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2nd Aug 20211st Editorial Decision

Dear Tem, 

Thank you for submit t ing your manuscript  to The EMBO Journal. Your study has now been
reviewed seen by two referees and their comments are provided below. 

As you can see, the referees find the analysis interest ing but also find that we need some data to
support  the key conclusions and that LECs in lymph nodes limits viral spread. Should you be able to
address the raised concerns then I would like to invite you to submit  a revised version. 

When preparing your let ter of response to the referees' comments, please bear in mind that this will
form part  of the Review Process File, and will therefore be available online to the community. For
more details on our Transparent Editorial Process, please visit  our website:
ht tps://www.embopress.org/page/journal/14602075/authorguide#transparentprocess 

We generally allow three months as standard revision t ime. As a matter of policy, compet ing
manuscripts published during this period will not  negat ively impact on our assessment of the
conceptual advance presented by your study. However, we request that  you contact  the editor as
soon as possible upon publicat ion of any related work, to discuss how to proceed. Should you
foresee a problem in meet ing this three-month deadline, please let  us know in advance and we may
be able to grant an extension. 

I have at tached a document with helpful t ips on how to prepare the revised version. Please pay
attent ion to the parts on the Data Availability Sect ion and figure legends. 

Thank you for the opportunity to consider your work for publicat ion. I look forward to your revision. 

with best wishes 

Karin 

Karin Dumstrei, PhD 
Senior Editor 
The EMBO Journal 

Guide For Authors: ht tps://www.embopress.org/page/journal/14602075/authorguide 

Revision to The EMBO Journal should be submit ted online within 90 days, unless an extension has
been requested and approved by the editor; please click on the link below to submit  the revision
online before 31st Oct 2021: 

ht tps://emboj.msubmit .net/cgi-bin/main.plex 

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

Referee #2: 

In this study Carpent ier et  al. have ident ified a new role for MARCO + lymphat ic endothelial cells



(LECs) in lymph nodes (LNs) in limit ing viral spread of CHIKV from t issues into the bloodstream and
to distant body sites. MARCO has emerged as a novel marker of medullary LN LECs, but its funct ion
role in LECs has not been studied to date. At the same t ime, there are only a few studies that have
thus far implicated LECs in direct  host-pathogen interact ions. The new findings of this study,
demonstrat ing an act ive role of LN LECs in prevent ing viral disseminat ion, therefore are very t imely
and conceptually of great interest . 

For their work, the authors have primarily performed in vivo infect ion experiments in MARCO-
deficient mice, mice lacking LN (LTa-/-) or specific macrophages (Clec4F-DTR, CD169-DTR),
combined with clodronate deplet ion experiment. Addit ional support  for the involvement of MARCO+
LN LECs came from experiments performed with fluorescent CHIKV (combined with confocal
microscopy of dLNs) as well as single-cell RNA-sequencing to demonstrate the presence of viral
RNA in LN LEC subsets. 

The experiments arriving at  the conclusion that MARCO+ LN LECs are responsible for viral
sequestrat ion in draining LNs, seem generally well performed and in most cases sufficient ly
controlled. However, in its present form, the study is st ill lacking sufficient  funct ional insights into
how LECs mediate this protect ion ("sequestrat ion"). Part icularly, further evidence for the uptake of
virus into LECs and the fate of infected LECs would be needed. 

Major 

"LN macrophages are not required for CHIKV accumulat ion the dLN or for limit ing viral
disseminat ion": In the deplet ion experiment in Fig. 5a, DT-mediated deplet ion in macrophages is
only confirmed by one IFC image, showing the disappearance of all CD169+ cells (Fig. 5A). To back
this finding, it  would be important to show a FACS-based quant ificat ion of MARCO+ macrophage
deplet ion in CD169-DTR mice. 

Fig. 6: Uptake of CHIKV by LECS: Although the authors to do not formally claim in the experiments
performed with CHIKC-mCherry that viral uptake into occurs, this is implicit ly assumed by the
subsequent experiments detect ing CHIKV RNA in LECs (Fig. 7). Considering that the main finding of
this study is that  MARCO+ LECs "sequester" virus in LNs, it  would be relevant to generate further
evidence and mechanist ic evidence for the suggested viral uptake. Fig. 6D: high magnificat ion
images of mCHerry, LYVE-1 and MARCO: please provide orthogonal views to address uptake of
mCherry by LECs. In addit ion, please perform FACS experiments to quant ify uptake efficiency of LN
LECs (MARCO+ and MARCO-) as well as of Macrophages (MARCO+ / MARCO-). 

On the same theme: to mechanist ically strengthen the findings of MARCO-dependent interact ions
between LEC and CHIKV, the authors should perform in vit ro assays with cultured LECs transduced
(or not) with MARCO, to evaluate viral binding / uptake and possibly LEC survival. Performing such
experiments with human endothelial cells would also help to address the translat ional relevance of
these findings (i.e. whether mouse-specific or possibly also relevant for the human situat ion). 

Minor 
1) Introduct ion: Experiments in this study are mainly performed with CHIKV (some cases also with



ONNV and RRV, two other forms of arthritogenic alphaviruses). By contrast , most conclusions in
the manuscript  result  sect ions refer broadly to alphaviruses, and the manuscript  t it le even ment ions
arboviruses in general. The authors should either restrict  their claims to the viruses analyzed (i.e.
adapt the t it le and conclusions) or test  MARCO binding more broadly for more alphaviruses /
arboviruses. 

2) The first  paragraph of the introduct ion, although informat ive, doesn't  add essent ial informat ion
for the aim of the paper. At  the same t ime, the concept of LECS (definit ion, locat ion) is not
ment ioned unt il the end of the introduct ion, and an introduct ion to the emerging role of LEC-
pathogen interact ions in host defense is missing. 

3) Fig. Legends: It  is typically not clear what is meant with e.g. "N=7-12, 3 experiments": pooled data
from 3 experiments (total 7-12) or one representat ive out of 3 similar? 

4) Data representat ion: please follow the same pattern of depict ing your data in different Figures /
Figure panels (symbol or color used of dots) 

5) Why did the authors use 4 week-old mice (with a more immature immune system)? Have they
tested that similar findings can be made in older mice? 

6) Fig 2A: Why pool experiments in which mice are injected different ly (i.v, i.p)? 

7) Fig 2B: Abbreviat ions (e.g. PLL) should be better explained in the text  and figure legend 

8) Fig 2D: There is no legend/tags to explain the difference of the upper and the lower row of
histology pictures, making it  difficult  to follow. 

9) Fig 3: Could be moved to the supplementary 

10) Fig.4: Stat ist ical significance is confusing. Define better the bars on graphs to declare stat ist ical
significance or not 

11) Size of the scale bars in images of 5A and Fig. 6 are not ment ioned in the image/legend. 

12) Fig. 7: The authors show that in addit ion to MARCO+ LECs also a populat ion of "undefined
LECs" harbor high levels of CHIKV RNA (fig. 7G). Do these cells express the previously described
receptor for entry, Mxra8? - It  would be nice to compare the results of the FACS-based viral uptake
(suggested as major point  2) with the sequencing results. 

Referee #3: 

Summary 

In this paper, the authors provide novel insights into the role of MARCO in modulat ing the systemic



disseminat ion of CHIKV from the inoculat ion site to the blood. This is an important human
pathogen, for which there is lit t le published work defining roles for host immune responses that limit
development and establishment of viremia. In this study they provide convincing and interest ing
novel data defining roles of key cell types in the draining lymph node. However, the data defining
roles for liver phagocytes is more addit ive and represents only an incremental increase in our
understanding by which blood virus is cleared. 

Major concerns 

This is a well-designed study that uses appropriate experimental tools and models to define a role
for MARCO in limit ing disseminat ion of virus in the draining lymph node and maintenance of viremia.
Although there was no single major issue, the incremental/addit ive data that cont inues from their
previously published work defining a role for liver phagocytes in CHIKV clearance from blood seems
unnecessary. 

Minor concerns and detailed comments 

Figure 1 demonstrates how the absence of MARCO substant ially increases host suscept ibility to
CHIKV and other similar alphaviruses. This is shown to be due to changes in systemic suscept ibility,
as init ial replicat ion of virus at  inoculat ion site is most ly similar in both WT and KO mice. Virus is
shown to spread more robust ly in KO mice to distal t issues and thereby induce disease in a bilateral
fashion. 
Figure 1A,B. It  is not clear why WT mice injected with WT virus demonstrate no change in weight
and only a minor increase in disease score. Possible reasons for this should be clarified in the text
e.g. Just ificat ion of CHIKV strain used would help here. 
Figure 1D. The rate of clearance of CHIKV from circulat ion appears to be similar in WT and KO mice.
The total length of t ime for which mice are viremic was increased in KO mice - however this most
likely reflects the order of magnitude higher virus t it re at  24 hours. i.e. one follows the other. The
reference to this result  in the main text  (lines 129-133) should be clarified to avoid confusion. 
Figure EV1B- It  is not clear why virus levels are significant ly increased in the proximal ipsilateral
t issue in KO mice at  day 7 (which is key t imepoint , as this is when disease score peaks). This
suggests an inherent advantage to virus replicat ion at  the local site of inoculat ion. The authors
should explain why these data do not fit  their overall narrat ive and change their conclusions
accordingly. 

Figure 2 adds to previously published work defining a role for liver-resident phagocytes in clearance
of CHIKV from the blood, using genet ic diphtheria toxin induced models that more specifically
depletes CD169+ cells and also KC, leaving over cell types untouched. It  is not clear in the text  why
this approach was used and what substant ive informat ion this adds to the exist ing published work.
While the data support  a role for KC in CHIKV, they also suggest an important role for other non-KC
CD169 posit ive cells, which is not clear in their summarising statement for this sect ion. 

Figure 3. The use of i.v. CLL may also disrupt e.g. subcapsular populat ions of macrophages in the
LN, which are known to modulate lymph borne virus disseminat ion from cutaneous sites (although
LN macrophages are shown to be less important in later figures, they likely st ill have a role). The
authors should ideally demonstrate or reference appropriate work that show lymph node CD169
macrophages are not disrupted by i.v. CLL treatment, or discuss appropriately. 

Figure 4A - defines the relat ive contribut ion of lymph node and liver resident phagocyt ic cells,
showing that LN phagocytes are not responsible for clearing the majority of circulat ing virus.



However roles for eg spleen cells are not examined. 
Figure 4B. The introductory statement for just ifying experiments in Figure 4B (lines 218-220) is
confusing and should be clarified. The decrease in LN CHIKV RNA is fairly small compared to the
large increase in serum virus. This discrepancy is not well explained and the relat ive role of LN
MARCO+ve cells in prevent ing CHIV disseminat ion (with these data suggest ing a minor role) should
be clarified accordingly. 

Figure 5 -7. contains the most interest ing data and defines a novel role for MARCO+ LECs in
modulat ing CHIKV disseminat ion. Figure 6 also suggests that CD169+ve macrophage have a minor
or no role in sequestering lymph-borne virus, in which they show that the CD11b+ve macrophages
are most ly negat ive for CHIKV. The discrepancies with other published work for other lymph borne
viruses (eg VSV, Junt et  al 2007) should be more carefully discussed and done so in more detail.
Overall, the studies reported here are well done. 
Figure 7 - nicely defines the LEC populat ions that have CHIKV RNA, using appropriate cell lineage
markers to define the cell types involved. 

Discussion summaries the work well. 



RESPONSE TO REVIEWER COMMENTS 

Note, all line numbers indicated in our responses below refer to the “MARKED” word file provided in the 
revised submission materials.   

REVIEWER 2 

In this study Carpentier et al. have identified a new role for MARCO + lymphatic endothelial cells (LECs) in 
lymph nodes (LNs) in limiting viral spread of CHIKV from tissues into the bloodstream and to distant body sites. 
MARCO has emerged as a novel marker of medullary LN LECs, but its function role in LECs has not been 
studied to date. At the same time, there are only a few studies that have thus far implicated LECs in direct 
host-pathogen interactions. The new findings of this study, demonstrating an active role of LN LECs in 
preventing viral dissemination, therefore are very timely and conceptually of great interest. 

For their work, the authors have primarily performed in vivo infection experiments in MARCO-deficient mice, 
mice lacking LN (LTa-/-) or specific macrophages (Clec4F-DTR, CD169-DTR), combined with clodronate 
depletion experiment. Additional support for the involvement of MARCO+ LN LECs came from experiments 
performed with fluorescent CHIKV (combined with confocal microscopy of dLNs) as well as single-cell RNA-
sequencing to demonstrate the presence of viral RNA in LN LEC subsets. 

The experiments arriving at the conclusion that MARCO+ LN LECs are responsible for viral sequestration in 
draining LNs, seem generally well performed and in most cases sufficiently controlled. However, in its present 
form, the study is still lacking sufficient functional insights into how LECs mediate this protection 
("sequestration"). Particularly, further evidence for the uptake of virus into LECs and the fate of infected LECs 
would be needed. 

MAJOR 

1. "LN macrophages are not required for CHIKV accumulation the dLN or for limiting viral dissemination": In the
depletion experiment in Fig. 5a, DT-mediated depletion in macrophages is only confirmed by one IFC image,
showing the disappearance of all CD169+ cells (Fig. 5A). To back this finding, it would be important to show a
FACS-based quantification of MARCO+ macrophage depletion in CD169-DTR mice.

The image provided in Fig 5A is representative of three biological replicates. This has been clarified in the 
figure legend (see lines 1139-1140). Moreover, CD169-DTR mice have been extensively characterized by 
numerous research laboratories. Collectively, the data shows that the administration of DT (at the dose and 
route used in this study) efficiently depletes CD169+ macrophages in the sinuses of lymph nodes (1-3), which 
includes the medullary sinus macrophages that express MARCO.  

To further address this reviewer concern, we now provide FACS-based quantification of lymph node 
macrophage depletion in CD169-DTR mice (see new Appendix Figure S1). As medullary sinus macrophages 
express MARCO, and to avoid the reviewer’s concerns stated above regarding CD169, we focused these 
analyses on F4/80+CD11b+CD11c- cells (note, medullary sinus macrophages are F4/80+ whereas subcapsular 
sinus macrophages are F4/80-; both populations have low to undetectable levels of CD11c)(4). These analyses 
show a nearly 10-fold reduction in F4/80+CD11b+CD11c- cells in CD169-DTR mice treated with DT. Given that 
lymph nodes also contain populations of F4/80+CD169- macrophages (4), these data further support that the 
MARCO+CD169+ medullary sinus macrophages are efficiently depleted from the draining lymph node of  DT-
treated CD169-DTR mice.  

2. Fig. 6: Uptake of CHIKV by LECS: Although the authors to do not formally claim in the experiments
performed with CHIKC-mCherry that viral uptake into occurs, this is implicitly assumed by the subsequent
experiments detecting CHIKV RNA in LECs (Fig. 7). Considering that the main finding of this study is that
MARCO+ LECs "sequester" virus in LNs, it would be relevant to generate further evidence and mechanistic
evidence for the suggested viral uptake. Fig. 6D: high magnification images of mCHerry, LYVE-1 and MARCO:
please provide orthogonal views to address uptake of mCherry by LECs. In addition, please perform FACS

13th Aug 20211st Authors' Response to Reviewers



experiments to quantify uptake efficiency of LN LECs (MARCO+ and MARCO-) as well as of Macrophages 
(MARCO+ / MARCO). 
 
We appreciate this reviewer concern. To address this, we have performed new staining and analysis of LN 
sections. As shown in new Movie EV1, internalized CHIKV-associated antigen (mCherry) can be detected in 
Lyve1+MARCO+ cells. These data further support the idea that MARCO+ LECs uptake CHIKV particles.  
 
Regarding FACS-based analysis, in our experience FACS-based approaches cannot be used to address this 
question. At a maximum, stromal cells represent ~1-2% of total lymph node cells (5). Lymphatic endothelial 
cells (LECs) are only a fraction of all lymph node stromal cells (~15%)(5), and LECs can be divided into 
numerous subsets (Fig 7 and (6)). Thus, identifying virus associated with such rare cell populations by flow 
cytometry is extremely challenging.  
 
Finally, it should be noted that in addition to microscopy, we performed scRNAseq analysis to address this 
question. These data demonstrate that specific subpopulations of LECs harbor CHIKV RNA (Fig 7), further 
suggesting virus uptake by these cells.  
 
3. On the same theme: to mechanistically strengthen the findings of MARCO-dependent interactions between 
LEC and CHIKV, the authors should perform in vitro assays with cultured LECs transduced (or not) with 
MARCO, to evaluate viral binding / uptake and possibly LEC survival. Performing such experiments with 
human endothelial cells would also help to address the translational relevance of these findings (i.e. whether 
mouse-specific or possibly also relevant for the human situation). 
 
We agree with the reviewer that these data would be of interest. These experiments require careful selection 
and evaluation of endothelial cell type (endothelial cells derived from different tissue sources are highly 
diverse), cloning of murine MARCO (e.g., C57BL/6 allele) and  distinct alleles of human MARCO (human 
MARCO is polymorphic), confirmation of stable cell surface MARCO expression, confirmation of appropriate 
MARCO function by binding and internalization assays using established MARCO ligands, and the 
development of appropriate positive (e.g., cells ectopically expressing Mxra8) and negative controls for viral 
internalization. Given the abundant new information reported in the current study, we consider these additional 
studies to be beyond the scope of this report.  
 
MINOR 
 
1. Introduction: Experiments in this study are mainly performed with CHIKV (some cases also with ONNV and 
RRV, two other forms of arthritogenic alphaviruses). By contrast, most conclusions in the manuscript result 
sections refer broadly to alphaviruses, and the manuscript title even mentions arboviruses in general. The 
authors should either restrict their claims to the viruses analyzed (i.e. adapt the title and conclusions) or test 
MARCO binding more broadly for more alphaviruses / arboviruses. 
 
We have modified the manuscript title and text as recommended. 
 
2. The first paragraph of the introduction, although informative, doesn't add essential information for the aim of 
the paper. At the same time, the concept of LECS (definition, location) is not mentioned until the end of the 
introduction, and an introduction to the emerging role of LEC-pathogen interactions in host defense is missing. 
 
The first paragraph of the Introduction provides context for readers that may not be as familiar with the public 
health concerns of arboviruses. Thus, we think it is important to include. 
 
As suggested, we have modified the Introduction section to include additional information about LECs and 
pathogen interactions (see lines 113-116).  
 
3. Fig. Legends: It is typically not clear what is meant with e.g. "N=7-12, 3 experiments": pooled data from 3 
experiments (total 7-12) or one representative out of 3 similar? 
 
We have modified each of the figure legends and Extended View figure legends for clarity.   



 
4) Data representation: please follow the same pattern of depicting your data in different Figures / Figure 
panels (symbol or color used of dots) 
 
With the exception of MARCO-/- mice and LTα-/- mice, the display of the data is consistent across figures. We 
have modified the color of the symbols in Fig 4A for LTα-/- mice to avoid this overlap.  
 
5) Why did the authors use 4-week-old mice (with a more immature immune system)? Have they tested that 
similar findings can be made in older mice? 
 
For many viruses, including alphaviruses, mice greater than 4-5 weeks in age develop less severe infection 
outcomes. Thus, we and many other groups use 4-week old mice for CHIKV pathogenesis studies (7-9).   
 
6) Fig 2A: Why pool experiments in which mice are injected differently (i.v, i.p)? 
 
Because the magnitude of the effect on viral clearance from the circulation in DT-treated Clec4f-DTR mice was 
less than observed in CLL-treated mice, we tested whether the inoculation route of DT would impact the results 
in Clec4f-DTR mice. As shown in Fig 2A, whether DT was inoculated i.v. or i.p. did not alter viral clearance.  
 
7) Fig 2B: Abbreviations (e.g. PLL) should be better explained in the text and figure legend 
 
We have added clarification to the text (see lines 175-176) and the figure legends (see lines 1061 and 1098).  
 
8) Fig 2D: There is no legend/tags to explain the difference of the upper and the lower row of histology 
pictures, making it difficult to follow. 
 
For this figure, in order to convey to the readers the range of staining observed, we provided two 
representative images for each group. The legend has been modified for clarity (see line 1085). 
 
9) Fig 3: Could be moved to the supplementary 
 
In our view, these are critical data that demonstrate the key differences observed in MARCO-/- mice and mice 
depleted of liver Kupffer cells. Thus, we have chosen to keep these data in the main figures.  
 
10) Fig.4: Statistical significance is confusing. Define better the bars on graphs to declare statistical 
significance or not 
 
We have modified the display of the statistical analysis in Fig 4. 
 
11) Size of the scale bars in images of 5A and Fig. 6 are not mentioned in the image/legend. 
 
We have added this information to the figure legends for Fig 5A and Fig 6. 
 
12) Fig. 7: The authors show that in addition to MARCO+ LECs also a population of "undefined LECs" harbor 
high levels of CHIKV RNA (fig. 7G). Do these cells express the previously described receptor for entry, Mxra8? 
- It would be nice to compare the results of the FACS-based viral uptake (suggested as major point 2) with the 
sequencing results. 
 
We have performed a new analysis of the sequencing data (see Appendix Figure S4). This analysis revealed 
that the undefined LECs do not show expression of Mxra8. However, as originally discussed (see lines 440-
441), these cells display reduced mouse gene expression levels.  
 
REVIEWER 3 
 
In this paper, the authors provide novel insights into the role of MARCO in modulating the systemic 
dissemination of CHIKV from the inoculation site to the blood. This is an important human pathogen, for which 



there is little published work defining roles for host immune responses that limit development and 
establishment of viremia. In this study they provide convincing and interesting novel data defining roles of key 
cell types in the draining lymph node. However, the data defining roles for liver phagocytes is more additive 
and represents only an incremental increase in our understanding by which blood virus is cleared. 
 
MAJOR 
 
This is a well-designed study that uses appropriate experimental tools and models to define a role for MARCO 
in limiting dissemination of virus in the draining lymph node and maintenance of viremia. Although there was 
no single major issue, the incremental/additive data that continues from their previously published work 
defining a role for liver phagocytes in CHIKV clearance from blood seems unnecessary. 
 
We appreciate the positive comments from the reviewer. However, the new data using more specific depletion 
strategies demonstrates a key role for KCs in clearance of virus particles from the circulation and also a 
foundation for the identification of a second MARCO expression cell type (i.e., MARCO+ LECs) in the control of 
arthritogenic alphavirus dissemination.  
 
Minor concerns and detailed comments 
 
1. Figure 1A,B. It is not clear why WT mice injected with WT virus demonstrate no change in weight and only a 
minor increase in disease score. Possible reasons for this should be clarified in the text e.g. Justification of 
CHIKV strain used would help here. 
 
We appreciate this reviewer question. Numerous studies from our group and other laboratories have 
demonstrated that infection of 4 week-old WT C57BL/6 mice with a variety of WT CHIKV strains does not 
result in altered weight gain or disease signs beyond swelling of the inoculated foot (9-11). Altered weight gain 
and other more severe disease signs can occur following WT CHIKV infection in younger mice or 
immunodeficient mice (12, 13). We have provided new references in the methods section to support the use of 
4-week-old mice.  
 
3. Figure 1D. The rate of clearance of CHIKV from circulation appears to be similar in WT and KO mice. The 
total length of time for which mice are viremic was increased in KO mice - however this most likely reflects the 
order of magnitude higher virus titre at 24 hours. i.e. one follows the other. The reference to this result in the 
main text (lines 129-133) should be clarified to avoid confusion. 
 
In the text, we state that the magnitude and duration of viremia are increased in MARCO-/- mice (see lines 
142-143). As indicated by the reviewer, this statement is consistent with the data displayed in Fig 1D.  
 
4. Figure EV1B- It is not clear why virus levels are significantly increased in the proximal ipsilateral tissue in KO 
mice at day 7 (which is key timepoint, as this is when disease score peaks). This suggests an inherent 
advantage to virus replication at the local site of inoculation. The authors should explain why these data do not 
fit their overall narrative and change their conclusions accordingly. 
 
We agree with the reviewer that this is an interesting observation. At this time, we cannot provide a molecular 
mechanism for this observation. Given that this effect is not observed until day 7 post-infection in MARCO-/- 
mice, it is possible that MARCO may regulate other aspects of the antiviral immune response. However, these 
data do not alter the conclusions that MARCO limits early viral dissemination and viremia.   
 
5. Figure 2 adds to previously published work defining a role for liver-resident phagocytes in clearance of 
CHIKV from the blood, using genetic diphtheria toxin induced models that more specifically depletes CD169+ 
cells and also KC, leaving over cell types untouched. It is not clear in the text why this approach was used and 
what substantive information this adds to the existing published work. While the data support a role for KC in 
CHIKV, they also suggest an important role for other non-KC CD169 positive cells, which is not clear in their 
summarising statement for this section. 
 



The use of CD169-DTR mice and Clec4f-DTR mice strengthens the conclusion that Kupffer cells are required 
for the clearance of CHIKV particles from the circulation.  
 
6. Figure 3. The use of i.v. CLL may also disrupt e.g. subcapsular populations of macrophages in the LN, 
which are known to modulate lymph borne virus dissemination from cutaneous sites (although LN 
macrophages are shown to be less important in later figures, they likely still have a role). The authors should 
ideally demonstrate or reference appropriate work that show lymph node CD169 macrophages are not 
disrupted by i.v. CLL treatment, or discuss appropriately. 
 
We appreciate this reviewer concern. To our knowledge, liposomes that are administered i.v. are rapidly 
internalized by blood-exposed phagocytes (14, 15). Thus, i.v. administered CLL does not deplete cells in the 
parenchyma of tissues or somehow traffic into the popliteal lymph node. For these reasons, injection of CLL in 
the footpad or calf is routinely used to deplete macrophages in the draining popliteal lymph node (16, 17). 
Moreover, as shown in Fig 3, i.v. administration of CLL had no impact on viral dissemination. Thus, if the LN 
macrophages were depleted (again, not known to occur), the data would suggest a limited role for these cells 
in the control of CHIKV dissemination.  
 
7. Figure 4A - defines the relative contribution of lymph node and liver resident phagocytic cells, showing that 
LN phagocytes are not responsible for clearing the majority of circulating virus. However roles for eg spleen 
cells are not examined. 
 
In prior studies, we found that viral particles were cleared efficiently from the circulation of mice in which the 
spleen had been surgically removed (18). In addition, we also found that virus accumulated in the liver and that 
this accumulation was diminished following clodronate-mediated depletion of blood-exposed phagocytes – 
which was not observed in the spleen (18).  
 
8. Figure 4B. The introductory statement for justifying experiments in Figure 4B (lines 218-220) is confusing 
and should be clarified. The decrease in LN CHIKV RNA is fairly small compared to the large increase in 
serum virus. This discrepancy is not well explained and the relative role of LN MARCO+ve cells in preventing 
CHIV dissemination (with these data suggesting a minor role) should be clarified accordingly. 
 
The findings presented in Fig 4A suggested that MARCO-expressing cells in the draining lymph node limit 
CHIKV dissemination. Because of this, as outlined in the manuscript, we designed experiments to specifically 
test the role of MARCO in accumulation of the virus in the LN and spread to the blood circulation. Finally, 
decrease in CHIKV RNA in the LN of MARCO-/- mice is nearly 10-fold, indicating that far less virus (i.e., ~10%) 
accumulates in the LN and the overwhelming majority (i.e., ~90%) spreads to the blood circulation.  
 
9. Figure 5 -7. contains the most interesting data and defines a novel role for MARCO+ LECs in modulating 
CHIKV dissemination. Figure 6 also suggests that CD169+ve macrophage have a minor or no role in 
sequestering lymph-borne virus, in which they show that the CD11b+ve macrophages are mostly negative for 
CHIKV. The discrepancies with other published work for other lymph borne viruses (eg VSV, Junt et al 2007) 
should be more carefully discussed and done so in more detail. Overall, the studies reported here are well 
done. 
 
We appreciate this reviewer comment. We do address these issues at multiple points in the Discussion section 
including lines 389-405 and lines 420-429. To further emphasize differences with other published studies, we 
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"Declarat ion of Interests" should be re-labeled as Conflict  of Interest . 

Figs. EV2, EV4 & Appendix S1 panel callouts are missing. 

There is a callout  to Fig. S8, but no such figure. 

The figure legends for the appendix figures should be removed from the main manuscript  file. 

The movie should be ZIPed with its legend. The legend should be removed from the manuscript  file. 

Our publisher has also done their pre-publicat ion check on your manuscript . When you log into the
manuscript  submission system you will see the file "Data Edited Manuscript  file". Please take a look
at the word file and the comments regarding the figure legends and respond to the issues. 

We include a synopsis of the paper (see ht tp://emboj.embopress.org/). Please provide me with a
general summary statement and 3-5 bullet  points that capture the key findings of the paper. 

We also need a summary figure for the synopsis. The size should be 550 wide by [200-400] high
(pixels). You can also use something from the figures if that  is easier. 

That should be all. You can use the link below to upload the final version. 
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Referee #2: 

The authors have performed several experiments and successfully revised the manuscript  to
address most of my comments. 

In specific, they now provide a FACS-based quant ificat ion of LN macrophages, which demonstrates
the effect ive deplet ion of CD169+ macrophages in CD169-DTR mice (response to major comment
1). 

With regards to the uptake of CHIKV by LN LECs (response to major comment 2), I accept that  a
FACS-based analysis of uptake of fluorescent virus into LN LECs might be technically challenging,
even though this has been performed and reported by several studies for s.c. injected fluorescent
ovalbumin in the past (e.g. Tamburini et  al., Nat. Comm. 2014; Vokali et  al., Nat. Comm. 2020). 
Important ly, the authors now provide addit ional documentat ion of CHIKV uptake into LN LECs by
showing a movie (EV1), in which internalized CHIKV (mCherry+) can be seen within
Lyve1+MARCO+ cells in LN sect ions. Since a movie obviously is not quant itat ive, I would like to
suggest that  the authors either provide several movies (from several experiments) or at  least  write
in the legends that this movie is representat ive for several experiments performed. 

With regards to my third major comment (in vit ro uptake studies with MARCO +/ - LECs) the
authors have clearly explained the difficulty of such experiments and convinced me that these
addit ional studies would go beyond the scope of their current study. 

Also, my minor comments were largely addressed by the authors. As a general remark: it  would
have been helpful if the changes made to the manuscript  had been indicated in some way in the
text  or if at  least  correct  line numbers had been provided in the rebuttal. 

The only reply I am not sat isfied with is the one for minor comment 2: While I respect that  the
authors want to keep the text  about public health concerns of arbovirus infect ions, I st ill st rongly
believe that a sect ion / a few sentences on the emerging role of LEC-pathogen interact ions
(including references like e.g. PMID: 29343625; PMID: 24905362; PMID: 24905362; PMID: 15668734;
doi: ht tps://doi.org/10.1101/2021.08.26.457551 - or a dedicated review on this topic) is missing and
would be relevant for the general readership of this study. 

The authors wrote that this informat ion has been added, but I cannot spot it , and the line numbers
provided (lines 113-116) seem wrong. 

Referee #3: 

Concerns have been addressed in the authors rebuttal. In summary, defining a role for lymph node
LECs in limit ing viraemia is an important finding and should be published. 



RESPONSE TO EDITOR and REVIEWER COMMENTS 

EDITOR 

1. "Declaration of Interests" should be re-labeled as Conflict of Interest.

This has been changed to Conflict of Interest.  

2. Figs. EV2, EV4 & Appendix S1 panel callouts are missing.

Callouts to each of these panels are present in the manuscript file. A callout to Fig EV2 and Appendix Fig S1 
can be found in the subsection entitled “LN Macrophages are not required for CHIKV accumulation in the dLN 
or for limiting viral dissemination.” A callout to Fig EV4 can be found in the subsection entitled “MARCO+ LECs 
harbor CHIKV RNA.” 

3. There is a callout to Fig. S8, but no such figure.

This has been removed.  

4. The figure legends for the appendix figures should be removed from the main manuscript file.

The legends for the appendix figures have been removed from the main manuscript file. 

5. The movie should be ZIPed with its legend. The legend should be removed from the manuscript file.

The legend for the movie has been removed from the main manuscript file. A ZIP file including the movie and 
the legend has been provided.  

6. Our publisher has also done their pre-publication check on your manuscript. When you log into the
manuscript submission system you will see the file "Data Edited Manuscript file". Please take a look at the
word file and the comments regarding the figure legends and respond to the issues.

We have addressed all of the comments in the Data Edited Manuscript file. 

7. We include a synopsis of the paper (see http://emboj.embopress.org/). Please provide me with a general
summary statement and 3-5 bullet points that capture the key findings of the paper.

Outlined below, we have provided a general summary statement and 3-5 bullet points that capture the key 
findings of the paper: 

Lymphatic endothelial cells (LECs) in the draining lymph node and Kupffer cells (KCs) in liver sinusoids limit 
alphavirus dissemination to tissues and the development of viremia, which are essential for arbovirus 
pathogenicity and transmission, via the scavenger receptor MARCO.  

1. The draining lymph node (dLN) impedes viremia and viral dissemination via the scavenger receptor
MARCO during arthritogenic alphavirus infections.

2. MARCO+ lymphatic endothelial cells (LECs) in the dLN capture and internalize arthritogenic alphavirus
particles to limit viral dissemination to the blood.

3. Kupffer cells in the liver capture circulating alphavirus particles that breach the lymph node barrier to
access the bloodstream, providing a second line of MARCO-dependent defense.

4. MARCO-/- mice have an increased magnitude and duration of viremia, enhanced viral dissemination,
and more severe disease outcomes.
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8. We also need a summary figure for the synopsis. The size should be 550 wide by [200-400] high (pixels).  
 
A summary figure has been provided.  
 
REVIEWER 2 
 
Importantly, the authors now provide additional documentation of CHIKV uptake into LN LECs by showing a 
movie (EV1), in which internalized CHIKV (mCherry+) can be seen within Lyve1+MARCO+ cells in LN 
sections. Since a movie obviously is not quantitative, I would like to suggest that the authors either provide 
several movies (from several experiments) or at least write in the legends that this movie is representative for 
several experiments performed. 
 
We have indicated in the figure legend that the movie is representative of two independent experiments.  
 
The only reply I am not satisfied with is the one for minor comment 2: While I respect that the authors want to 
keep the text about public health concerns of arbovirus infections, I still strongly believe that a section / a few 
sentences on the emerging role of LEC-pathogen interactions (including references like e.g. PMID: 29343625; 
PMID: 24905362; PMID: 24905362; PMID: 15668734; doi: https://doi.org/10.1101/2021.08.26.457551 - or a 
dedicated review on this topic) is missing and would be relevant for the general readership of this study.  
 
The current Introduction section of the manuscript includes references to several reviews that discuss 
pathogen interactions with endothelial cells, including a comprehensive 2020 Nature Reviews Immunology 
article (Jalkanen and Salmi). Among the references recommended by the reviewers, one study (24905362), 
which the reviewer listed twice, is already cited in our manuscript three times and the major findings (i.e., that 
lymph node LECs can capture and archive antigen) are discussed in the Introduction, Results, and Discussion 
sections of the manuscript. Among the new suggestions provided by the reviewer, one study (PMID: 
29343625) describes how skin infection with Staphylococcus aureus alters lymphatic vessel contractility and 
lymph flow, likely due to bacteria exotoxin-mediated death of lymphatic muscle cells. Another study (15668734) 
describes factors that influence lymphangiogenesis during inflammation of airways. Finally, a non-peer 
reviewed preprint reports that skin infection with vaccinia virus results in the tightening of interendothelial 
junctions via VEGFR2 signaling, which seems to limit viral dissemination to the draining lymph node and 
improve priming of virus-specific CD8+ T cell responses. While we agree with the reviewer that these are all 
interesting findings, they address rather distinct questions. In our view, incorporating all of these ideas into the 
Introduction section of this manuscript would be not only be challenging, but also would be confusing for the 
reader.  
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