
Renal CD169++ resident macrophages are
crucial for protection against acute systemic
candidiasis
Christ iane Ruedl, Yi Juan Teo, See Liang Ng, Keng Wai Mak, Yolanda Aphrilia Set iagani, Qi Chen, 
Sajith Kumar Nair, and Jianpeng Sheng
DOI: ht tps://doi.org/10 .26508/lsa.202000890

Corresponding author(s): Christiane Ruedl, Nanyang Technological University and Yi Juan Teo, 
Nanyang Technological University

Review Timeline: Submission Date: 2020-08-21
Editorial Decision: 2020-09-25
Revision Received: 2020-11-25
Editorial Decision: 2020-12-23
Revision Received: 2021-01-18
Editorial Decision: 2021-01-19
Revision Received: 2021-01-22
Accepted: 2021-01-22

Scientific Editor: Shachi Bhatt

Transaction Report:
(Note: With the except ion of the correct ion of typographical or spelling errors that could be a source
of ambiguity, let ters and reports are not edited. The original formatt ing of let ters and referee
reports may not be reflected in this compilat ion.)

on 24 May, 2023life-science-alliance.org Downloaded from 
http://doi.org/10.26508/lsa.202000890Published Online: 19 February, 2021 | Supp Info: 

https://www.life-science-alliance.org/
http://doi.org/10.26508/lsa.202000890


September 25, 20201st Editorial Decision

September 25, 2020 

Re: Life Science Alliance manuscript  #LSA-2020-00890-T 

Prof. Christ iane Ruedl 
Nanyang Technological University 
School of Biological Sciences 
60 Nanyang Drive 
Singapore 637551 
Singapore 

Dear Dr. Ruedl, 

Thank you for submit t ing your manuscript  ent it led "Renal CD169++ t issue-resident macrophages
are crucial for protect ion against  acute systemic candidiasis" to Life Science Alliance (LSA). The
manuscript  has been reviewed by the editors and outside referees (reviewer comments below). As
you will see, the reviewers were enthusiast ic about the study and its potent ial impact, but  have
raised a number of concerns that should be addressed prior to further considerat ion of the
manuscript  at  LSA. In part icular, the reviewers were concerned about the results sect ions pertaining
to the mechanism of CD169++ TRMs - effect  on ROS product ion in PMNs and the link to IFNg.
Therefore, although we are unable to publish the current version of the manuscript , we would
encourage you to submit  a revised version that addresses the referees concerns. We understand
that the request from Rev 3 about further data support ing the ident ificat ion of a B cell like
populat ion as a source for IFNg might be difficult  to obtain - we encourage you to address this to
the best of your ability, and discuss the caveats in the manuscript  text . 

We would be happy to discuss the individual revision points further with you, should this be helpful.
A revised manuscript  may be re-reviewed, most likely by some or all of the original referees. When
submit t ing the revision, please include a let ter addressing the reviewers' comments point-by-point
and a copy of the text  with alterat ions highlighted (boldfaced or underlined). The typical t ime frame
for revisions is three months. In an effort  to expedite the review process, papers are generally
considered through only one revision cycle. 

To upload the revised version of your manuscript , please log in to your account:
ht tps://lsa.msubmit .net/cgi-bin/main.plex 
You will be guided to complete the submission of your revised manuscript  and to fill in all necessary
informat ion. Please get in touch in case you do not know or remember your login name. 

Thank you for considering Life Science Alliance as an appropriate venue for your research. We look
forward to receiving your revised manuscript . 

Sincerely, 

Shachi Bhatt , Ph.D. 
Execut ive Editor 
Life Science Alliance 



--------------------------------------------------------------------------- 

A. THESE ITEMS ARE REQUIRED FOR REVISIONS

-- A let ter addressing the reviewers' comments point  by point . 

-- An editable version of the final text  (.DOC or .DOCX) is needed for copyedit ing (no PDFs). 

-- High-resolut ion figure, supplementary figure and video files uploaded as individual files: See our
detailed guidelines for preparing your product ion-ready images, ht tps://www.life-science-
alliance.org/authors 

-- Summary blurb (enter in submission system): A short  text  summarizing in a single sentence the
study (max. 200 characters including spaces). This text  is used in conjunct ion with the t it les of
papers, hence should be informat ive and complementary to the t it le and running t it le. It  should
describe the context  and significance of the findings for a general readership; it  should be writ ten in
the present tense and refer to the work in the third person. Author names should not be ment ioned.

B. MANUSCRIPT ORGANIZATION AND FORMATTING:

Full guidelines are available on our Instruct ions for Authors page, ht tps://www.life-science-
alliance.org/authors 

We encourage our authors to provide original source data, part icularly uncropped/-processed
electrophoret ic blots and spreadsheets for the main figures of the manuscript . If you would like to
add source data, we would welcome one PDF/Excel-file per figure for this informat ion. These files
will be linked online as supplementary "Source Data" files. 

***IMPORTANT: It  is Life Science Alliance policy that if requested, original data images must be
made available. Failure to provide original images upon request will result  in unavoidable delays in
publicat ion. Please ensure that you have access to all original microscopy and blot  data images
before submit t ing your revision.*** 

--------------------------------------------------------------------------- 

Reviewer #1 (Comments to the Authors (Required)): 

In this manuscript , Teo and colleagues test  the idea that different subsets of kidney t issue resident
macrophages are important for prevent ing C. albicans mediated fungal infect ions in the kidney.
They show convincing data that fract ion 1 kidney resident macrophages are required for clearing
the fungal infect ion at  later t ime points and that fract ion 2 kidney resident macrophages are
required for limit ing the init ial fungal burden. These data are strong, novel, and convincing. However,
the lat ter port ion of this manuscript , which at tempts to address the mechanism, falls a bit  short .
This reviewer feels that several of the pieces of data to understand mechanism are there, but the
order of presentat ion and rat ionale should be altered to improve readability/quality of the
manuscript . This manuscript  could also be strengthened by a thorough proof-reading as well as a
one or two addit ional experiments. The most crit ical of these addit ional experiments is a simple
characterizat ion of CD169+ and CD169++ cells (and analysis of CD169 expression in individual
cells). This may also increase the authors understanding of how different fract ions of t issue
resident macrophages restrict  fungal burden through different mechanisms. A list  of detailed



suggest ions and comments is listed below. 

Specific comments: 
It  is difficult  to tell what region of the kidney is shown in Figure 1C. The authors should either include
markers that ident ify cells from either region or show a view of the kidney where cortex and medulla
can be clearly ident ified. 

If all TRM express CD169 to some level as shown in figure 1D, would the authors not expect a
greater reduct ion in both fract ion 1 and fract ion 2 following DT treatment? Do fract ion 2 cells
express the DTR on the cell surface? Is it  possible that a few cells in fract ion 2 express high CD169
while a majority express none? This seems to make more sense than the idea that all cells in
fract ion 2 express intermediate levels of Cd169. 

This paper would be significant ly strengthened if a more thorough characterizat ion (mult i-
parameter flow; RNA seq) of CD169++ and CD169+ resident macrophages was performed. This
includes a better analysis of how much CD169 is expressed in individual fract ion 1 and fract ion 2
resident macrophages through mult i-parameter flow cytometry. 

If the fungal burden is the same in WT and CD169 DTR mice at  day 6, why is there differences in
kidney damage (tubular necrosis, hemorrhages, etc)? Are all of the C albicans alive in both groups?
This should be addressed. 

The data presented in figure 5I claiming that "Exogenous rIFNγ rescued neutrophils' oxidat ive killing
in infected CD169-DTR mice" is a bit  of a stretch as Ifng t reatment only part ially rescues ROS
product ion. Does treatment with Ifng change the % of neutrophils that  produce ROS? This would
help to convince me that Ifng does indeed st imulate ROS product ion in neutrophils. 

Why the immediate focus on NK cells in figure 6? Several cells can produce Ifng including Th1 cells,
ILC1s, NKT1s, Nk cells, and macrophages. It  is unclear as to why the authors jump to exclude NK
cells as being important without first  ident ifying the major cell type that produces Ifng, which they
show are kappa+ B cells in the last  figure. This figure is confusing and should be removed (or at  the
very least , moved to supplementary). 

In my opinion, the authors should make figure 5 G-J a separate figure. Figure 5 will show that ROS
product ion is defect ive in CD169 deficient  mice. New figure 6 would show that an inducer of ROS,
Ifng, is also defect ive and that t reatment with Ifng part ially rescues ROS product ion. It  is my opinion
that the authors should then show the major cell type that is producing Ifng, which are kappa+ B
cells. The major experiments that are needed to decisively show the mechanism are: 1) to show
that B cell specific Ifng product ion is lost  in CD169++ DTR mice and 2) to show that loss of kappa+
B cells (or Ifng produced by these cells) mimics the phenotype found in CD169++ deficient  mice.
However, this may be beyond the scope of this manuscript . 

The sect ion t it led "Fract ion I and Fract ion II populat ions displayed different ial expression profiles."
comes out of nowhere and doesn't  fit  with the story. Why do the authors show expression of
CX3CR1, Il12p35/p40 and Il10 here? If the authors are t rying to characterize fract ion 1 and fract ion
2 macrophages from a wild type mouse, as they should, they should include this data earlier. RNA
sequencing or mult iparameter flow cytometry of fract ion 1 and fract ion 2 resident macrophages
would be much more informat ive. This goes with the comment from above. 

Can CD169+ macrophages direct ly influence ROS product ion by neutrophils and is this dependent



on Ifng? This is especially relevant since Ifng t reatment only mildly rescued ROS product ion in
neutrophils in figure 6A. 

Reviewer #2 (Comments to the Authors (Required)): 

The authors provide convincing evidence that CD169+ macrophages are required for the defense
against  renal candidiasis in the mouse. This is an interest ing finding worth report ing, since lit t le is
known about these macrophages in the kidney, on their role in the defense against  kidney infect ion
and on a role against  candidiasis. 
There are however a number of quest ions that need to be addressed before acceptance can be
recommended. Most notably, the mechanist ic clarificat ion lacks depth. 

Major concerns 
1) the authors should characterize their deplet ion model more carefully. They only showed how
many macrophages defined by different F4/80 and CD11b expression levels were depleted. First ,
they should show how efficient ly CD169+ cells were depleted in the kidney and other organs. Next,
it  is essent ial to show select ivity of deplet ion, because if other cell types are depleted as well,
conclusions or macrophages are not just ified any more. This should be done under homeostat ic
condit ions and infect ion, where CD169 expression might differ, and other cell types might become
suscept ible to deplet ion.

2) Previous studies by others have located CD169+ cells in the vicinity of real vessels. Fig 1C is
intended to show their locat ion in the present study. However, this immunofluorescence microscopy
shows no topological informat ion. The authors should use immunohistochemistry.

3) the authors only used wild type mice injected with diphtheria toxin as controls. The control of
PBS injected 169-DTR mice is lacking. This does not need to be repeated for all experiments, it  is
sufficient  to show in one experiment that  this t ransgenic mouse line is not more suscept ible to
candida than wild type mice

4) it  remains unclear how CD169+ macrophages contribute to the defense against  candida. The
authors speculate that an observed reduct ion in IFNg is responsible, and ident ify not further
characterised immune cells as potent ial producers. First , they did not provide evidence that the lack
of IFNg is causal. The authors show that other inflammatory cytokines are reduced as well (Fig S3).
Why then IFNg, and not these other cytokines?
And even if IFNg was causal, the connect ion to CD169+ macrophages is unclear. They did not show
that the deplet ion of CD169+ macrophages reduces their IFNg product ion. They also did not
ident ify the molecular mechanism by which macrophages induce IFN product ion in these
unident ified cells, but  that  is probably be beyond the scope of the present study.

Minor concerns 
• it  should be ment ioned that human kidneys are not as suscept ible to candidiasis as mouse
kidneys. Serious kidney candida infect ion is only seen in immunocompromised pat ients
• How much were Cd169+ cells reduced in CX3CR1 Kos?
• Fig 4: Monocytes were defined as Ly6C+ CD11b+ cells but that  includes also neutrophils



Reviewer #3 (Comments to the Authors (Required)): 

In this manuscript  by Ruedl and colleagues, the authors have invest igated the roles of CD169-
expressing cells in invasive candidiasis using a CD169-DTR mouse. The authors describe that the
mice lacking the CD169-expressing cell-types are suscept ible to invasive candidiasis and display
enhanced kidney damage and inflammation. Based on the data, the authors surmise that the
CD169-expressing cells regulate IFN-g product ion by B-cell like cells and in turn regulate the PMNs'
candidacidal act ivity. Although the role of CD169-expressing cells during invasive candidiasis has
not been characterized before and therefore the work of potent ial interest , there are several
concerns regarding the data and the authors' conclusions that are not fully supported by the
findings. I have out lined my major concerns below: 

1. CD169 has been shown to be expressed on a subset of renal t issue resident macrophage, hence
the rat ionale for using a CD169-DTR mouse to assess this macrophage populat ion is meritorious. In
addit ion to the above resident macrophages, monocytes have also been shown to express CD169
(PMID: 25266072). Hence, with the authors' approach, DT administrat ion should ablate these
monocytes as well. However, based on their data this does not seem to be the case. The authors
should address this discrepancy. Addit ionally, it  would be ideal if the authors provide a portrait  of
different cell-types which express CD169 during invasive candidiasis using FACS. This will help the
readers understand the target cells of the DT deplet ion of CD169 in their model.

2. The authors surmise that CD169++ macrophages regulate PMNs' candidacidal act ivity. This
conclusion is solely based on their observat ion that the PMNs from CD169-DTR mice have only
slight ly lower ROS product ion capacity. Hence, impaired candidacidal act ivity is indirect ly inferred
from the decreased ROS product ion capacity. The direct  Candida killing has not been examined at
all. Several approaches to examine Candida killing has been described (PMID: 26791948; 32554707;
other papers). The authors can examine PMNs-mediated Candida killing to direct ly support  their
claims. As of now, the claim that PMN candidacidal act ivity is impaired is not supported by the data.

3. In vit ro studies have pointed towards protect ive roles of IFN-g, however IFN-g in invasive
candidiasis has not been shown to be protect ive in convent ional non-gnotobiot ic animals (PMID:
9125557). In addit ion, pat ients with IFN-g signaling defect  do not develop invasive candidiasis, they
are at  risk for mycobacterial and endemic fungal ifnect ions. Hence, the authors' rat ionale of
assessing IFN-g deficiency as sole driver of suscept ibility in CD169-DTR needs clarificat ion and
important ly, a decrease in IFN-g in CD169-depleter mice is unlikely to explain the dramat ic increase
in mortality in the model. Do IFN-g KO mice in the authors' hands phenocopy CD169-depleter mice?
Can they rescue the phenotype of the CD169-depleter mice with recombinant IFN-g? Other
mechanisms beyond IFN-g are likely operat ional to explain the suscept ibility of CD169-depleter
mice in the model.

4. In the final figures, the authors analyze IFN-g cellular sources and conclude that a B cell like
populat ion is responsible for IFN-g product ion. In order to support  their conclusion, the authors need
substant ial amount of evidence and work. Some suggest ions as below:
a. Independent assessment of IFN-g product ion capacity by this specific cell-type in context  of
invasive candidiasis to rule out technical art ifact  (autofluorescence; fluorochrome overlap), which
seems more likely than a t rue finding that a B cell like cell is the predominant IFN-g cell in the
Candida-infected kidney. In fact , there are not many B cells in the Candida-infected kidneys further
raising concern that the cell that  the authors claim is a B cell is likely to be a different cell that  flow
cytometrically appears as if it  expresses B cell markers due to art ifact .
b. In order to assess CD169++ cell dependence of IFN-g product ion by this specific cell populat ion,



the authors need to show whether in the CD169-DTR mice, this cell populat ion has impaired IFN-g
product ion. 

Addit ionally, there are some other minor issues which also require further at tent ion. I have
highlighted them below: 

1. The representat ive flow cytometry plot  for CD169-DTR mice (and also control mice) have been
used at  mult iple locat ions throughout the manuscript , this should not be the case. A same flow
cytometry plot  cannot represent independent experiments.

2. From Figure 1, the authors ment ion that the CD169++ macrophages are present in the medullary
region and are ablated in the CD169-DTR mice. However, based on their high magnificat ion image,
this is not clear. The authors should provide a larger view of the kidney where
cort ical/medullary/pelvic regions are clearly visible and thus the localizat ion of the corresponding cell
ablat ion can be visualized.

3. In Figure 1A, the FACS ancestry of the gated F4/80-CD11b cells is not clear. It  should be noted
on which populat ion these cells are gated on. It  would also help if "gat ing strategy" for their flow
cytometry experiments is provided in supplement.

4. In Figure 1D and in supplements, the Fract ion I and Fract ion II were sorted and ut ilized in
experiments. In the supplement, the "post-sort" plots should be provided. This would be especially
essent ial, if the cells are being sorted based on the gates' geometry as depicted in Figure 1A, since
the 2 gates are pret ty close to each other. The gates' proximity can cause cross-contaminat ion in
each fract ion. Without the availability of "sort ing strategy" and "post-sort" it  is difficult  to assess the
purity of each macrophage fract ion.



1st Authors' Response to Reviewers    November 25, 2020

Point-by-Point Reply 

We thank all the reviewers for their constructive comments on our work. All critiques have been very 
helpful in preparing the revised manuscript. We have tried to address as well as we can on the 
experimental concerns and provide detailed answers to the raised remarks. Amendments in the 
manuscript have been highlighted in blue.  
We hope that with the described changes and responses, the paper is now suitable for publication 
in LSA.  

Reviewer #1:  
In this manuscript, Teo and colleagues test the idea that different subsets of kidney tissue resident 
macrophages are important for preventing C. albicans mediated fungal infections in the kidney. They 
show convincing data that fraction 1 kidney resident macrophages are required for clearing the 
fungal infection at later time points and that fraction 2 kidney resident macrophages are required for 
limiting the initial fungal burden. These data are strong, novel, and convincing. However, the latter 
portion of this manuscript, which attempts to address the mechanism, falls a bit short. This reviewer 
feels that several of the pieces of data to understand mechanism are there, but the order of 
presentation and rationale should be altered to improve readability/quality of the manuscript.  
This manuscript could also be strengthened by a thorough proof-reading as well as a one or two 
additional experiments. The most critical of these additional experiments is a simple characterization 
of CD169+ and CD169++ cells (and analysis of CD169 expression in individual cells). This may also 
increase the authors understanding of how different fractions of tissue resident macrophages restrict 
fungal burden through different mechanisms. A list of detailed suggestions and comments is listed 
below.  

Specific comments: 

1) It is difficult to tell what region of the kidney is shown in Figure 1C. The authors should either
include markers that identify cells from either region or show a view of the kidney where cortex and
medulla can be clearly identified.

One of the landmark architectures of renal cortex comprise of the glomeruli, which can be detected 
by CD31 positive staining. CD31 is constitutively present on the endothelial linings. In the image 
showing the cortical region, a cluster of CD31+ cells indicates presence of blood vessels and hence 
the glomerulus. The location of CD169+ macrophages has previously been reported by Karasawa et 
al., as mentioned in the Results session - CD169++ macrophages are a subpopulation of renal tissue-
resident macrophages (1st paragraph, 4th row). We have included this data in Figure 1 

F4/80 
CD169 
CD31 
 



2) If all TRM express CD169 to some level as shown in figure 1D, would the authors not expect a
greater reduction in both fraction 1 and fraction 2 following DT treatment? Do fraction 2 cells express
the DTR on the cell surface? Is it possible that a few cells
in fraction 2 express high CD169 while a majority express none? This seems to make more sense
than the idea that all cells in fraction 2 express intermediate levels of Cd169.

Yes, the DT-DTR system is sensitive and it depletes any cells that express the human heparin-
binding EGF-like growth factor (hHB-EGF), the ligand of DT, upon DT administration. Thus, it is likely 
that the remaining Fraction 2 cells after DT treatment do not express the huDTR, hence rendering 
them resistant to DT. Correspondingly, Fr1 TRMs express relatively higher hHB-EGF level when 
compared to Fr2 TRM, hence indicating Fr1 to be more susceptible to DT treatment. This data is 
now added in Fig. 1E. 

3) This paper would be significantly strengthened if a more thorough characterization (multi-
parameter flow; RNA seq) of CD169++ and CD169+ resident macrophages was performed. This
includes a better analysis of how much CD169 is expressed in individual fraction
1 and fraction 2 resident macrophages through multi-parameter flow cytometry.

To confirm the presence of two main F4/80hi TRM subpopulations (Fraction I and II), we have 
analysed scRNAseq data that was recently published by Zimmerman et al. (Zimmerman et al., 2019). 
Among other identified CD45+ immune cells (NK-cells, T cells, ILC, B cells and neutrophils), the 
UMAP analysis visualizes a large cell fraction of F4/80+ macrophages which can be subdivided in 
two main (0 and 1) and one minor (3) subset. Of note, a weak Siglec-1 (CD169) signal is only 
detectable in Fraction 0 which indicates that only one of these F4/80+ subsets express detectable 
levels of this I-type lectin, hence supporting our observed depletion profile in our CD169-DTR mice 
being restricted to only a subset of this F4/80hi fraction.  

Unfortunately, a multiparameter-flow cytometry would not help much in the characterization of these 
two fractions since, as shown in the heat-map below, the two cell types (clusters 0 and 1) show high 
similarities.  

We can include these data as a supplementary figure if requested by the reviewer. 

HB-EGF 



4) If the fungal burden is the same in WT and CD169 DTR mice at day 6, why are there differences
in kidney damage (tubular necrosis, hemorrhages, etc)?

The increased in renal damage at day 6 was likely due to the heightened inflammation as shown by 
the increased TNFα level in the CD169-DTR kidneys [Figure 3E]. CD169+ macrophages have 
previously been shown to be anti-inflammatory, wherein absence of these macrophages led to over 
inflammation in bacterial infection or IRI injuries (Svedova et al., 2017, Karasawa et al., 2015).  

This statement has been added to the 4th paragraph of the Result section - “CD169-DTR mice 
suffered from irreversible, progressive renal damage during Candida infection” 

5) Are all of the C albicans alive in both groups? This should be addressed.

Yes, they were alive in both groups. As shown in Figure 2, fungal burdens from both groups were 
quantified by counting the colonies formed after 48 hours of incubation.  

6) The data presented in figure 5I claiming that "Exogenous rIFNγ rescued neutrophils' oxidative
killing in infected CD169-DTR mice" is a bit of a stretch as IFNγ treatment only partially rescues ROS
production. Does treatment with IFNγ change the % of neutrophils
that produce ROS? This would help to convince me that IFNγ does indeed stimulate ROS production
in neutrophils.
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Yes, IFNγ treatment does induce higher % of ROS-producing neutrophils. We have included this 
data in Figure 6D and F. 

7) Why the immediate focus on NK cells in figure 6? Several cells can produce IFNγ including Th1
cells, ILC1s, NKT1s, Nk cells, and macrophages. It is unclear as to why the authors jump to exclude 
NK cells as being important without first identifying the major  
cell type that produces IFNγ, which they show are kappa+ B cells in the last figure. This figure is 
confusing and should be removed (or at the very least, moved to supplementary).  

Indeed, the major or classical IFNγ producers have been known to be NK, NKT and T cells. As we 
assessed the expression level of IFNγ at the early stage of infection (Day 6 and 10), it was likely that 
T cells were not the major players considering that the adaptive immune response will take 2 to 3 
weeks to set in (based on our vaccination experiments). Additionally, the involvement of NK cells in 
regulating the innate Candida immunity has been illustrated in several papers in recent years 
(explained in greater details in Results session - NK cells were not the major IFNγ producers for 
renal Candida infection and Discussion session – 7th paragraph). In other words, on day 2 and 6 of 
the infection, immunity is dominated by innate responses of which NK cells have been studied 
extensively for their capacity to produce IFNγ in Candida immunity, hence we were interested to 
investigate whether NK cells were important in our experimental model. However, much to our 
surprise, NK cells appeared to be redundant as shown in Figure 6F. Hence, we attempted to 
investigate the types of cells that express IFNγ by doing FACS. Based on our FACS data, these 
IFNγ-producers were not CD3+ and CD49+, hence ruling out T, NK and NKT cells. Surprisingly, it 
was a unique population that appears to express B-cell restricted markers, CD19 and Kappa light 
chain (innate B-like cells). 

8) In my opinion, the authors should make figure 5 G-J a separate figure. Figure 5 will show that
ROS production is defective in CD169 deficient mice. New figure 6 would show that an inducer of
ROS, IFNγ, is also defective and that treatment with IFNγ partially
rescues ROS production.

We have made a separate figure for Fig. 5G-J as suggested to improve clarity. 

It is my opinion that the authors should then show the major cell type that is producing IFNγ, which 
are kappa+ B cells. The major experiments that are needed to -decisively show the mechanism are: 
1) to show that B cell specific IFNγ
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production is lost in CD169++ DTR mice and 2) to show that loss of kappa+ B cells (or IFNγ produced 
by these cells) mimics the phenotype found in CD169++ deficient mice. However, this may be 
beyond the scope of this manuscript.  

As shown in Figure 8B, we compared the number of IFNγ+ B cells in uninfected control, infected WT 
and CD169-DTR mice and showed that the number of IFNγ-producing B cells was reduced in 
CD169-DTR mice. 

As pointed out by the reviewer, the detailed characterization of these IFNγ-producing B cells is 
beyond the scope of this manuscript. 

9) The section titled "Fraction I and Fraction II populations displayed differential expression profiles."
comes out of nowhere and doesn't fit with the story. Why do the authors show expression of CX3CR1,
Il12p35/p40 and Il10 here? If the authors are trying to
characterize fraction 1 and fraction 2 macrophages from a wild type mouse, as they should, they
should include this data earlier. RNA sequencing or multiparameter flow cytometry of fraction 1 and
fraction 2 resident macrophages would be much more informative.
This goes with the comment from above.

We attempted to characterize both fractions of renal macrophages and it appears that although they 
are very similar, only a subset of these macrophages expresses CD169. For more details, please 
refer to the answers for Reviewer 1, Qn3. 

We have removed this section as suggested as it does seem to be a misfit to the story. 

10) Can CD169+ macrophages directly influence ROS production by neutrophils and is this
dependent on IFNγ? This is especially relevant since IFNγ treatment only mildly rescued ROS
production in neutrophils in figure 6A.

Adoptive transfer of CD169+ macrophages at the kidney may address this question but unfortunately, 
we do not have this data. In Figure 6C and D, we showed that exogenous IFNγ rescues neutrophils’ 
ROS production and increases ROS-producing neutrophils. However, in Figure 8, we showed that 
IFNγ is not produced by macrophages, hence indicating that CD169+ macrophages indirectly 
influence the ROS level of the neutrophils. 

Next, we sought to find the source of IFNγ and in Figure 8, we showed that IFNγ are produced by 
B-like cells. Hence, our data suggest that, together with B cells, CD169+ macrophages coordinate
ROS secretion by neutrophils. Further research is warranted to investigate the efficiency of fungal
killing by comparing the interplay between CD169+macrophages/neutrophils and
CD169+macrophages/B-like cells/neutrophils.
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Reviewer #2: 

The authors provide convincing evidence that CD169+ macrophages are required for the defense 
against renal candidiasis in the mouse. This is an interesting finding worth reporting, since little is 
known about these macrophages in the kidney, on their role in the defense against kidney infection 
and on a role against candidiasis.  

There are however a number of questions that need to be addressed before acceptance can be 
recommended. Most notably, the mechanistic clarification lacks depth.  

Major concerns 

1) the authors should characterize their depletion model more carefully. They only showed how many
macrophages defined by different F4/80 and CD11b expression levels were depleted. First, they
should show how efficiently CD169+ cells were depleted in the kidney
and other organs. Next, it is essential to show selectivity of depletion, because if other cell types are
depleted as well, conclusions or macrophages are not justified any more. This should be done under
homeostatic conditions and infection, where CD169 expression
might differ, and other cell types might become susceptible to depletion.

The CD169-DTR mouse used was generated in our laboratory as described in Purnama et al 2014. 
We have since assessed the depletion profiles of our CD169-DTR mice in different organs (Gupta 
et al., 2016, Purnama et al., 2014, Chen and Ruedl, 2020) and observed specific and selective 
depletion of tissue-resident macrophages in e.g. spleen, lungs, adipose tissue, liver and kidney. Over 
the past years, our studies showed that Ly6Chi monocytes, monocyte-derived macrophages as well 
as dendritic cells are not affected upon DT treatment, except for a minor cross-priming Mf/cDC2 
“hybrid” F4/80hi antigen-presenting cell subset which express CD169 and therefore also depleted in 
CD169-DTR mice (Sheng et al. 2017) 

We also monitored cell ablation profiles in kidney before and after Candida infection and have not 
observed susceptibility of other cell types to DT depletion [Figure 4a]. Below are some other cell 
types that we investigated. 

We have added this information in the section - “CD169++ macrophages are a subpopulation of renal 
tissue-resident macrophages” 



2) Previous studies by others have located CD169+ cells in the vicinity of real vessels. Fig 1C is
intended to show their location in the present study. However, this immunofluorescence microscopy
shows no topological information. The authors should use immunohistochemistry.

In this paper, we were mainly interested in the gross location of CD169+ macrophages in the kidneys, 
whether they are located in the cortical (glomeruli) and/or the medullar region (renal tubules). For 
more details, please refer to our response to Reviewer 1, Qn 1. 

3) the authors only used wild type mice injected with diphtheria toxin as controls. The control of PBS
injected 169-DTR mice is lacking. This does not need to be repeated for all experiments, it is
sufficient to show in one experiment that this transgenic mouse
line is not more susceptible to candida than wild type mice

Indeed, we are aware that this is an important control to ensure that the phenotype observed in DT-
treated CD169-DTR mice is not due to the effect of DT administration and has previously conducted 
a preliminary experiment similar to what is suggested, by comparing WT+DT mice with CD169-
DTR+PBS mice. Our data revealed that their survivals were comparable. 

4) it remains unclear how CD169+ macrophages contribute to the defense against candida. The
authors speculate that an observed reduction in IFNγ is responsible, and identify not further
characterised immune cells as potential producers. First, they did not
provide evidence that the lack of IFNγ is causal. The authors show that other inflammatory cytokines
are reduced as well (Fig S3). Why then IFNγ, and not these other cytokines?

The expression of IL12 (IL12p35/IL12p40) leads to IFNγ production. IFNγ was used as the target 
since IFNγ was the only cytokine investigated that showed the most reduction in CD169-DTR mice. 
As mentioned in the discussion (paragraph 6), we have also attempted to investigate other cytokines 
that have been known to be important for systemic Candida infection, such as IL6 and IL17. However, 
their qPCR expression level was undetectable.  

We agreed that the inclusion of S3 is a misfit as suggested by Reviewer 1, Qn 9 and have removed 
it. 



5) And even if IFNγ was causal, the connection to CD169+ macrophages is unclear. They did not
show that the depletion of CD169+ macrophages reduces their IFNγ production. They also did not
identify the molecular mechanism by which macrophages induce IFN production
in these unidentified cells, but that is probably be beyond the scope of the present study.

We showed that there was a prominent increase in IFNγ expression (in qPCR and FACS) in infected 
WT mice, and this IFNγ expression was significantly reduced in infected CD169-DTR mice [Figure 
6A, B]. In addition, absence of CD169++ macrophages led to a significant reduction of IFNγ-producing 
B-like cells [Figure 8B]. Indeed, we acknowledge that current data have yet established any direct
correlation between CD169+ macrophages and IFNγ-secreting B-like cells. However, it is clear that
CD169+ macrophages do not contribute to the IFNγ level in kidney, which is the key driver for
neutrophils’ ROS production.

Minor concerns 

• it should be mentioned that human kidneys are not as susceptible to candidiasis as mouse kidneys.
Serious kidney candida infection is only seen in immunocompromised patients

This statement has been added to the last few sentences of 2nd paragraph in the discussion. 

• How much were Cd169+ cells reduced in CX3CR1 Kos?

The reduction of CD169+ macrophages in CX3CR1-ko mice was similar to those in CD169-DTR mice 
[Supplementary Figure 1A and B]. Specifically, the average numbers of CD169+ macrophages in 
Control, CD169-DTR and CX3CR1-ko mice were 58,440, 4455 and 4986 respectively.  

• Fig 4: Monocytes were defined as Ly6C+ CD11b+ cells but that includes also neutrophils

Neutrophils were excluded when we analyzed for the monocytes. Below is our gating strategy for 
monocytes and neutrophils. Indeed, for better clarity, we will change our definition of monocytes to 
Ly6Chi CD11b+ cells. 



Reviewer #3: 

In this manuscript by Ruedl and colleagues, the authors have investigated the roles of CD169-
expressing cells in invasive candidiasis using a CD169-DTR mouse. The authors describe that the 
mice lacking the CD169-expressing cell-types are susceptible to invasive candidiasis and display 
enhanced kidney damage and inflammation. Based on the data, the authors surmise that the CD169-
expressing cells regulate IFN-g production by B-cell like cells and in turn regulate the PMNs' 
candidacidal activity. Although the role of CD169-expressing cells during invasive candidiasis has 
not been characterized before and therefore the work of potential interest, there are several concerns 
regarding the data and the authors' conclusions that are not fully supported by the findings. I have 
outlined my major concerns below:  

1) CD169 has been shown to be expressed on a subset of renal tissue resident macrophage, hence
the rationale for using a CD169-DTR mouse to assess this macrophage population is meritorious.
In addition to the above resident macrophages, monocytes have also been shown to express CD169
(PMID: 25266072). Hence, with the authors' approach, DT administration should ablate these
monocytes as well. However, based on their data this does not seem to be the case. The authors
should address this discrepancy. Additionally, it would be ideal if the authors provide a portrait of
different cell-types which express CD169 during invasive candidiasis using FACS. This will help the
readers understand the target cells of the DT depletion of CD169 in their model.

This paper (PMID: 25266072) shows that in the adoptive transfer experiment, Ly6Clo monocytes 
improve the survival rate of CD169-DTR mice by 62.5% and Ly6Chi monocytes improve by 33%, 
which suggests that Ly6Clo monocytes replace CD169+ macrophages. Additionally, using parabiosis 
experiment, the authors revealed that a small population of CD169+ macrophages is differentiated 
from Ly6Clo monocytes. Approximately 5.5% of monocytes (CD11b+F4/80neg) are labelled CD169-
YFP. In view of this, we would expect a partial depletion of Ly6Clo monocytes in our CD169-DTR 
mice. Interestingly, in one of our earlier depletion experiments, as the figure (below) shows, there 
were no significant reduction of both Ly6Clo and Ly6Chi monocytes in our transgenic mice. 

The presence of a small subset of CD169+Ly6Clo monocytes was mentioned to the 4th paragraph of 
the Discussion section. 

Noteworthy, the CD169-DTR mice (PMID: 25266072 and ours) have been generated from 2 different 
labs. Our CD169-DTR mice were generated in-house (Purnama et al., 2014). Therefore, one 
plausible explanation for the discrepancies in the deletion of monocytes in PMID: 25266072 and our 
model were because of the different CD169-DTR mice strains used.  



2) The authors surmise that CD169++ macrophages regulate PMNs' candidacidal activity. This
conclusion is solely based on their observation that the PMNs from CD169-DTR mice have only
slightly lower ROS production capacity. Hence, impaired candidacidal activity is indirectly inferred
from the decreased ROS production capacity. The direct Candida killing has not been examined at
all. Several approaches to examine Candida killing has been described (PMID: 26791948; 32554707;
other papers). The authors can examine PMNs-mediated Candida killing to directly support their
claims. As of now, the claim that PMN candidacidal activity is impaired is not supported by the data.

We have previously attempted to assess the PMN's candidacidal activity (WT and CD169-DTR) ex 
vivo, however, we are technically not able to perform the experiment protocol. 

3) In vitro studies have pointed towards protective roles of IFN-g, however IFN-g in invasive
candidiasis has not been shown to be protective in conventional non-gnotobiotic animals (PMID:
9125557). In addition, patients with IFN-g signaling defect do not develop invasive candidiasis, they
are at risk for mycobacterial and endemic fungal ifnections. Hence, the authors' rationale of
assessing IFN-g deficiency as sole driver of susceptibility in CD169-DTR needs clarification and
importantly, a decrease in IFN-g in CD169-depleter mice is unlikely to explain the dramatic increase
in mortality in the model. Do IFN-g KO mice in the authors' hands phenocopy CD169-depleter mice?
Can they rescue the phenotype of the CD169-depleter mice with recombinant IFN-g? Other
mechanisms beyond IFN-g are likely operational to explain the susceptibility of CD169-depleter mice
in the model.

Our data suggest two factors that contribute to the immunopathology of CD169-DTR mice. One 
factor is the lack of IFNγ-mediated immunity and the other is over-inflammation. CD169+ 
macrophages have previously been shown to be anti-inflammatory, wherein absence of these 
macrophages led to over inflammation in bacterial infection or IRI injuries (Svedova et al., 2017, 
Karasawa et al., 2015). Correspondingly, we observed that there was a significant increase of TNFα 
in the kidneys of CD169-DTR mice [Figure 3E].  

Notably, the increased inflammation in the kidneys could be due to the inability of CD169-DTR 
kidneys in containing the fungal growth [Figure 2B and C], hence indicating the reduced ability of 
fungal killing by neutrophils. To illustrate the involvement of IFNγ on neutrophil functions in CD169-
DTR mice, we treated the latter with rIFNγ, and showed that rIFNγ increases ROS-producing 
neutrophils in the kidneys. We have included this data in Figure 6D and F. 

4. In the final figures, the authors analyze IFN-g cellular sources and conclude that a B cell like
population is responsible for IFN-g production. In order to support their conclusion, the authors need 
substantial amount of evidence and work. Some suggestions C o n tro l C D 1 6 9 -D T R
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as below: 
a. Independent assessment of IFN-g production capacity by this specific cell-type in context of
invasive candidiasis to rule out technical artifact (autofluorescence; fluorochrome overlap), which
seems more likely than a true finding that a B cell like cell
is the predominant IFN-g cell in the Candida-infected kidney. In fact, there are not many B cells in
the Candida-infected kidneys further raising concern that the cell that the authors claim is a B cell is
likely to be a different cell that flow cytometrically appears as if it expresses B cell markers due to
artifact.

We have made several attempts to reduce the likelihood of technical artifact. These include 
incubating the cells with FC-block (CD16/32 antibody) that precede staining with antibodies for 
extracellular markers, dead cell exclusion to avoid false-positive signals and tested with multiple 
fluorochromes of same extracellular marker. To ensure that these were unique B cells, we revealed 
that these IFNγ-producing cells were only restricted to Kappa-light chain and CD19+ cells [Figure 7]. 
We did not exclude any IFNγ+ cells in our FACS plots as illustrated in Figure 8. 
As discussed in the discussion paragraph 8, the presence of this unique B cell population in innate 
immunity has been reported in different infection models (Bao et al., 2014, Krocova et al., 2020). 

To further investigate the presence of IFNγ+ B cells in steady state kidney, we analysed scRNAseq 
data that was recently published by Zimmerman et. al. (Zimmerman et al., 2019). Here, we show 
that despite the low frequency of IFNγ + B cells at steady state, their presence in another study 
further substantiate the presence and expansion of such cells in the infection context.  

Cell cluster 6: B cells 

6

Enriched kidney myeloid cells – steady state



b. In order to assess CD169++ cell dependence of IFN-g production by this specific cell population,
the authors need to show whether in the CD169-DTR mice, this cell population has impaired IFN-g
production.

We have performed the experiment where we compared the number of IFNγ+ B cells in uninfected 
control, infected WT and CD169-DTR mice. In this figure, we showed that IFNγ-producing B cells 
were indeed lost in CD169-DTR mice [Figure 8B]. 

Additionally, there are some other minor issues which also require further attention. I have 
highlighted them below:  

1. The representative flow cytometry plot for CD169-DTR mice (and also control mice) have been
used at multiple locations throughout the manuscript, this should not be the case. A same flow
cytometry plot cannot represent independent experiments.

Thanks for raising it; it was a careless mistake from our side. We have changed the FACs plot. 

2. From Figure 1, the authors mention that the CD169++ macrophages are present in the medullary
region and are ablated in the CD169-DTR mice. However, based on their high magnification image,
this is not clear. The authors should provide a larger view of the
kidney where cortical/medullary/pelvic regions are clearly visible and thus the localization of the
corresponding cell ablation can be visualized.

We have assessed different region of the kidneys and have observed that CD169+ macrophages 
reside mainly in the medullary region. For more details, please refer to our response to Reviewer 1, 
Qn1. 

3. In Figure 1A, the FACS ancestry of the gated F4/80-CD11b cells is not clear. It should be noted
on which population these cells are gated on. It would also help if "gating strategy" for their flow
cytometry experiments is provided in supplement.

This was our gating strategy: 



4. In Figure 1D and in supplements, the Fraction I and Fraction II were sorted and utilized in
experiments. In the supplement, the "post-sort" plots should be provided. This would be especially
essential, if the cells are being sorted based on the gates' geometry
as depicted in Figure 1A, since the 2 gates are pretty close to each other. The gates' proximity can
cause cross-contamination in each fraction. Without the availability of "sorting strategy" and "post-
sort" it is difficult to assess the purity of each macrophage
fraction.

Although the two fractions are quite close, our sorting re-analysis clearly show two distinct purified 
cell fractions (see FACS plots below), when reanalyzed post-sort.  
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December 23, 20201st Revision - Editorial Decision

December 23, 2020 

Re: Life Science Alliance manuscript  #LSA-2020-00890-TR 

Prof. Christ iane Ruedl 
Nanyang Technological University 
School of Biological Sciences 
60 Nanyang Drive 
Singapore 637551 
Singapore 

Dear Dr. Ruedl, 

Thank you for submit t ing your revised manuscript  ent it led "Renal CD169++ resident macrophages
are crucial for protect ion against  acute systemic candidiasis" to Life Science Alliance. The
manuscript  has been seen by the original reviewers whose comments are appended below. While
the reviewers cont inue to be overall posit ive about the work in terms of its suitability for Life
Science Alliance, some important issues remain. 

As you will note from the reviewers' comments below, they are disappointed that their concerns
about mechanist ic studies were not sufficient ly addressed. We are, however, sympathet ic to your
situat ion given that you have had to downsize your mouse colonies due to COVID-related lab
shutdowns. We propose that you revise the manuscript  in accordance to Reviewer 1's suggest ions,
leaving the mechanist ic underpinnings for a future study. We would also appreciate it  if you can
incorporate Rev 2's and Rev 3's concerns in the discussion, and a point-by-point  response to all the
reviewers' concerns. 

Please note that I will expect to make a final decision without addit ional reviewer input upon
resubmission. 

Please submit  the final revision within one month, along with a let ter that  includes a point  by point
response to the remaining reviewer comments. 

To upload the revised version of your manuscript , please log in to your account:
ht tps://lsa.msubmit .net/cgi-bin/main.plex 
You will be guided to complete the submission of your revised manuscript  and to fill in all necessary
informat ion. 

Please pay at tent ion to adhere to our editorial requirements for revisions: 

A. THESE ITEMS ARE REQUIRED FOR REVISIONS

-- A let ter addressing the reviewers' comments point  by point . 

-- An editable version of the final text  (.DOC or .DOCX) is needed for copyedit ing (no PDFs). 

-- High-resolut ion figure, supplementary figure and video files uploaded as individual files: See our



detailed guidelines for preparing your product ion-ready images, ht tps://www.life-science-
alliance.org/authors 

-- Summary blurb (enter in submission system): A short  text  summarizing in a single sentence the
study (max. 200 characters including spaces). This text  is used in conjunct ion with the t it les of
papers, hence should be informat ive and complementary to the t it le and running t it le. It  should
describe the context  and significance of the findings for a general readership; it  should be writ ten in
the present tense and refer to the work in the third person. Author names should not be ment ioned.

B. MANUSCRIPT ORGANIZATION AND FORMATTING:

Full guidelines are available on our Instruct ions for Authors page, ht tps://www.life-science-
alliance.org/authors 

Thank you for this interest ing contribut ion to Life Science Alliance. 

Sincerely, 

Shachi Bhatt , Ph.D. 
Execut ive Editor 
Life Science Alliance 
ht tps://www.lsajournal.org/ 
Tweet @SciBhatt  @LSAjournal 

--------------------------------------------------------------------------- 

Reviewer #1 (Comments to the Authors (Required)): 

The first  port ion of this manuscript  (Figures 1-4; supplemental figures S1-S3) describing the
different ial contribut ion of kidney resident macrophage subsets to C. albicans infect ion is strong,
novel, and interest ing. However, the remaining port ion of the manuscript  is disorganized, illogical,
and speculat ive. For example, the authors propose that CD169 DTR mice have increased fungal
burden and t issue damage due to the impaired ability of neutrophils to produce ROS. However, they
never actually confirm that ROS product ion (overall ROS or neutrophil specific ROS) has any effect
on fungal burden. This is a crucial mechanist ic experiment that  is missing if they are going to make
this claim. Likewise, they propose that reduced B cell derived Ifng in CD169 DTR mice causes the
reduced ROS product ion in neutrophils result ing in increased fungal burden. However, the authors
do not provide direct  evidence that altering Ifng levels in B cells (or deplet ing B cells altogether) has
any effect  on neutrophil ROS product ion or fungal burden. Why would it  not  affect  ROS product ion
in monocytes, who's ROS product ion is also dampened in CD169 DTR mice? Overall, the
mechanist ic link connect ing Fr I macrophages, altered Ifng product ion in B cells, and altered ROS
product ion in neutrophils is sorely lacking. I also do not understand why the authors could not
perform a mult i-parameter flow cytometry experiment to characterize Fr I and Fr II macrophages?
Nevertheless, this reviewer is st ill enthusiast ic about the first  4-5 figures of the paper despite the
significant limitat ions of the remaining figures. This reviewer strongly recommends that the authors
remove Figures 6, 7, and 8; however, it  may be reasonable to include data from figure 5, which would
allow them to speculate that the increased fungal burden in CD169DTR mice is due to the inability
of neutrophils to produce ROS. The authors could then focus their future studies on developing a
more detailed mechanism describing how Fr1 macrophages control fungal burden through
interact ion with IFNg+ B cells and ROS+ neutrophils. These changes, as well as the corresponding



changes to the text , would render this manuscript  acceptable for publicat ion in my opinion (even in
the absence of a better characterizat ion of CD169++ and CD169+++ macrophages). I have a few
other responses to the authors comments below. 

3) This paper would be significant ly strengthened if a more thorough characterizat ion
(mult iparameter flow; RNA seq) of CD169++ and CD169+ resident macrophages was performed.
This includes a better analysis of how much CD169 is expressed in individual fract ion 1 and fract ion
2 resident macrophages through mult i-parameter flow cytometry.

To confirm the presence of two main F4/80hi TRM subpopulat ions (Fract ion I and II), we have
analysed scRNAseq data that was recent ly published by Zimmerman et  al. (Zimmerman et  al.,
2019). Among other ident ified CD45+ immune cells (NK-cells, T cells, ILC, B cells and neutrophils),
the UMAP analysis visualizes a large cell fract ion of F4/80+ macrophages which can be subdivided
in two main (0 and 1) and one minor (3) subset. Of note, a weak Siglec-1 (CD169) signal is only
detectable in Fract ion 0 which indicates that only one of these F4/80+ subsets express detectable
levels of this I-type lect in, hence support ing our observed deplet ion profile in our CD169-DTR mice
being restricted to only a subset of this F4/80hi fract ion. 

Unfortunately, a mult iparameter-flow cytometry would not help much in the characterizat ion of
these two fract ions since, as shown in the heat-map below, the two cell types (clusters 0 and 1)
show high similarit ies. 

We can include these data as a supplementary figure if requested by the reviewer. 

While it  is possible that Fr I and Fr II macrophages differ only in expression of CD169, this is highly
unlikely based on the data the authors present in the paper showing that the funct ion of each
macrophage populat ion is unique. Thus, it  is very likely that  Fr I and FrII macrophages would be
different if the authors analyzed a series of commonly accepted macrophage markers in both cell
types. It  is unclear why the authors did not do this experiment. Also, while at tempt ing to ident ify
CD169+ resident macrophages in the single cell data set, the authors must remember that the
sensit ivity of single cell RNA sequencing is not good, which precludes this from being useful in
answering the proposed quest ion. 

7) Why the immediate focus on NK cells in figure 6? Several cells can produce IFNγ including Th1
cells, ILC1s, NKT1s, Nk cells, and macrophages. It  is unclear as to why the authors jump to exclude
NK cells as being important without first  ident ifying the major cell type that produces IFNγ, which
they show are kappa+ B cells in the last  figure. This figure is confusing and should be removed (or
at  the very least , moved to supplementary).

Indeed, the major or classical IFNγ producers have been known to be NK, NKT and T cells. As we
assessed the expression level of IFNγ at  the early stage of infect ion (Day 6 and 10), it  was likely
that T cells were not the major players considering that the adapt ive immune response will take 2
to 3 weeks to set  in (based on our vaccinat ion experiments). Addit ionally, the involvement of NK
cells in regulat ing the innate Candida immunity has been illustrated in several papers in recent
years (explained in greater details in Results session - NK cells were not the major IFNγ producers



for renal Candida infect ion and Discussion session - 7th paragraph). In other words, on day 2 and 6
of the infect ion, immunity is dominated by innate responses of which NK cells have been studied
extensively for their capacity to produce IFNγ in Candida immunity, hence we were interested to
invest igate whether NK cells were important in our experimental model. However, much to our
surprise, NK cells appeared to be redundant as shown in Figure 6F. Hence, we at tempted to
invest igate the types of cells that  express IFNγ by doing FACS. Based on our FACS data, these
IFNγ-producers were not CD3+ and CD49+, hence ruling out T, NK and NKT cells. Surprisingly, it
was a unique populat ion that appears to express B-cell restricted markers, CD19 and Kappa light
chain (innate B-like cells) 

The authors have missed the point  of my original comment. Although there may be validity in
hypothesizing that NK cells are important in controlling infect ion through product ion of IFNg (based
on literature), why not direct ly test  if they produce IFNg before going through all the work of
deplet ing NK cells in there model? Also, if the authors claim that "it  was likely that  T cells were not
the major players considering that the adapt ive immune response will take 2 to 3 weeks to set  in",
why do they find Ifng producing B cells in the kidney at  days 2 and 6? B cells are adapt ive immune
cells, so this statement doesn't  make sense and in fact , does suggest that  the adapt ive immune
response can occur within 6 days post infect ion. 

Reviewer #2 (Comments to the Authors (Required)): 

The authors chose not to provide the requested analysis on the specificity and effect ivity of their
CD169 DTR mice in the candida infect ion model. They refer to previosu publicat ions, but these
were not done in the candida system. 
They also chose not to determine the numbers of renal CD169+ macrophages as requested. 
The request to improve the mechanist ic clarificat ion of their observat ion was mainly addressed by
removing data and rewording, not by providing further mechanist ic insight. My other points were
addressed sat isfactorily. 

Reviewer #3 (Comments to the Authors (Required)): 

In a revised manuscript , Ruedl and colleagues have addressed some of the concerns raised during
the review process; some sat isfactorily but some not. Although the characterizat ion of CD169-
expressing cells in renal ant ifungal immune response is meritorious and the revised manuscript  is
improved, there are three remaining items that, in the opinion of this reviewer, require further
change: 
1. The authors did not provide a comprehensive characterizat ion of the different renal cell-types
that express CD169 during invasive candidiasis. This can be easily done via flow cytometry using an
ant i-CD169 ant ibody which is commercially available. Based on such cell-type specific CD169
expression profiling, it  will easier for the readers to assess the CD169-DTR mice and its phenotypes
in an unbiased manner and will provide important informat ion on the molecule the authors' paper is
about.
2. All reference to candidacidal act ivity of neutrophils or killing act ivity of neutrophils is not based on
experimental data but inference from ROS differences. I understand it  might be technically difficult



to do killing assays from neutrophils harvested from the kidney but the authors should remove all
reference to killing by neutrophils as they did not perform such experiments. They should refer to
ROS by neutrophils, not  killing. Alternat ively, they can examine neutrophil killing and refer to the
results of that  experimentat ion. 
3. The authors provide some rat ionale about the cell type that expresses kappa light  chain,
intermediate levels of CD19, MHCII and produces IFNg. It  remains unclear what cell this is. A
possibility, that  is easily tested using flow cytometry is plasma cells. The authors should stain for
CD138, BCMA and/or CD27 to rule in or rule our this CD19int  populat ion is plasma cells. In addit ion, a
figure that summarizes a) all IFNg+ cells in the infected kidney (how many are NK cells, how many
this CD19+ populat ion, how many are CD4+ T cells, how many CD8 T cells, how many NKT cells),
and b) whether the frequency of the CD19+ populat ion is decreased in CD169-DTR mice (which
would go together with data requested in #1 above; that  is, are these CD19+ cells expressing
CD169) are important to show.



Dear Dr. Bhatt, 

Thank you for giving us the opportunity to revise the manuscript and send back a final 

draft, which we hope will be accepted for publication in LSA. 

We have addressed all points raised by the three reviewers and took out all our 

experiments related to the understanding of the mechanistic relationship between TRMs, 

ROS and IFN-. We still feel to keep the results showing the reduced renal IFN- 

response in absence of TRMs and the flow cytometry analysis of the putative IFN- 

secreting cells. We agree with you and the editors that new experiments addressing the 

mechanistic aspects between TRMs, neutrophils and IFN- producing cells are required 

and will be performed in a separate study. 

See below our Point-by-Point reply to the latest reviewers comments. 

Sincerely yours 

Christiane Ruedl 

Point-by-Point reply 

We thank again all the reviewers for their constructive comments on our work. We have 
tried again to address as well as we can on the experimental concerns and provide 
detailed answers to the raised remarks. Amendments in the manuscript have been 
highlighted in red.  

We hope that with the described changes and responses, the paper is now suitable for 
publication in LSA.  

Reviewer #1: 

While it is possible that Fr I and Fr II macrophages differ only in expression of CD169, 

this is highly unlikely based on the data the authors present in the paper showing that 

the function of each macrophage population is unique. Thus, it is very likely that Fr I and 

FrII macrophages would be different if the authors analyzed a series of commonly 

accepted macrophage markers in both cell types. It is unclear why the authors did not 

do this experiment. Also, while attempting to identify CD169+ resident macrophages in 

the single cell data set, the authors must remember that the sensitivity of single cell 

RNA sequencing is not good, which precludes this from being useful in answering the 

proposed question. 

2nd Authors' Response to Reviewers January 18, 2021



Reviewer #2: 

The authors chose not to provide the requested analysis on the specificity and effectivity 

of their CD169 DTR mice in the candida infection model. They refer to previosu 

publications, but these were not done in the candida system. 

We agree that this manuscript lacks comprehensive profiling of Fr I and Fr II 

macrophages during the progression of the candida infection. We are currently not able 

to perform the experiment requested since unfortunately due to the pandemic we lack 

the mouse numbers requested for this experiment. 

The CD169-DTR mouse model was generated many years ago in our lab and used in 

many other studies involving viral as well as parasite infections. All our data and tissue 

analysis generated in these studies have demonstrated a TRM specific ablation in all 

organs tested. Here in this manuscript we have shown that CD169-DTR mouse strain is 

a specific tool to ablate renal CD169++ TRM while sparing neutrophils, monocytes and 

CD169+ TRM. We have also shown that CD169-DTR does not negatively impact other 

cell types investigated, such as T cells and NK cells. For ablation effectiveness, our 

data showed that the depletion of CD169++ TRM is >90% [Fig. 1A, B]. 

They also chose not to determine the numbers of renal CD169+ macrophages as 

requested. 

We have previously provided the number of CD169+ macrophages as requested. This is 

what was replied (quoted from previous point-by-point reply) 

"• How much were Cd169+ cells reduced in CX3CR1 Kos? 

The reduction of CD169+ macrophages in CX3CR1-ko mice was similar to those in 

CD169-DTR mice [Supplementary Figure 1A and B]. Specifically, the average numbers 

of CD169+ macrophages in Control, CD169-DTR and CX3CR1-ko mice were 58,440, 

4455 and 4986 respectively. " 

The request to improve the mechanistic clarification of their observation was mainly 

addressed by removing data and rewording, not by providing further mechanistic insight. 

We agree that this manuscript lacks conclusive data to shed the lights on mechanistic 

insights. In the discussion, we have included additional references to discuss the 

discrepancy and probable insights to our studies. The elucidation of the mechanistic link 

between TRMs, neutrophil and IFN will be addressed in future studies. 



My other points were addressed satisfactorily. 

Reviewer #3: 

In a revised manuscript, Ruedl and colleagues have addressed some of the concerns 

raised during the review process; some satisfactorily but some not. Although the 

characterization of CD169-expressing cells in renal antifungal immune response is 

meritorious and the revised manuscript is improved, there are three remaining items 

that, in the opinion of this reviewer, require further change: 

1. The authors did not provide a comprehensive characterization of the different renal

cell-types that express CD169 during invasive candidiasis. This can be easily done via

flow cytometry using an anti-CD169 antibody which is commercially available. Based on

such cell-type specific CD169 expression profiling, it will easier for the readers to

assess the CD169-DTR mice and its phenotypes in an unbiased manner and will

provide important information on the molecule the authors' paper is about.

Using the flow-cytometry approach, we used two antibody clones (REA197 and 

3D6.112) against CD169 (i.e Siglec-1) to assess the expression of Siglec-1 by cells 

isolated from kidneys. However, we had little success to get a good staining profile. It is 

important to note that Siglec-1 is believed to express very little in the kidney (Adapted 

from https://www.genecards.org/cgi-bin/carddisp.pl?gene=SIGLEC1). 

In contrast, histological analysis gave clearer and definite positive staining results, 

hence we decided to include these data in figure 1. The discrepancy between flow 

cytometry and histology results could be explained by the possibility that the Siglec 1 

molecule is sensitive to the enzymes used during the tissue digestion, which does not 

affect the expression of HB-EGF (DTR). The DTR-DT system is highly sensitive and few 

molecules of HB-EGF expression on the cell surface are enough to kill the expressing 

cells. The cells sensitive to DT ablation are expressing Siglec-1, although REA197 and 

3D6.112 antibodies are not able to identify the positive cells clearly by FACS.  

2. All reference to candidacidal activity of neutrophils or killing activity of neutrophils is

not based on experimental data but inference from ROS differences. I understand it

might be technically difficult to do killing assays from neutrophils harvested from the

kidney but the authors should remove all reference to killing by neutrophils as they did

not perform such experiments. They should refer to ROS by neutrophils, not killing.

Alternatively, they can examine neutrophil killing and refer to the results of that

experimentation.



We agree that we should refer to ROS and not to neutrophils killing and the terms 

should not be used interchangeably, we have since amended the manuscript. We have 

included more details on why we previously referred ROS to neutrophils killing. Please 

refer to paragraph 6 of the discussion section. 

3. The authors provide some rationale about the cell type that expresses kappa light

chain, intermediate levels of CD19, MHCII and produces IFNg. It remains unclear what

cell this is. A possibility, that is easily tested using flow cytometry is plasma cells. The

authors should stain for CD138, BCMA and/or CD27 to rule in or rule our this CD19int

population is plasma cells.

Yes, future experiments will be warranted to extensively assess this unique population, 

whether they are plasma cells or innate like cells. At present with the existing literature 

on hand, we would think that this population is likely to be innate cell.  

 In addition, a figure that summarizes a) all IFNg+ cells in the infected kidney (how many 

are NK cells, how many this CD19+ population, how many are CD4+ T cells, how many 

CD8 T cells, how many NKT cells), and b) whether the frequency of the CD19+ 

population is decreased in CD169-DTR mice (which would go together with data 

requested in #1 above; that is, are these CD19+ cells expressing CD169) are important 

to show. 

We have previously shown various types of potential cells that may be the IFN-

producers. Please refer to Fig. 7 (previously Fig.8). In this experiment, we gated on all 

IFN
+ cells and back-gated to the respective marker panels. This was how we derived 

that the IFN producing cells express B-cell marker phenotype. In addition, we also 

revealed the reduction of CD19+ IFNg+ cells in the absence of CD169++ TRM [Fig.7B 

(previously Fig.8B)]. 



We have tested several macrophage-related markers (e.g. CSF1R, MertK, CD64) by 

multi-color flow cytometry and could not visualize major differences since both cell 

subsets are macrophages therefore expressing the same markers at similar levels. The 

scRNA analysis attached to our previous rebuttal shows that there is a distinction 

between the populations based on their gene expression profile, therefore distinct 

populations are clearly separated in the tNSE plot analysis proving evidence for the 

diversity of this F4/80hi expressing macrophage population.   

The authors have missed the point of my original comment. Although there may be 

validity in hypothesizing that NK cells are important in controlling infection through 

production of IFNg (based on literature), why not directly test if they produce IFNg 

before going through all the work of depleting NK cells in there model? Also, if the 

authors claim that "it was likely that T cells were not the major players considering that 

the adaptive immune response will take 2 to 3 weeks to set in", why do they find Ifng 

producing B cells in the kidney at days 2 and 6? B cells are adaptive immune cells, so 

this statement doesn't make sense and in fact, does suggest that the adaptive immune 

response can occur within 6 days post infection. 

We have now rearranged the main figures and supplementary figures as well as the text 

according to reviewers’ advice. In brief, we now show that a pilot experiment was first 

carried out to screen the cell source that produce IFN which includes surface marker to 

identify NK cells. After we observed no IFN secretion from NK cells, we followed up 

with a series of experiments to validate our observation. We included NK cells as it has 

been described as one of the major innate cells to release IFN and to regulate 

neutrophils' functions. It is surprising that NK cells are not vital for producing IFN in our 

infection model, hence we believe that it will be informative to share our observations 

with the community. Moreover, for those papers that we mentioned in the discussions, 

the function of NK cells was assessed at an earlier timepoint (i.e day 1), which could be 

the reason for the discrepancy observed. For more details, please refer to the 2nd last 

paragraph of the discussion section. 

We would like to highlight that we also assessed on the possibility of T cells being the 

IFN producers. However, our data revealed that they do not express IFN at day 6 

(previously in Fig 8; now in Fig 7). In this paper, we are proposing that it is a unique 

innate B-like cell that express IFN. It is vital to note that the strain that we used for 

infecting the mice, SC5314, is not a natural commensal for the mice; hence the 

likelihood of them developing adaptive immunity prior to infection is believed to be 

minimal.  



January 19, 20212nd Revision - Editorial Decision

January 19, 2021 

RE: Life Science Alliance Manuscript  #LSA-2020-00890-TRR 

Prof. Christ iane Ruedl 
Nanyang Technological University 
School of Biological Sciences 
60 Nanyang Drive 
Singapore 637551 
Singapore 

Dear Dr. Ruedl, 

Thank you for submit t ing your revised manuscript  ent it led "Renal CD169++ resident macrophages
are crucial for protect ion against  acute systemic candidiasis". We would be happy to publish your
paper in Life Science Alliance pending final revisions necessary to meet our formatt ing guidelines. 

Along with the points listed below, please also at tend to the following: 
-please add a callout  for Figure S3A to your main manuscript  text
-please use the [10 author names, et  al.] format in your references (i.e. limit  the author names to the
first  10)
- The uninfected panel in Fig S3A, B and C look like they are the same image. It  is LSA policy to not
duplicate any images within the manuscript . Given that the comparison is with CD169-DTR mice at
day 3, 6 and 10 p.i, we would need you to provide appropriate experiment-matched controls within
each figure.

If you are planning a press release on your work, please inform us immediately to allow informing our
product ion team and scheduling a release date. 

To upload the final version of your manuscript , please log in to your account:
ht tps://lsa.msubmit .net/cgi-bin/main.plex 
You will be guided to complete the submission of your revised manuscript  and to fill in all necessary
informat ion. Please get in touch in case you do not know or remember your login name. 

To avoid unnecessary delays in the acceptance and publicat ion of your paper, please read the
following informat ion carefully. 

A. FINAL FILES:

These items are required for acceptance. 

-- An editable version of the final text  (.DOC or .DOCX) is needed for copyedit ing (no PDFs). 

-- High-resolut ion figure, supplementary figure and video files uploaded as individual files: See our
detailed guidelines for preparing your product ion-ready images, ht tps://www.life-science-
alliance.org/authors 



-- Summary blurb (enter in submission system): A short  text  summarizing in a single sentence the
study (max. 200 characters including spaces). This text  is used in conjunct ion with the t it les of
papers, hence should be informat ive and complementary to the t it le. It  should describe the context
and significance of the findings for a general readership; it  should be writ ten in the present tense
and refer to the work in the third person. Author names should not be ment ioned. 

B. MANUSCRIPT ORGANIZATION AND FORMATTING:

Full guidelines are available on our Instruct ions for Authors page, ht tps://www.life-science-
alliance.org/authors 

We encourage our authors to provide original source data, part icularly uncropped/-processed
electrophoret ic blots and spreadsheets for the main figures of the manuscript . If you would like to
add source data, we would welcome one PDF/Excel-file per figure for this informat ion. These files
will be linked online as supplementary "Source Data" files. 

**Submission of a paper that does not conform to Life Science Alliance guidelines will delay the
acceptance of your manuscript .** 

**It  is Life Science Alliance policy that if requested, original data images must be made available to
the editors. Failure to provide original images upon request will result  in unavoidable delays in
publicat ion. Please ensure that you have access to all original data images prior to final
submission.** 

**The license to publish form must be signed before your manuscript  can be sent to product ion. A
link to the electronic license to publish form will be sent to the corresponding author only. Please
take a moment to check your funder requirements.** 

**Reviews, decision let ters, and point-by-point  responses associated with peer-review at  Life
Science Alliance will be published online, alongside the manuscript . If you do want to opt out of
having the reviewer reports and your point-by-point  responses displayed, please let  us know
immediately.** 

Thank you for your at tent ion to these final processing requirements. Please revise and format the
manuscript  and upload materials within 7 days. 

Thank you for this interest ing contribut ion, we look forward to publishing your paper in Life Science
Alliance. 

Sincerely, 

Shachi Bhatt , Ph.D. 
Execut ive Editor 
Life Science Alliance 
ht tps://www.lsajournal.org/ 
Tweet @SciBhatt  @LSAjournal 

------------------------------------------------------------------------------ 



January 22, 20213rd Revision - Editorial Decision

January 22, 2021 

RE: Life Science Alliance Manuscript  #LSA-2020-00890-TRRR 

Prof. Christ iane Ruedl 
Nanyang Technological University 
School of Biological Sciences 
60 Nanyang Drive 
Singapore 637551 
Singapore 

Dear Dr. Ruedl, 

Thank you for submit t ing your Research Art icle ent it led "Renal CD169++ resident macrophages are
crucial for protect ion against  acute systemic candidiasis". It  is a pleasure to let  you know that your
manuscript  is now accepted for publicat ion in Life Science Alliance. Congratulat ions on this
interest ing work. 

The final published version of your manuscript  will be deposited by us to PubMed Central upon
online publicat ion. 

Your manuscript  will now progress through copyedit ing and proofing. It  is journal policy that authors
provide original data upon request. 

Reviews, decision let ters, and point-by-point  responses associated with peer-review at  Life Science
Alliance will be published online, alongside the manuscript . If you do want to opt out of having the
reviewer reports and your point-by-point  responses displayed, please let  us know immediately. 

***IMPORTANT: If you will be unreachable at  any t ime, please provide us with the email address of
an alternate author. Failure to respond to rout ine queries may lead to unavoidable delays in
publicat ion.*** 

Scheduling details will be available from our product ion department. You will receive proofs short ly
before the publicat ion date. Only essent ial correct ions can be made at  the proof stage so if there
are any minor final changes you wish to make to the manuscript , please let  the journal office know
now. 

DISTRIBUTION OF MATERIALS: 
Authors are required to distribute freely any materials used in experiments published in Life Science
Alliance. Authors are encouraged to deposit  materials used in their studies to the appropriate
repositories for distribut ion to researchers. 

You can contact  the journal office with any quest ions, contact@life-science-alliance.org 

Again, congratulat ions on a very nice paper. I hope you found the review process to be construct ive
and are pleased with how the manuscript  was handled editorially. We look forward to future excit ing
submissions from your lab. 



Sincerely, 

Shachi Bhatt , Ph.D. 
Execut ive Editor 
Life Science Alliance 
ht tps://www.lsajournal.org/ 
Tweet @SciBhatt  @LSAjournal 
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