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First Editorial Decision — 17 December 2013

Dear Prof. Kaufmann,

Please accept my sincere apologies for the prolonged delay in processing the review of your manuscript
ID €ji.201344219 entitled "Type | IFN signaling triggers immunopathology in tuberculosis-susceptible
hosts by modulating lung phagocyte dynamics" which you submitted to the European Journal of
Immunology. There was a difference of opinion among the original reviews and additional advice was
sought. All opinions have now been assessed by the Executive Editor and the comments of the referees
are included at the bottom of this letter.

A revised version of your manuscript that takes into account the comments of the referees will be
reconsidered for publication. You will see that referee 1 felt that the strain-specific nature of your findings
significantly lowers the impact of your work and should know that this referee felt that on this basis your

manuscript should be rejected. Although we do not agree with this recommendation we do strongly
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encourage you to fully address the concerns of this referee, as well as those of the other referees, in your
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revised submission.

You should also pay close attention to the editorial comments included below. *In particular, please edit
your figure legends to follow Journal standards as outlined in the editorial comments. Failure to do this will

result in delays in the re-review process.*

Please note that submitting a revision of your manuscript does not guarantee eventual acceptance, and

that your revision will be re-reviewed by the referees before a decision is rendered.

If the revision of the paper is expected to take more than three months, please inform the editorial office.
Revisions taking longer than six months may be assessed by new referees to ensure the relevance and

timeliness of the data.

Once again, thank you for submitting your manuscript to European Journal of Immunology and we look

forward to receiving your revision.

Yours sincerely,
Karen Chu

On behalf of Prof. lain Mclnnes

Dr. Karen Chu
Editorial Office
European Journal of Immunology

e-mail: ejied@wiley.com

kkkkkkkkkkkkkkkkkkkkkkkhhhhhhhkhkkkkkkkhkhhhhhhhhhikiixix

Reviewer: 1

Comments to the Author
In this manuscript by Dorhai et al, is from a well established group, describing that Type | signaling

triggers immunopathology in a TB-susceptible strain of mouse by impacting lung phagocyte dynamics.

The study itself is well designed and executed and the findings interesting. However, the major drawback
of the study is that the effect of Type | signaling appears to be dominant only in the 129 background of a

TB-susceptible mouse strain. Previous work by Desvignes et al, 2012 (and data shown in this paper)
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demonstrate that in a TB-resistant strain of mouse such as B6, the impact of deletion of IFNAR is minimal
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and does not impact survival in response to Mtb infection. No data are shown for pathology in this model,
either in the published study or this study. Thus, it appears that the current study too broadly interprets the
results seen in the 129 strain as resembling “active TB”, and that it is possible that Type 1 signaling only
has an effect on this particular background strain of mouse. Accordingly, the title needs to be changed to ¢

in a tuberculosis susceptible mouse strain”.

Reviewer: 2

Comments to the Author
This is a well-conducted and through study demonstrating the important role of Type I interferons in

immunopathology following TB infection. | have the following recommendations:

1. Immunohistochemistry is used to show changes in inflammation (Fig 1C, and S1 B and D), NOS
expression (Fig 1D), MPO levels (Fig 4B and 5B). Although the differences seem clear, they should be
quantified, by some scoring system.

2. Fig S2. The background of the IFNarl-/- animals needs to be stated explicitly.

3. The explanation for the role of neutrophils in dissemination of infection needs to be discussed in more
depth (p13)

4. A number of the legend on figure axes seem very small and need to be checked before final submission

Reviewer: 3

Comments to the Author

Type | IFN signaling triggers immunopathology in tuberculosis-susceptible hosts by modulating lung
phagocyte dynamics

€ji.201344219 (Dec 2013)

The study by Dorhoi and colleagues put forward a new hypothesis regarding the role of type | IFN in the
immune response, and survival of highly susceptible mice strain 129S, to Mtb. The difference of the
outcome of infection in 129S WT or IFNAR-/- is very pronounced and highly convincing. Absence of
IFNAR protected 129S susceptible mice from infection with Mtb, observed by: (i) increased survival, (ii)
reduced bacterial burden, and (iii) reduced immunopathology. The data is interesting as the study adds to
the role of type | IFN during Mtb infection, which is still controversial. The main novelty introduced by the
data presented herein was the increase rate of cell death in the lungs of WT Mtb infected mice, when

compared to IFNAR-/- mice. The authors hypothesize that this early death events promote a higher
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recruitment of PMN cells that appear to be detrimental to the survival of mice. Indeed, WT mice survived
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the Mtb infection when PMN cells were depleted early during infection. The authors went further to show
that WT mice had increased levels of Mtb-infected alveolar macrophages, suggesting enhanced
replication of Mth in WT alveolar macrophages. Despite a similar percentage of Mtb-infected PMNs in both
strains of mice, the enhanced cell death and higher recruitment of PMNs into the lungs of WT mice
resulted in an elevated number of infected PMNs in WT mice, suggesting that Mtb spreads more severely
from alveolar macrophages to recruited PMNs in WT mice when compared to IFNAR-/- mice. Thus, this
paper provides a mechanistic basis for the data published by O’Garra and colleagues that show a PMN

associated type | IFN gene signature in TB active patients, not observed in controls.

There are however several issues that need to be addressed. Overall, the data are very correlative and

the massive amount of data presented make the paper a bit heavy and hard to follow at times.

Specifically:

- The amount of data in the paper is massive. Perhaps some of the figures could become supplementary
data, like figure 3 that is something not central for the message of the paper. Furthermore, the array data
is not very useful and does not bring anything new to the paper, at least in its current form. The real time
RT-PCR data is sufficient to support the hypotheses of the authors.

- Most of the figures show one experiment representative of the 2 or 3 performed. The average of the 2 or
3 experiments should be plotted and the statistical analysis performed on these results.

- High susceptibility of WT 129S2 mice to TB seems to be dependent on type | IFN signaling since
absence of IFNAR improved survival and protection to infection. This pathogenic role of type | IFN
appears to be much more severe in 129S2 mice than C56BL/6 mice. It would be important to show
whether susceptibility versus resistance of 129S2 versus C56BL/6 mice correlates with high versus low
levels of type | IFN induced after Mtb infection. Also, the CFU differences between BL6 WT or IFNAR-/-
are shown for day 40 post-infection, a lot later than what was observed in 129S background. Do the
authors consider that the same mechanism is involved, ie, early enhanced neutrophil responses? Still in
regard to the comparison C57BL6 WT or IFNAR-/-, it is not clear why two different doses of infection were
used in Figure S2A and S2B. What happens to the survival % of BL6 or IFNAR-/- if a high dose of
innoculum is used?

- In figure 4A and in lines 147-8, the authors show that IFNAR-/- mice present higher frequencies of AMs
both at 14 and 21 days post-infection. This should be discussed. Also, the authors state that IFNAR
regulated resident AM populations, but do not discuss the mechanisms that may be involved in this
observation.

- In figure 5 the authors use chimeras to understand whether the effects were due to hematopoietic or
radioresistant or both cells. The survival of KO->WT or WT->KO is intermediate to that observed upon
infection of WT or IFNAR-/- mice (Fig. 5A). However, in Fig. 5B it is shown that the amount of cytokines

and chemokines in KO->WT is actually similar to that observed for infected KO. Since the authors suggest
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that the death is associated to high inflammation, why are KO->WT not as resistant as IFNAR-/-? In the
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same line, the amount of neutrophils in WT->KO appears to be higher than that in KO->WT (Fig. 5B) and
yet the survival profile is the same.

- In figure 8, the authors show an increased number of PMN cells infected with Mtb and in figure 6 an
elevated cell death in the BAL of WT mice, when compared to IFNAR-/- mice. The paper would benefit
greatly if the cell populations that are dying in WT mice were determined and also if a mechanistic insight
on the drivers of cell death were clarified. It is likely that the elevated cell death observed in WT mice is
just a consequence of elevated PMN recruitment, as these are short lived cells. Also it is not very clear on
how the changes in myeloid populations impact the survival of WT versus IFNRA-/- mice. In this regard,
PMN cells have been shown to have protective roles during early infection with Mtb. It would be interesting
to show whether PMNs from IFNRA-/- where more efficient at killing Mtb that WT PMNs.

Overall the paper is well written but it is not straight forward to follow the data. Despite this, the data is
interesting and of interest to the field, as it puts forward a new exciting hypothesis regarding the role of

type | IFN during TB. The paper only lacks for the correlative nature of the data.

Minor points:

- Figure 1 shows death of 129S WT infected animals in app 30 days, but the text refers that the animals
died within 40 days post-infection.

- Figure 2 shows lower levels of IL-1 in infected IFNAR-/- than WT lungs suggesting that type | IFN
signaling enhances IL-1 production during Mtb infection of susceptible 129S2 mice, contrary to what has
been described (Mayer-Barber KD et al., Immunity 2011; Novikov A et al., J Immunol 2011). The authors
should discuss these differences.

- Figure 3: Do the data show frequencies of IFN-g+TNF-a+ cells (as stated in the legend of the figure) or
IFN-g+ cells (as stated in the graph axis)? Plus, CD4-gated FACS profiles do not seem representative of
the data plotted in the graph.

- The sudden use of BMDMs and BMDCs is confusing. With regard to BMDMs, for example, the analysis
of chemokine production (Fig. 6A) does not fit the in vivo observations (Fig. 2B).

- Figure 7: Why different methods to assess Mtb growth were used in figure 7A and B? For the experiment
of figure 7B the authors should show that the difference observed at 48h post-infection was not due to
different infection rate.

- Figure 8: the authors mention that the approaches followed in 8A and B versus 8C are complementary.
However, in what regards data on the % of GFP or AFB + among BAL PMNs, the two approached lead to
different results. The authors should comment on this.

- Supporting Information Figure 1: the legend states that “(E) Serum concentrations of lactate
dehydrogenase at day 21 p.i. in WT mice (12952 and C57BL76) ...” but the figure only shows the data for
WT (129S2).

- Certain panels of the figures are misplaced (for example, Fig. 1E is referred in the text before Fig. 1D;
the same for FIG. 5C/B and 5E/D, and Fig.S1F/D).
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- Lines 106-7: The authors state that «The milder pathology in Ifnar-/- animals was accompanied by a
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lower serum lactate dehydrogenase concentration». However, data in Figure S1E show similar levels of
LDH. Is the observed difference statistically significant?

- Lines 193-4: “Frequencies of PMNs were increased in BALF of Ifnar1-/- mice (Figure 6D).” — But figure
6D shows a significantly decrease in PMNs frequency among BAL cells.

First revision — authors’ response — 17 March 2014

European Journal of Immunology

Dear Editors, Dear Dr Mclnnes,

Attached please find our revised manuscript “Type | IFN signaling triggers
immunopathology in tuberculosis-susceptible mice by modulating lung phagocyte
dynamics” by Dorhoi, Yeremeev, et al, for resubmission to the European Journal of
Immunology.

We thank you and the reviewers for the helpful comments and suggestions, which have
helped us improve the quality of our manuscript. We have performed new experiments
(Figs. 5F and 6B), additional data analyses (Figs. 1D&E, 3B, and 4C) and modified the
manuscript to include and discuss the new results. These additional investigations
support and strengthen the main conclusion of our work. We trust our manuscript has
been significantly improved and is of central interest for the journal and the scientific
community focusing on immunology in infection and inflammation.

In the editorial letter, you cited concerns regarding the quality of figures. We have
carefully addressed this point and prepared figures and figure legends closely following
journal standards. Full gating strategies were provided for FACS analysis (Figs. S3A,
S4A, and S5). Changes in the manuscript text are indicated by underlined text.

In the following, please find our point-by-point reply to the questions raised by the
reviewers.

Yours sincerely,

Stefan H.E. Kaufmann

Reviewer 1

In this manuscript by Dorhoi et al, is from a well established group, describing
that Type | signaling triggers immunopathology in a TB-susceptible strain of
mouse by impacting lung phagocyte dynamics.

The study itself is well designed and executed and the findings interesting.
However, the major drawback of the study is that the effect of Type | signaling

appears to be dominant only in the 129 background of a TB-susceptible mouse
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strain. Previous work by Desvignes et al, 2012 (and data shown in this paper)
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demonstrate that in a TB-resistant strain of mouse such as B6, the impact of
deletion of IFNAR is minimal and does not impact survival in response to Mtb
infection. No data are shown for pathology in this model, either in the published
study or this study. Thus, it appears that the current study too broadly interprets
the results seen in the 129 strain as resembling “active TB”, and that it is
possible that Type 1 signaling only has an effect on this particular background
strain of mouse. Accordingly, the title needs to be changed to “ in a tuberculosis
susceptible mouse strain”.

Author (AU): We thank this Reviewer for reading our paper and for the recommendation
to modify the title. We have modified the title to more specifically focus on our findings.
As reported in this manuscript and by others [1;2] deletion of IFNAR1 in the C57BL/6
mouse strain, which is resistant to tuberculosis (TB) and the most widely used mouse
strain for laboratory investigations, impacts on bacterial replication. As some of the
mentioned papers use low-dose infection and a resistant mouse it is counterintuitive and
impossible to observe differences in survival, particularly when the mutant mice control
bacterial replication better. We did not observe major differences in pathology (extent of
lesions) or immunostaining for INOS. These data are presented for the Reviewer in Fig.
1 below.

A B.

Figure 1. Lung pathology and immunostaining for iNOS in TB-resistant C57BL/6 mice
(WT) and their IFNAR1-deleted counterparts. Mice were infected with ~ 200 CFUs of M.
tuberculosis H37Rv and lung tissue was collected and processed for histology at day 21
post-infection. (A) Giemsa staining (scale bar, 1000 pym; n=5). (B) Immunohistochemistry
for iINOS (scale bar, 100 ym; n=5).

We partially understand the concerns of the Reviewer and are also aware that

experimental mouse TB is one available model to study this infection, with advantages
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and drawbacks. We would like to recall that billions of people are latently infected with
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Mtb, while only about 10% of exposed individuals develop active disease. Thus one
might presume that most of these 10% are genetically susceptible to TB. Mice in general
(and most inbred laboratory mouse strains) are much more resistant to TB than humans.
Important experimental data have also been obtained with guinea pigs, an extremely
susceptible animal model. So it is reasonable to use susceptible mouse strains for TB
experiments. | addition, we want to underline that resistant mouse strains do not mimic a
“primary progressive” infection, as no clinical signs (weights loss, impairment of lung
function) are detectable following low-dose infection. Accordingly, findings in these
strains likely do not (or incompletely) apply to disease processes accompanying primary
progressive TB. As such, the vast majority of studies performed with C57BL/6 mice
could be “an effect of this particular strain”, as the reviewer noted, with limited relevance
to primary progressive TB. We consider careful assessment of different mouse models
and their suitability for given questions a priority in TB. Multiple studies currently
recommend usage of susceptible mouse strains (e.g. C3HeB/Fe/J) to understand TB
pathology [3;4], immune processes [5] and evaluation of drug efficacy [6]. We are
confident that our TB-susceptible mouse model substantially adds to understanding

IFNAR1-mediated immune processes in primary progressive TB.

Reviewer 2

AU: We thank the Reviewer for emphasizing the complexity of our studies and relevance
for understanding immunopathology in TB. We are grateful for the recommendations
and feel that we could address them by providing new data in the manuscript and more
in-depth discussions.

This is a well-conducted and through study demonstrating the important role of
Type | interferons in immunopathology following TB infection. | have the following
recommendations:

1. Immunohistochemistry is used to show changes in inflammation (Fig 1C, and
S1 B and D), NOS expression (Fig 1D), MPO levels (Fig 4B and 5B). Although the
differences seem clear, they should be quantified, by some scoring system.

AU: We have performed quantifications of the IHC/IF images and these are now
provided in Figs. 1D,E; 3B; 4C. Lung morphometry indicates that the extent of lesions
was significantly higher in WT (129S2) mice compared to animals lacking IFNAR1,
despite similar numbers of granulomatous infiltrates (Fig. 1C). We now provide relative
mean fluorescence values for quantification of INOs and MPO staining (Figs. 1E; 3B;
4C). These new results are presented and discussed on pages 5 and 7.

2. Fig S2. The background of the IFNar1-/- animals needs to be stated explicitly.



urnal of

unology

AU: We have now provided additional information in the text, which underlines the TBresistant
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C57BL/6 background of the Ifnarl—/— animals in this particular experiment.

3. The explanation for the role of neutrophils in dissemination of infection needs
to be discussed in more depth (p13)

AU: Neutrophils (PMNs) were repeatedly reported to interact with mycobacteria [7].
While their mycobactericidal role is still a matter of debate, there are multiple lines of
evidence that PMNs secrete immune mediators upon Mtb phagocytosis and
subsequently modify the inflammatory milieu. By releasing cytokines and chemokines,
notably TNF-a [8] and CCL3, CXCL2 [9], PMNs could foster accumulation of
phagocytes, which serve as habitat for Mtb and indirectly facilitate bacterial
dissemination. PMNs can migrate and directly promote spread of mycobacteria to the
draining lymph nodes [10]. This information is presented in the Discussion, on page 15.
4. A number of the legend on figure axes seem very small and need to be checked
before final submission

AU: We have now prepared the figures at higher resolution.

Reviewer 3

AU: We are grateful to this Reviewer for carefully reading our manuscript and for the
detailed critical comments, which have helped us to improve our manuscript. The
Reviewer notes the novelty of this work, which provides mechanistic evidence for clinical
data. We feel that we have addressed the constructive criticisms and that the newly
provided data allow substantiating our conclusion on the critical role of IFN | in
modulating inflammation in TB (see pages 9, 10, 14; Fig. 5).

The study by Dorhoi and colleagues put forward a new hypothesis regarding the
role of type | IFN in the immune response, and survival of highly susceptible mice
strain 129S, to Mtb. The difference of the outcome of infection in 129S WT or
IFNAR-/- is very pronounced and highly convincing. Absence of IFNAR protected
129S susceptible mice from infection with Mtb, observed by: (i) increased
survival, (ii) reduced bacterial burden, and (iii) reduced immunopathology. The
data is interesting as the study adds to the role of type | IFN during Mtb infection,
which is still controversial. The main novelty introduced by the data presented
herein was the increase rate of cell death in the lungs of WT Mtb infected mice,
when compared to IFNAR-/- mice. The authors hypothesize that this early death
events promote a higher recruitment of PMN cells that appear to be detrimental to
the survival of mice. Indeed, WT mice survived the Mtb infection when PMN cells
were depleted early during infection. The authors went further to show that WT

mice had increased levels of Mtb-infected alveolar macrophages, suggesting
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enhanced replication of Mtb in WT alveolar macrophages. Despite a similar
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percentage of Mth-infected PMNSs in both strains of mice, the enhanced cell death
and higher recruitment of PMNs into the lungs of WT mice resulted in an elevated
number of infected PMNs in WT mice, suggesting that Mtb spreads more severely
from alveolar macrophages to recruited PMNs in WT mice when compared to
IFNAR-/- mice. Thus, this paper provides a mechanistic basis for the data
published by O’Garra and colleagues that show a PMN associated type | IFN gene
signature in TB active patients, not observed in controls.

There are however several issues that need to be addressed. Overall, the data are
very correlative and the massive amount of data presented make the paper a bit
heavy and hard to follow at times.

Specifically:

- The amount of data in the paper is massive. Perhaps some of the figures could
become supplementary data, like figure 3 that is something not central for the
message of the paper. Furthermore, the array data is not very useful and does not
bring anything new to the paper, at least in its current form. The real time RT-PCR
data is sufficient to support the hypotheses of the authors.

AU: We have moved Fig. 3 to the supplementary material (new Fig. S3) following the
Reviewer’s suggestion.

The array data prompted us to investigate early events at day 14, when bacterial
burdens were similar. This information was central for investigations on chemokines and
cellular events within the bronchoalveolar space. Generally microarrays are scientific
tools that generate novel hypotheses, and this was the case in our study. Moreover, this
approach allowed us to obtain information on biologic processes in an unbiased manner.
The strong biostatistics analysis, reflected in the plots we provide, enabled us to further
investigate cell recruitment. We consider these data important for the paper in mirroring
the logical flow of experimental work, which allowed us to dissect the role of IFN | in
early inflammatory events in TB. Unless the Editor decides to the contrary, we would,
therefore, prefer to leave the array data in the paper.

- Most of the figures show one experiment representative of the 2 or 3 performed.
The average of the 2 or 3 experiments should be plotted and the statistical
analysis performed on these results.

AU: We have followed this Reviewer’s recommendations. All in vivo data are now plotted
and analyzed by pooling results from multiple independent experiments. This information
is presented in detail in the figure legends, namely, numbers of independent
experiments performed and total number of mice (npooled). We consider in vitro data is
most appropriately presented as representative experiment.

- High susceptibility of WT 129S2 mice to TB seems to be dependent on type | IFN
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signaling since absence of IFNAR improved survival and protection to infection.
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This pathogenic role of type | IFN appears to be much more severe in 129S2 mice
than C56BL/6 mice. It would be important to show whether susceptibility versus
resistance of 129S2 versus C56BL/6 mice correlates with high versus low levels of
type | IFN induced after Mtb infection. Also, the CFU differences between BL6 WT
or IFNAR-/- are shown for day 40 post-infection, a lot later than what was
observed in 129S background. Do the authors consider that the same mechanism
is involved, ie, early enhanced neutrophil responses? Still in regard to the
comparison C57BL6 WT or IFNAR-/-, it is not clear why two different doses of
infection were used in Figure S2A and S2B. What happens to the survival % of
BL6 or IFNAR-/- if a high dose of innoculum is used?

AU: Currently, we are more closely investigating differences between C57BL/6 (TBresistant)
and 129S2 (TB-susceptible) mice. Regarding signaling through IFNAR1, we

have tested whether the IFN | and IFN I-associated genes are differentially expressed in
these WT strains using the ROAST algorithm implemented in the mroast function from
the limma R package [11] (see Fig. 2 below). The set of genes involved in the IFN |
response was significantly higher expressed in the 129S2 strain on day 14 (p=0.039) (at
this time-point similar lung CFUs) and day 25 (p= 0.009) (higher CFUs in 129S2).
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Figure 2. Heatmap showing relative gene expression for genes involved in type | IFN

response in lung homogenates collected at different time points following low-dose
infection with Mtb in WT mouse strains (C57BL/6 and 129S2). Expression levels have
been calculated by averaging the technical replicates, and gene-wise normalized (three
independent experiments with five mice per time-point in each experiment). White
corresponds to average gene expression, blue corresponds to below average, and red
corresponds to above average gene expression.

Based on these findings we conclude that 129S2 mice mount a stronger IFN | response
compared to C57BL/6 mice. As mentioned above, a more detailed investigation,
including this result will be within the scope of a follow-up study.

We observed that frequencies of PMNSs recruited in the bronchoalveolar space early
upon infection are heightened in TB-susceptible WT animals [current manuscript 129S2,
[12], C57BL/6] and thus it appears that multiple mechanisms may be responsible for
susceptibility. Even when we challenged the Ifnarl—/— mice on C57BL/6 background with
500 CFUs, we did not fully reproduce the results we observed with the 129S2 animals in
terms of differences in recruited PMNs within airways. A trend was observed, but no
significant differences (Fig. S4D). Please note we detect ca. 40% PMNs among
leukocytes in BAL fluid in 129S2 mice at 14 days p.i. and even at higher Mtb infection
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dose only 10% in C57BL/6 mice (see also [12]).

We applied a higher dose (~500 CFUs) in C57BL/6 mice to induce a situation
resembling the inflammatory milieu observed in the susceptible mice. We did not detect
any deaths of WT or Ifnarl—/— mice with this infection dose. Higher infection, i.e. 1,000
CFUs H37Rv, will result in dramatic death within 30 days in C57BL/6 mice and likely
result in profound differences in early cell kinetics inside alveoli.

- In figure 4A and in lines 147-8, the authors show that IFNAR-/- mice present
higher frequencies of AMs both at 14 and 21 days post-infection. This should be
discussed. Also, the authors state that IFNAR regulated resident AM populations,
but do not discuss the mechanisms that may be involved in this observation.

AU: We have performed experiments aiming at clarifying the fate of AMs upon infection,
in presence or absence of IFNAR1. The reduction of AMs in WT compared to KO mice
as early as day 14 p.i. (Fig. 3) was due to incremental cell death, specifically in this lung
population (Fig. 5F). These novel data are now presented and discussed on pages 9
and 14.

- In figure 5 the authors use chimeras to understand whether the effects were due
to hematopoietic or radioresistant or both cells. The survival of KO->WT or WT-
>KO is intermediate to that observed upon infection of WT or IFNAR-/- mice (Fig.
5A). However, in Fig. 5B it is shown that the amount of cytokines and chemokines
in KO->WT is actually similar to that observed for infected KO. Since the authors
suggest that the death is associated to high inflammation, why are KO->WT not as
resistant as IFNAR-/-? In the same line, the amount of neutrophils in WT->KO
appears to be higher than that in KO->WT (Fig. 5B) and yet the survival profile is
the same.

AU: We now provide pooled survival curves with chimeras including WT>WT and
KO>KO, next to WT>KO and KO>WT (Fig. 4A). In view of current information regarding
ontogeny of AMs [13;14] and repopulation after radiation-induced cytoablation we
consider these novel data more appropriate. According to the above-mentioned reports
AMs arise from circulating monocytes, mature shortly after birth and are maintained
locally by proliferation. Because radiation targets dividing cells, the results detailed
above imply that radiation may not result in deletion of non- or slow-dividing AM pool
and that the replenished AM pool may differ compared with cells originally seeding the
lungs after birth. In the 129S2 background it is not currently possible to dissect these
events due to lack of CD45.1 and CD45.2 tracking modalities. With this information in
mind, our novel chimera results are, however, similar to previous results and indicate
that both hematopoietic and radioresistant cells are responsible for the observed
phenotype. The fact that KO>WT do not show the phenotype of KO>KO could be due to

differences in activation and subsequently function of radioresistant cells. Although AMs
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and PMNs (of KO phenotype) do not support Mtb replication as WT cells do, they
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release mediators and may activate lung-resident cells, e.g., pneumocytes, to release
chemokines. Abundance of inflammatory mediators of epithelial cell origin, e.g. CXCL5
is regulated by bacterial sensing along with sensing inflammatory cytokines and both
processes could be modulated by IFN | [12]. We measured concentrations of
inflammatory mediators in lung tissue and estimated abundance of PMNs at 21 days p.i.,
however lethality of WT>KO and KO>WT occurred at later times, perhaps reflecting
protracted inflammation and the fact that signaling in both the hematopoietic and
radioresistant compartment imprinted the inflammatory phenotype of the WT 129S2
mice. Quantification of PMNs in lung specimens from chimeric mice (Fig. 4C) indicates
that although IFNAR1 on hematopoietic cells is the main driver of PMN recruitment,
signaling in radioresistant cells contributes also significantly to this process.

- In figure 8, the authors show an increased number of PMN cells infected with
Mtb and in figure 6 an elevated cell death in the BAL of WT mice, when compared
to IFNAR-/- mice. The paper would benefit greatly if the cell populations that are
dying in WT mice were determined and also if a mechanistic insight on the drivers
of cell death were clarified. It is likely that the elevated cell death observed in WT
mice is just a consequence of elevated PMN recruitment, as these are short lived
cells. Also it is not very clear on how the changes in myeloid populations impact
the survival of WT versus IFNRA-/- mice. In this regard, PMN cells have been
shown to have protective roles during early infection with Mtb. It would be
interesting to show whether PMNs from IFNRA-/- where more efficient at killing
Mtb that WT PMNSs.

AU: We thank the Reviewer for this valuable suggestion. We have performed these
experiments and confirmed that BAL leukocytes in WT mice present elevated cell death
compared to KO animals (Fig. 5F). Increased cell death observed in WT mice was not a
consequence of elevated PMN numbers, in fact we detected lower frequencies of
annexinV/7AAD+ PMNs in WT mice. However, the great majority of cells within alveoli
are represented by AMs (10x more compared to PMNs). We observed significantly
increased frequencies of dead (late apoptotic/necrotic) AMs in WT animals (Fig. 5F).
Further studies will clarify the modalities of cell death controlled by IFN I.

Regarding propensity of PMNSs to kill Mtb, our detailed analysis of AFB per PMN does
not support this scenario. The number of Mtb detected in PMNs is relatively low (mostly
1-3 bacteria per phagocyte) and this is similar in WT and KO mice. Using BM-purified
PMNs to investigate killing capacity would not fully recapitulate the properties of tissuerecruited
PMNSs, as these cells are able to modulate their ROS levels upon migration

and local activation by cytokines.

Overall the paper is well written but it is not straight forward to follow the data.
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Despite this, the data is interesting and of interest to the field, as it puts forward a
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new exciting hypothesis regarding the role of type | IFN during TB. The paper only
lacks for the correlative nature of the data.

AU: We have now reorganized the data to improve clarity as suggested by the
Reviewer, and provide novel results to support our hypothesis. We hope that our efforts
have improved the manuscript by adding mechanistic insights into the roles of type | IFN
in TB.

Minor points:

- Figure 1 shows death of 129S WT infected animals in app 30 days, but the text
refers that the animals died within 40 days post-infection.

AU: We have now pooled data from multiple experiments (Fig. 1A). In all of these
experiments, one 129S2 mouse survived and the rest died within 27-34 days p.i. thus
enabling us to state that the mice died within 40 days p.i. Please note the same pattern
of survival was reported in two additional experiments using control IgG (Fig. 6G) (death
within 27-40 days p.i.).

- Figure 2 shows lower levels of IL-1 in infected IFNAR-/- than WT lungs
suggesting that type | IFN sighaling enhances IL-1 production during Mtb
infection of susceptible 129S2 mice, contrary to what has been described (Mayer-
Barber KD et al., Immunity 2011; Novikov A et al., J Immunol 2011). The authors
should discuss these differences.

AU: The Reviewer is correct and this is the subject of a follow-up study. We have
decided not to emphasize these differences until an adequate explanation can be found.
These findings are the subject of independent studies in our laboratory.

- Figure 3: Do the data show frequencies of IFN-g+TNF-a+ cells (as stated in the
legend of the figure) or IFN-g+ cells (as stated in the graph axis)? Plus, CD4-gated
FACS profiles do not seem representative of the data plotted in the graph.

AU: The data show frequencies of IFN-y+ cells and this has now been amended for
clarity. The profiles (FACS dot plots) are representative. Please note we have subtracted
medium value as background from PPD values.

- The sudden use of BMDMs and BMDCs is confusing. With regard to BMDMs, for
example, the analysis of chemokine production (Fig. 6A) does not fit the in vivo
observations (Fig. 2B).

AU: We have used BMDMs and BMDCs as models for myeloid cells interacting with
Mtb. We have moved these data to the supplement to reduce potential confusion and
focus on AMs by leaving these data in the main figures.

The chemokine production in BMDMSs (Fig. 5A in revised manuscript) partially fit the in

vivo observations (Fig. 2B). While certain chemokines were directly influenced by IFN |
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signaling in macrophages (e.g. CCL2; CCL5), abundance of other members in vivo likely
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represented the cumulative effect of IFN | and differential bacterial burden.

- Figure 7: Why different methods to assess Mtb growth were used in figure 7A
and B? For the experiment of figure 7B the authors should show that the
difference observed at 48h post-infection was not due to different infection rate.
AU: We have used 3H-Uracil to assess Mtb replication over an extended time (5 days).
This also allowed us, to a certain extent, to monitor cellular and extracellular Mtb growth
(metabolic activity). We have now performed experiments to validate the finding that
phagocytosis did not differ between the tested mouse strains. These data are provided
in Fig. 6B and discussed on page 10.

In addition we have measured uptake of GFP-BCG at 4 h p.i. and have not found a

difference between WT and IFNAR1-deficient cells (see Fig. 3 below).
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Figure 3. Phagocytosis of GFP-BCG by AMs. AMs were obtained from BALF by
adherence to tissue culture treated plates (purity > 98% CD11c+ cells) and infected with
GFP-BCG at MOI 10. Phagocytosis of bacteria was estimated at 4 h p.i. (h=3), n.s. not
significant, Student’s t test.

- Figure 8: The authors mention that the approaches followed in 8A and B versus
8C are complementary. However, in what regards data on the % of GFP or AFB +
among BAL PMNs, the two approached lead to different results. The authors
should comment on this.

AU: We have employed reporter bacteria (GFP-Mtb) to estimate the Mtb content in
BALF phagocytes. As described by others and presented in our gating strategy (Fig.
S5B), a population shift allows detection of positive cells. Due to the limited numbers of
bacteria in PMNs and the possibility that flow cytometry would miss low signal events we
decided to validate this information using AFB staining of BAL cells. Using this approach
we observed that indeed most PMNs contain few Mtb (Fig. 6F), and thus we may have
detected primarily strong signal events with FACS. Please note we set our gate for GFP+

signal most stringently to avoid interference with myeloid cell autofluorescence (Fig.
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S5B). We do not consider these results discrepant, especially because number-wise the
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difference was obvious also using FACS technology (Fig. 6D).

- Supporting Information Figure 1: the legend states that “(E) Serum
concentrations of lactate dehydrogenase at day 21 p.i. in WT mice (129S2 and
C57BL76) ...” but the figure only shows the data for WT (129S2).

AU: We have amended this error. Thank you for pointing this out.

- Certain panels of the figures are misplaced (for example, Fig. 1E is referred in
the text before Fig. 1D; the same for FIG. 5C/B and 5E/D, and Fig.S1F/D).

AU: We have revised the misplaced figure panels accordingly. Thank you for this
recommendation.

- Lines 106-7: The authors state that «The milder pathology in Ifnar-/- animals was
accompanied by a lower serum lactate dehydrogenase concentration». However,
data in Figure S1E show similar levels of LDH. Is the observed difference
statistically significant?

AU: Although we observed a trend, the difference is not statistically significant. We have
modified the text accordingly (see page 5).

- Lines 193-4: “Frequencies of PMNs were increased in BALF of Ifnar1-/- mice
(Figure 6D).” — But figure 6D shows a significantly decrease in PMNs frequency
among BAL cells.

AU: We regret this mistake. The text has been revised accordingly, on page 8.
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Second Editorial Decision — 11 April 2014
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It is a pleasure to provisionally accept your manuscript entitled "Type | IFN signaling triggers
immunopathology in tuberculosis-susceptible mice by modulating lung phagocyte dynamics" for
publication in the European Journal of Immunology. For final acceptance, please follow the instructions
below and return the requested items as soon as possible as we cannot process your manuscript further

until all items listed below are dealt with.
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