EMBO



EMBO Molecular Medicine Peer Review Process File - EMM-2015-05994

Referee #3

1. The quantification of amoeboid shaped cells in Fig 1B/D will need to be elaborated upon in
the methods section as it strikes me as a very subjective way of data analysis.

Response:

For quantification of mononuclear phagocyte morphology, we followed a method using a grid
system to determine the number of grid crossing points published by Chen et al., 2012, Glia 60:833-
42 (cited herein). The same method has been published by our group in a paper by Scholz et al., J
Neuroinflammation. 2015 12:201. For quantification we used at least three different laser lesions of
three independent animals. This information is added in the Materials and Methods section of the
revised version as follows “The total number of Ibal+ cells and the number of amoeboid-shaped
cells were counted within a circular region of 200 um diameter around the laser spots. Cellular
morphology was analyzed using a grid system to determine the number of grid crossing points per
cell (n=40-70 cells; from at least 3 different retinas per group) (Chen et al, 2012).”

2. What is the homology of human IFN-beta to mouse IFN-beta and are there differences in
bioactivity between the two? Human IFN-beta only has 60% homology to mouse IFN-
beta...would there be differences in therapeutic readout if the authors used mouse IFN-beta?

In this translational work, we made use of human IFN-f3 because of its relevance as a known human
therapeutic compound. Human interferon-b has been widely used in previously published reports in
vitro and in animal models, including in vitro assays with bovine RPE cells and in vivo experiments
with rabbits (Yasukawa et al., IOVS 2002, 43:842; this paper is also cited in this manuscript).
Nevertheless, we have performed additional in vitro experiments with microglial cells for the
reviewer's information (see Figure below). Real-time qPCR data on classical interferon-b target
genes (myxovirus resistance 1 and 2, Mx1 and Mx2) showed that human interferon-b has good
biological activity in the murine BV-2 cells line, albeit at lower levels that murine interferon-b.
Interestingly, a human SV40 immortalized microglia cell line showed nearly the same induction of
Mx1 after human interferon-b treatment than BV-2 cells did. Therefore, given the dose and
repeated administration of human interferon-b in our model, we think that there would be no major
differences in the therapeutic read out, which was already highly significant as can be seen from
Figure 2.

A Mx1 B Mx2 C Mx1

60007 Bv2 3007 Bv2 600 human IFN-B
_ 5000 S . igg
2 4000 2 200 2 300
[5] [7) [*]
2 3000 2 150 3 200 ﬁ
£ 500 £ 50 £ 10
T 400 B 40 k] 8
2 300 £ 2 6
X 200 X 20 ol 4

100 10 2

0 0 0
untreated human murine untreated human murine BVvV2 SV40 BV2 SV40
IFN-B IFN-B IFN-B8 IFN-B untreated human IFN-B

Response to reviewers Figure: Representative real-time qRT-PCR data on classical interferon-b
target genes (Mxl and Mx2) after stimulation of murine BV-2 microglia and human SV40
immortalized microglia with human interferon-b.
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3. Figure 3 should have included a control group of the Cx3cr1CreER mice on their own. It is
widely accepted that Cre recombinase can have biological effects and toxicity when expressed
in cells and this control would be important to include in the figure. This control would need
to be used in all sub-sections of Figure 3. It will markedly strengthen the paper.

Response:

This comment was very valid and we have now included the analysis of Cx3cr mice in all
subpanels of Figure 3 as well as in Figure EV3. Moreover, the text was changed to include this
important control at all relevant passages of the manuscript.

1 CreER

2nd Editorial Decision 30 March 2016

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 final editorial amendments.

I look forward to receiving a new revised version of your manuscript as soon as possible, and within
2 weeks.

*EkxEE Reviewer's comments *#%*#%
Referee #1 (Comments on Novelty/Model System):

while the effect of IFN beta on CNV was previously known this paper shows its important role on
mononuclear phagocytes using adequate genetic mouse models. I am not sure this results will
directly translate into a new medical approach as the major pharmacological culprits of IFN stability
and necessary slow release formulations seem to me to be a remaining major challenge.

Referee #1 (Remarks):

The additional experiments (analysis at intermediate time points, the verification of gene deletion
and the analysis of Cre expressing controls) and the correct wording ("Ibal+ cells",
"microgia/macrophages" or "mononuclear phagocytes") in the revised manuscript respond to all my
concerns . I think this is a very nice study that highlights the importance of IFN signaling in resident
mononuclear phagocytes. I would still advise the authors to place their laser impacts at greater

distance from each other and the optic nerve in their futur studies (it is feasible in mice, we do it all
the time).

Referee #2 (Comments on Novelty/Model System):

Due to lack of animal models that approximate macular degeneration, laser injury may be
acceptable.

Referee #3 (Comments on Novelty/Model System):

This manuscript has been substantially improved and authors have addressed comments in detail.

© EMBO 13
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http://www.antibodypedia.com

Reporting Checklist For Life Sciences Articles (Rev. July 2015)

This checklist is used to ensure good reporting standards and to improve the reproducibility of published results. These guidelines are
consistent with the Principles and Guidelines for Reporting Preclinical Research issued by the NIH in 2014. Please follow the journal’s
authorship guidelines in preparing your manuscript.

A- Figures
1. Data

The data shown in figures should satisfy the following conditions:

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

>

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

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.

the exact sample size (n) for each experimental group/condition, given as a number, not a range;

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.).

a statement of how many times the experiment shown was independently replicated in the laboratory.

definitions of statistical methods and measures:

* common tests, such as t-test (please specify whether paired vs. unpaired), simple x2 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.

L2 X 2 7 X

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 suk in the section for 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).
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http://www.equator-network.org/reporting-guidelines/improving-bioscience-research-repo

http://grants.nih.gov/grants/olaw/olaw.htm
http://www.mrc.ac.uk/Ourresearch/Ethicsresearchguidance/Useofanimals/index.htm

http://ClinicalTrials.gov

http://www.consort-statement.org

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

http://www.equator-network.org/reporting-guidelines/reporting-recommendations-for-tun
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B- Statistics and general methods

Please fill out these boxes

t worry if you cannot see all your text once y

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

To determine the sample size in all animal experiments we performed a power analysis using G-
POWER software. The effect sizes of the respective methods we experienced from pilot
experiments or earlier publications.

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

see la

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

Samples were excluded when the Bruch's membran was not affected by the laser-coagulation, a
hemorrage developed, the laser spots fused with each other or the optic nerve head, or the eyes
were dull (according to Lambert et al., 2013 and Poor et al., 2015).

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.

The animals were treated with IFN-B or tamoxifen cage-wise. The cages were randomly allocated
to the experimental groups.

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

A randomization was used when treating the animals with IFN-B or tamoxifen, respectively.

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

The animals had consecutive numbers which were allocated to the genotype/treatment status
only after cpmplete experimental evaluation. Also the staining procedure was performed using the
consecutive numbering which was only unrevealed after analysis.

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

see 4a

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

To verify the statistical tests the Institute of Medical Statistics, Informatics and Epidemiology
(IMSIE), University of Cologne, Cologne, Germany was consulted before applying the analysis.

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

The significance of the data was tested with one-way ANOVA. A Tukey's multiple comparison test
was used and p-values greater that 0.05 were defined significant. For further details see method
section of the manuscript.

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

There was normal variation in the data as every single animal reacts individually to the laser
damage or the respective treatment. However, the variation within the experiments was reduced
by using disease-free animals of similar weight and age.




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

The variance within the single groups were monitored and overall comparable. Scatter blots
showing every single data point and the mean plus/minus standard devision were choosen to
depict the spreading of the individual data points.

C- Reagents

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

Anti Ibal polyclonal antibody, rabbit (Cat.# 019-19741, Wako). Anti IFN-

aR1 mouse monoclonal antibody (clone MAR1-1H5) (sc-53590, Santa Cruz).

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

BV2 cell line: immortalized cell line derived from primary murine microglia cells (Blasi et al., 1990)
SV40 cell line: immortalized cell line from derived from primary human microglia cells (T0251,
Applied Biological Materials Inc.; Reiner et al., 2015)

D- Anima

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

| Models

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

The experiments were conducted with 6-10 weeks old male and female mice. All animals were
maintained in an air-conditioned environment at 22°C on a 12 hours light-dark schedule and had
access to phytoestrogen-free food and water ad libitum. Source of different mouse strains:

C57BL6/J own breeding, Ifnarl” (Muller et al., 1994) and Ifnar1"/"* (Kamphuis et al., 2006)
provided by Prof. Dr. Kalinke, Cx3cr1“*™® (Yona et al., 2013) provided by Prof. Dr. Prinz and
R26'°™"* (Soriano et al., 1999) provided by Prof. Dr. Wunderlich.

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

All experiments were approved by the governmental body responsible for animal welfare in the
state of North Rhine-Westphalia, Germany (Landesamt fiir Natur, Umwelt und Verbraucherschutz
Nordrhein-Westfalen, Germany) with the permission number Az 84-02.04.2014.A466. Ethical
regulations were accounted and monitored by Prof. Dr. Thomas Langmann and the local ethic’s
committee.

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

The ARRIVE guidelines were considered and followed.

E- Human Subjects

. See author guidelines, under ‘Reporting Guidelines’. Please confirm you have followed these guidelines.

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 NA
conformed to the principles set out in the WMA Declaration of Helsinki and the Department of Health and Human

Services Belmont Report.

13. For publication of patient photos, include a statement confirming that consent to publish was obtained. NA
14. Report any restrictions on the availability (and/or on the use) of human data or samples. NA
15. Report the clinical trial registration number (at ClinicalTrials.gov or equivalent), where applicable. NA
16. For phase Il and Il randomized controlled trials, please refer to the CONSORT flow diagram NA
and submit the CONSORT checklist with your submission. See author guidelines, under

‘Reporting Guidelines’. Please confirm you have submitted this list.

17. For tumor marker prognostic studies, we recommend that you follow the REMARK reporting guidelines NA

F- Data Accessibility

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

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

b. Macromolecular structures

c. Crystallographic data for small molecules

d. Functional genomics data

e. Proteomics and molecular interactions

Non of the listed data was generated and/or utilized in this study.

19. Deposition is strongly recommended for any datasets that are central and integral to the study; please consider the
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 or Figshare b

Additional data underlining the main message of the study are attached in the expanded view and
the appendix. Detailed statements to some technical aspects of the study are added to the
reviewers comments.

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

NA

21. As far as possible, primary and referenced data should be formally cited in a Data Availability section. Please state
\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
4026

AP-MS analysis of human histone deacetylase interactions in CEM-T cells (2013). PRIDE PXD000208

Both primary and referenced data are cited within the main manuscript or the method section in
the appendix.

22. Computational models that are central and integral to a study should be shared without restrictions and provided in a
machine-readable form. The relevant accession numbers or links should be provided. When possible, standardized
format (SBML, CellML) should be used instead of scripts (e.g. MATLAB). Authors are strongly encouraged to follow the
MIRIAM guidelines and deposit their model in a public database such as Biomodels

or JWS Online . If computer source code is provided with the paper, it should be

G- Dual u

deposited in a public repository or included in supplementary information.

No computational models or computer source codes were used in this study.

se research of concern

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

There is no indication of potential dual use or biosecurity implications as interferon beta is a body
own substance already licensed for medication and part of research since many years.




