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27th Jun 20221st Editorial Decision

Dear Prof. van Buul,

Thank you for the submission of your research manuscript to EMBO reports. I have now received the reports from the three
referees that were asked to evaluate your study, which can be found at the end of this email. 

As you will see, the referees think that these findings are of interest. However, all referees have several comments, concerns,
and suggestions, indicating that a major revision of the manuscript is necessary to allow publication of the study in EMBO
reports. As the reports are below, and all their points need to be addressed, I will not detail them here.

Given the constructive referee comments, we would like to invite you to revise your manuscript with the understanding that all
referee concerns must be addressed in the revised manuscript and in a detailed point-by-point response. Acceptance of your
manuscript will depend on a positive outcome of a second round of review. It is EMBO reports policy to allow a single round of
revision only and acceptance of the manuscript will therefore depend on the completeness of your responses included in the
next, final version of the manuscript. 

Revised manuscripts should be submitted within three months of a request for revision. Please contact me to discuss the
revision (also by video chat) if you have questions or comments regarding the revision, or should you need additional time.

When submitting your revised manuscript, please also carefully review the instructions that follow below. 

PLEASE NOTE THAT upon resubmission revised manuscripts are subjected to an initial quality control prior to exposition to re-
review. Upon failure in the initial quality control, the manuscripts are sent back to the authors, which may lead to delays.
Frequent reasons for such a failure are the lack of the data availability section (please see below) and the presence of statistics
based on n=2 (the authors are then asked to present scatter plots or provide more data points).

When submitting your revised manuscript, we will require: 

1) a .docx formatted version of the final manuscript text (including legends for main figures, EV figures and tables), but without
the figures included. Figure legends should be compiled at the end of the manuscript text.

2) individual production quality figure files as .eps, .tif, .jpg (one file per figure), of main figures and EV figures. Please upload
these as separate, individual files upon re-submission.

The Expanded View format, which will be displayed in the main HTML of the paper in a collapsible format, has replaced the
Supplementary information. You can submit up to 5 images as Expanded View. Please follow the nomenclature Figure EV1,
Figure EV2 etc. The figure legend for these should be included in the main manuscript document file in a section called
Expanded View Figure Legends after the main Figure Legends section. Additional Supplementary material should be supplied
as a single pdf file labeled Appendix. The Appendix should have page numbers and needs to include a table of content on the
first page (with page numbers) and legends for all content. Please follow the nomenclature Appendix Figure Sx, Appendix Table
Sx etc. throughout the text, and also label the figures and tables according to this nomenclature. 

For more details, please refer to our guide to authors: 
http://www.embopress.org/page/journal/14693178/authorguide#manuscriptpreparation

Please consult our guide for figure preparation: 
http://wol-prod-cdn.literatumonline.com/pb-assets/embo-site/EMBOPress_Figure_Guidelines_061115-1561436025777.pdf

See also the guidelines for figure legend preparation:
https://www.embopress.org/page/journal/14693178/authorguide#figureformat

3) a complete author checklist, which you can download from our author guidelines
(https://www.embopress.org/page/journal/14693178/authorguide). Please insert page numbers in the checklist to indicate where
the requested information can be found in the manuscript. The completed author checklist will also be part of the RPF.

Please also follow our guidelines for the use of living organisms, and the respective reporting guidelines:
http://www.embopress.org/page/journal/14693178/authorguide#livingorganisms 

4) that primary datasets produced in this study (e.g. RNA-seq, ChIP-seq, structural and array data) are deposited in an
appropriate public database. If no primary datasets have been deposited, please also state this in a dedicated section (e.g. 'No
primary datasets have been generated and deposited'), see below.

See also: http://embor.embopress.org/authorguide#datadeposition 



Please remember to provide a reviewer password if the datasets are not yet public.

The accession numbers and database should be listed in a formal "Data Availability" section (placed after Materials & Methods)
that follows the model below. This is now mandatory (like the COI statement). Please note that the Data Availability Section is
restricted to new primary data that are part of this study. This section is mandatory. As indicated above, if no primary datasets
have been deposited, please state this in this section

# Data availability

The datasets produced in this study are available in the following databases:

- RNA-Seq data: Gene Expression Omnibus GSE46843 (https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE46843)
- [data type]: [name of the resource] [accession number/identifier/doi] ([URL or identifiers.org/DATABASE:ACCESSION])

*** Note - All links should resolve to a page where the data can be accessed. ***

Moreover, I have these editorial requests:

6) We strongly encourage the publication of original source data with the aim of making primary data more accessible and
transparent to the reader. The source data will be published in a separate source data file online along with the accepted
manuscript and will be linked to the relevant figure. If you would like to use this opportunity, please submit the source data (for
example scans of entire gels or blots, data points of graphs in an excel sheet, additional images, etc.) of your key experiments
together with the revised manuscript. If you want to provide source data, please include size markers for scans of entire gels,
label the scans with figure and panel number, and send one PDF file per figure.

7) Our journal encourages inclusion of *data citations in the reference list* to directly cite datasets that were re-used and
obtained from public databases. Data citations in the article text are distinct from normal bibliographical citations and should
directly link to the database records from which the data can be accessed. In the main text, data citations are formatted as
follows: "Data ref: Smith et al, 2001" or "Data ref: NCBI Sequence Read Archive PRJNA342805, 2017". In the Reference list,
data citations must be labeled with "[DATASET]". A data reference must provide the database name, accession
number/identifiers and a resolvable link to the landing page from which the data can be accessed at the end of the reference.
Further instructions are available at: http://www.embopress.org/page/journal/14693178/authorguide#referencesformat

8) Regarding data quantification and statistics, please make sure that the number "n" for how many independent experiments
were performed, their nature (biological versus technical replicates), the bars and error bars (e.g. SEM, SD) and the test used to
calculate p-values is indicated in the respective figure legends (also for potential EV figures and all those in the final Appendix).
Please also check that all the p-values are explained in the legend, and that these fit to those shown in the figure. Please
provide statistical testing where applicable. Please avoid the phrase 'independent experiment', but clearly state if these were
biological or technical replicates. See also:
http://www.embopress.org/page/journal/14693178/authorguide#statisticalanalysis

9) Please also note our reference format:
http://www.embopress.org/page/journal/14693178/authorguide#referencesformat

10) Please add scale bars of similar style and thickness to all the microscopic images (main and EV figures), using clearly visible
black or white bars (depending on the background). Please place these in the lower right corner of the images themselves.
Please do not write on or near the bars in the image but define the size in the respective figure legend.

11) We updated our journal's competing interests policy in January 2022 and request authors to consider both actual and
perceived competing interests. Please review the policy https://www.embopress.org/competing-interests and update your
competing interests if necessary. Please name this section 'Disclosure and Competing Interests Statement' and put it after the
Acknowledgements section.

12: Please remove the list of abbreviations from the manuscript. Please make sure abbreviations are defined the first time they 
are used in the manuscript.

I look forward to seeing a revised version of your manuscript when it is ready. Please let me know if you have questions or 
comments regarding the revision. 

Yours sincerely,



Achim Breiling
Senior Editor
EMBO Reports

-------------
Referee #1:

The manuscript by Dr. Grönloh and colleagues explored the hypothesis that heterogeneous surface expression of ICAM-1 in
endothelium plays an important role in promoting hotspots of neutrophil adhesion and modulating monolayer permeability (loss
of barrier) during neutrophil diapedesis. 

The major observations were: 1) Authors confirmed prior reports that neutrophil TEM hotspots occur in vitro in TNF, LPS, IFN-
gamma or IL-1-stimulated HUVEC (new here is with BO ECs) using a new analytic/quantitative method; 
2) Confirmed prior reports that ICAM-1 surface expression is heterogeneous in cytokine stimulated HUVEC monolayers; new
here was same finding in Authors' 3D vessel-on-a chip model;
3) In contrast to ICAM-1 expression patterns, ICAM-2 expression is not as heterogeneously expressed, included images of
discarded human surgical tissue stained for ICAM-1/PECAM-1 (but lacked quantification);
4) TEM hotspots correlate with high surface expressed ICAM-1 in ECs but less so with ICAM-2;
5) Authors propose (Fig 4) that presence of ICAM-1 in EC prevents loss of barrier neutrophil in vitro using a transwell and no-
flow (static) permeability assay. These data are not convincing as not clear that neutrophils form TEM hotspots under static
conditions.
6) ICAM-1 mutants demonstrate that Ig loops 1-3 were involved in formation of TEM hotspots.

Suggestions/comments.
1. Major Comment and Discussion lines 376-85: The Authors' premise is ICAM-1 is crucial for TEM hotspots. Yet Authors' data
do not support a role for ICAM-1 in neutrophil adhesion! Given these data, one has to question the validity of the assay used
here. There is strong evidence in literature that ICAM-1 and ICAM-2 function in neutrophil adhesion to cytokine or LPS activated
EC in vitro or in vivo. Authors did cite three refs. for this, but ignore the more accepted references that supporting ICAM-1
functions in neutrophil adhesion and arrest on EC via binding LFA-1Mac-1 integrins on neutrophils. See these refs and refs
within these publications (Smith CW. J Clin. Invest. 1989, 83:2008-2017; J. Immunol. 1999, 163:5029-5038; Blood 2006,
107:4721; Blood 2009, 113:6246; Blood 2005, 106:584;). This lessens my enthusiasm for this report.

2. Authors propose (Fig 4) that presence of ICAM-1 in EC prevents loss of barrier neutrophil in vitro using a transwell and no-
flow (static) permeability assay. These data are not convincing for multiple reasons. A missing data set is demonstration that
neutrophils form aggregates and TEM hotspots under static conditions in such assays. Specifically, the methods section (page
21) indicates a chemoattractant C5a and 24 hr TNF-alpha treated endothelium, which is distinctly different from flow study
methods using throughout report. See comment 6 below. Finally, TNF-alpha treatment of EC in vitro for 24 hr is known to induce
significant leakage in HUVEC yet Authors do not observed any leakage in Fig 5 (Ref for TNF induced perm change by ECIS
using BAEC but similar findings in HUVEC Am J Physiol Lung Cell Mol Physiol. 2001 Jun;280(6):L1168-78).

Other Comments:
3. Sites of TEM could differentially impact permeability. Do the neutrophils use the paracellular (junctional) or non-junctional
routes of TEM in these assays? This is physiologically relevant because different routes of TEM (junction vs non-junctional) may
differentially impact barrier function. Older literature found that longer times of TNF treatment led to greater amounts of ICAM-1
and a significant increase in non-junctional TEM. Did Authors observe non-junctional TEM at hot spots?

4. Authors ignore other possible contributors to neutrophil TEM hotspots: E-selectin is inducible in parallel with ICAM-1, and E-
selectin assists in activating neutrophil LFA-1 integrins to bind ICAM-1 and mediate arrest and adhesion/migration to TEM sites.
Authors focus on ICAM-1 but clearly other molecules play important roles. Including the surface expression/distribution of E-
selectin in these TEM assay models would be important. Likewise prior reports found that intracellular pools/locations of
chemokines play crucial roles in driving leukocyte TEM in vivo and in vitro (doi: 10.1016/j.immuni.2018.09.018; doi:
10.1038/ni.2173).

5. Figure 2 and Sfig 2. Please address the following comment in Discussion: One possible explanation for heterogeneity of
ICAM-1 or VCAM-1expression is that your HUVEC cultures were prepared from multiple umbilical cords, often up to 20+ or more
at commercial suppliers of HUVEC. Do you see the same heterogeneity in a culture from a single cord donor?

6. Figure legend 1 and page 6 Results. Include length of time that EC were treated with TNF-alpha. Longer times of treatment (>
24h) vs shorter treatment times (4 - 6 h) leads to greater amounts of surface ICAM-1. It is more physiological that using
transfection and CRISPR editing

7. Fig S2 Images of discarded human surgical tissue stained for ICAM-1/PECAM-1 should include quantification.



Minor.
Ref 8 is incomplete?
Line 273, mislabeled (Fig 7A-B)?
Line 326, misspelled recognition.

-------------
Referee #2:

The manuscript by Grönloh et al. analyzes the role of ICAM-1 in recognizing TEM hotspots for migrating neutrophils under
inflammatory conditions and assess the significance of these hotspots in limiting endothelial permeability during neutrophil
extravasation. Using a combination of approaches, including Crispr/Cas9, ICAM-1 mutants, photo-convertible probe 36 mEos4b,
and confocal and time lapse microscopy, neutrophil transmigration and endothelial permeability assays, data are presented to
reveal the existence of neutrophil TEM hotspots in the endothelial monolayer that are regulated by ICAM-1 heterogeneity to limit
vascular leakage during neutrophil extravasation. Evidence is also presented to show that the first 3 extracellular Ig-like domains
of ICAM-1 are required whereas the intracellular tail of ICAM-1 is dispensable for hotspot recognition. 

Although these findings are new and potentially interesting, the consideration of following points would further enhance the
manuscript:

1. Increased ICAM-1 expression either by treatment with TNF or transfection of ICAM-1 cDNA each induces TEM hotspots.
However, these experiments don't distinguish the additional effects of TNF (in addition to increasing the levels of ICAM-1) on
ICAM-1 (confirmational changes or post-translational modifications) that may also contribute to ICAM-1-dependent TEM
hotspots. It would be interesting to re-express ICAM-1 in ICAM-1 KO endothelial cells and treat them with or without TNF and
monitor ICAM-1 heterogeneity and TEM hotspots to see if these effects are more pronounced in TNF-treated cells.

2. Inclusion of an experiment in which extracellular domain of ICAM-2 or VCAM-1 is replaced with that of ICAM-1 (containing all
five Ig-like domains or just first 3 domains) would not only strengthen the claim that ICAM-1 extracellular domain is not only
sufficient but can render VCAM-1 or ICAM-2 capable of regulating TEM hotspots and limiting vascular permeability during
neutrophil TEM.

3. It would be interesting to determine how endothelial permeability during TEM is affected when neutrophils treated with
blocking anti-LFA-1 or anti-Mac-1 antibody alone and in combination are used.

4. Experiments in Fig. 6C lacks data with ICAM-1 mutant lacking Ig-like domain 1 or 3 as controls.

5. The labels in Fig. 2A are barely legible.

-------------
Referee #3:

The manuscript by Grönloh and colleagues makes the argument that heterogeneous ICAM-1 expression on HUVEC or blood
outgrowth ECs creates hotspots for PMN transmigration, and that in this configuration, TEM of neutrophils is not associated with
an increase in dextran permeability, either during or after TEM. This study nicely quantifies many aspects of ICAM-1 and -2
dependent binding, crawling, and subsequent TEM of purified human neutrophils on human EC monolayers in vitro. The imaging
methods and quantitative algorithms used have provided very interesting and novel data. There are a few minor details that need
clarification. From my perspective, putting this data into the ICAM-1 and PECAM-1 dependent TEM literature, which generally
has focused on signaling of TEM, without assessing permeability, requires a bit more integration and discussion.

Specific Comments:
1. The study makes the interesting observation that ICAM-1/2 hotspots promote TEM which somehow avoids a simultaneous
increase in permeability to dextran (ie., paracellular permeability). So where are these hotspots in the monolayer? Are they near
"tricellular junctions", for example? These have been referred to as the preferred sites of TEM, but with little documentation as to
why, and thus addressing this old concept with new data seems relevant here. It would be interesting if results of the current
study could clarify the location of hotspots relative to cell-cell junctions, especially PECAM staining, which I presume is required
for TEM in the studies presented.

2. Does EC ICAM-1 staining on individual cells change when the monolayer becomes confluent? Ie., Is formation of the
"hotspots" driven by the patterning of the monolayer (e.g., associated with tricellular or other configuration?), or is it in inherent in
the individual EC?

3. Alternatively, or perhaps in addition, are the hotspots concentrated on individual cells such that "activation" of ICAM-1 can
then drive mobilization of caveolae clusters to facilitate transmigration via a transcellular route or promote PECAM-1 membrane



localization from the Lateral Border Recycling Compartment for binding and transmigration of neutrophils via the paracellular
route. It was shown previously that ICAM-1 clustering induces NO and Src signaling that lead to ICAM-1, PECAM-1 and Cav1
phosphorylation. Some discussion on whether hotspots represent or give rise to clustered ICAM-1 that upon binding to PMN will
promote their TEM via signaling that controls the transcellular or paracellular route. It was unexpected to this reviewer that the
C-terminus of ICAM-1 would not be required for PMN TEM. Is this controversial ? Seems some discussion related to the role of
the C-term ITAM motif on both ICAM-1 and 2 is warranted as this relates to the ability of TNF to not only increase ICAM-1
expression, but also the increase in phosphorylation-dependent binding avidity to enhance PMN binding and TEM.

4. As there was no effect of ICAM-1 KO on PMN TEM, is it your conclusion that TEM is dependent on PECAM-1 at cell-cell
junctions? If so, what are CAMs are these PMN initially adhering to on the surface? ICAM-2 for sure. DKO of ICAM-1/2 did
reduce TEM by 50%, but what other CAMs are participating in firm adhesion of PMN?

5. Images of ICAM-1 and PECAM-1 in human microvessels do not seem to add anything or make a strong case in support of
the in vitro studies. Also, what is the purpose of showing the vessel on a chip staining? This also does not seem to add
information.

6. The following sentence on pg 17 related to the method of neutrophil counting is confusing:
"Only spots with a quality higher than 80 were filtered to ensure only neutrophils were counted."

Where does this quality number come from?

7. Monolayer permeability assessed by accumulation of 70kDa TR-dextran below the filter insert will reflect changes in junctional
integrity based on molecule size and disruption of adherens or tight junctions (paracellular pathway). Considering ICAM-1
activation via PMNs or antibody crosslinking can stimulate Src and trafficking of caveolae by promoting Cav1 phosphorylation, it
would perhaps be more interesting and for sure more physiological to assess Au-albumin permeability by transmission EM as a
function of PMN TEM, and to relate this to paracellular vs transcellular transport of albumin.

8. A conclusion of this study could be that heterogeneous ICAM-1 expression prevents activated PMN from increasing
monolayer permeability to macromolecules. Is there evidence for this in the ICAM-1-/- mouse? i.e., Do activated PMN increase
endothelial permeability to a greater extent in absence of ICAM-1 expression?
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We thank reviewer 1 for his/her thoughtful comments. We have addressed all the comments to 

the best of our ability in a point-by-point reply, listed below. 

Referee #1: 

The manuscript by Dr. Grönloh and colleagues explored the hypothesis that heterogeneous surface 

expression of ICAM-1 in endothelium plays an important role in promoting hotspots of neutrophil 

adhesion and modulating monolayer permeability (loss of barrier) during neutrophil diapedesis. 

The major observations were: 

1) Authors confirmed prior reports that neutrophil TEM hotspots occur in vitro in TNF, LPS, IFN-gamma

or IL-1-stimulated HUVEC (new here is with BO ECs) using a new analytic/quantitative method;

2) Confirmed prior reports that ICAM-1 surface expression is heterogeneous in cytokine stimulated

HUVEC monolayers; new here was same finding in Authors' 3D vessel-on-a chip model;

3) In contrast to ICAM-1 expression patterns, ICAM-2 expression is not as heterogeneously expressed,

included images of discarded human surgical tissue stained for ICAM-1/PECAM-1 (but lacked

quantification);

4) TEM hotspots correlate with high surface expressed ICAM-1 in ECs but less so with ICAM-2;

5) Authors propose (Fig 4) that presence of ICAM-1 in EC prevents loss of barrier neutrophil in vitro

using a transwell and no-flow (static) permeability assay. These data are not convincing as not clear

that neutrophils form TEM hotspots under static conditions.

6) ICAM-1 mutants demonstrate that Ig loops 1-3 were involved in formation of TEM hotspots.

Suggestions/comments. 

1. Major Comment and Discussion lines 376-85: The Authors' premise is ICAM-1 is crucial for TEM

hotspots. Yet Authors' data do not support a role for ICAM-1 in neutrophil adhesion! Given these data,

one has to question the validity of the assay used here. There is strong evidence in literature that ICAM-

1 and ICAM-2 function in neutrophil adhesion to cytokine or LPS activated EC in vitro or in vivo. Authors

did cite three refs. for this, but ignore the more accepted references that supporting ICAM-1 functions in

neutrophil adhesion and arrest on EC via binding LFA-1Mac-1 integrins on neutrophils. See these refs

and refs within these publications (Smith CW. J Clin. Invest. 1989, 83:2008-2017; J. Immunol. 1999,

163:5029-5038; Blood 2006, 107:4721; Blood 2009, 113:6246; Blood 2005, 106:584;). This lessens my

enthusiasm for this report.

We agree with the reviewer that a prominent role for ICAM-1 in leukocyte adhesion and TEM has 

been widely described. And, to our surprise, when we depleted ICAM-1 from endothelial cells 

using CRISP9/Cas technology, the inhibitory effects on TEM were limited. However, it was not 

our intention to state that there is no supportive role for ICAM-1 in TEM. It might very well be that 

when ICAM-1 is not available, leukocytes and in particular neutrophils (because of their 

repertoire of integrins LFA-1 and Mac-1) find other ways to firmly adhere to the endothelium. One 

of those potential backup systems might be ICAM-2. Indeed, when we depleted ICAM-1 and -2, 

we found a significant reduction in the number of neutrophils that crossed the endothelium. 

Interestingly, when we block beta2 integrins (i.e., both LFA-1 and Mac-1) on the neutrophils, we 

do block adhesion to the endothelium. Also, when using neutrophils from Leukocyte-Adhesion 

Deficiency (LAD)-patients, (these neutrophils show impaired beta2 integrin function), hardly any 

neutrophil would adhere to the inflamed endothelium. We have added these data for the reviewer 

(R1_Figure 1). In addition, it has been reported that LAD-1 deficiencies lead to higher circulating 

neutrophil numbers compared to ICAM-1 KO ECs (Xu et al., 1994, Journal of Exp. Med.) Thus, 

these experiments and previous studies indicate that the beta2 integrins are more crucial for 

adhesion than ICAM-1 alone. Nevertheless, ICAM-1 has a strong supportive role in leukocyte 

adhesion and TEM. 

14th Sep 20221st Authors' Response to Reviewers
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R1_Figure 1. Transmigration 

assay under flow conditions using 

wt and LAD1 neutrophils. A. Left 

panels to show endothelial 

monolayers after overnight TNFα 

treatment. Bar, 100 µm. B. Right 

graphs show quantification of the 

number of adherent neutrophils 

per field of view after 15 minutes 

of flow (upper graph), and a 

relative number of neutrophils 

that adhere to an endothelial 

monolayer in percentage (lower 

graph). The experiment is done 

three times independently of 

each other.  

 

 

 

 

The papers referred to by the reviewer cover in particular the role of the integrins LFA-1 and Mac-

1, the receptors for ICAM-1. Data from Smith CW et al., 1989, and the publication in 1999 in J 

Immunol show the dependence of the adhesion and TEM of leukocytes on LFA-1 and Mac-1 in 

this respect. Issekutz et al (1999, Journal of Leukocyte Biology) demonstrated that blocking LFA-

1 and Mac-1 caused significant decreases in neutrophil adhesion, whereas ICAM-1 blocking by 

itself did not cause a significant decrease. In accordance with our data, they only observed 

significant adhesion defects when both ICAM-1 and ICAM-2 on the endothelium were blocked 

simultaneously. 

The paper in Blood, 2006, from the Nourshargh lab, shows that ICAM-2 plays an important role 

in TEM in mouse models. The 2009 paper from the same lab shows that other adhesion 

molecules such as JAM-A and PECAM-1 play a supporting role, next to ICAM-2. In fact, they 

demonstrate that analysis of the site of arrest of neutrophils in inflamed tissues from ICAM-2(-/-

), JAM-A(-/-), and PECAM-1(-/-) mice indicate that these molecules act in sequence to mediate 

transmigration. 

The 2005 Blood paper from the Luscinskas lab shows that overexpression of ICAM-1 triggers 

transcellular migration. We have confirmed these data, also for T-cells, and recently published 

these data (Schoppmeyer et al, Cell Reports, 2022). Interestingly, they show that when ICAM-1 

was overexpressed in TNFα-treated endothelium, no additional TEM was detected compared to 

4 hours of control TNFα-treated endothelium. Only after 24 hours TNFα treatment, a clear 

increase in the number of neutrophils that transmigrated was detected. These data show that 

the role of ICAM-1 as the sole determinant of leukocyte adhesion is limited.  

Nevertheless, we do agree with the reviewer that we should highlight these studies in the 

discussion section. 

Regarding T-cells, we have also perfused CD8+ T-cells over ICAM-1 and/or ICAM-2 KO 

endothelial cells, as it was reported that T-cells do depend on ICAM-1 (Steiner et al., J Immunol 

2010; Lyck et al., Blood, 2003). Here we did find a significant decrease in adhesion when 

knocking out only ICAM-1. We have added these data for the reviewer (R1_Figure 2). For our 

report, we focussed on neutrophils, but these data could indicate that the role of ICAM-1 in total 

adhesion numbers might be more prominent for the T-cell population. Interestingly, we also 

found that the diapedesis efficacy of CD8+ T-cells was reduced in ICAM-1 KO conditions, further 

supporting the hypothesis of different roles of ICAM-1 for different leukocyte subsets. 
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R1_Figure 2. Transmigration of CD8+ T cells across the 

endothelium. The left graph represents T-cell adhesion to 

endothelial cells that had an ICAM-1 KO, ICAM-2 KO, 

double KO or were left untreated (Control). The right 

graph shows diapedesis efficiency across ECs as 

described above.   

 

 

 

 

2. Authors propose (Fig 4) that presence of ICAM-1 in EC prevents loss of barrier neutrophil in vitro 

using a transwell and no-flow (static) permeability assay. These data are not convincing for multiple 

reasons. A missing data set is demonstration that neutrophils form aggregates and TEM hotspots under 

static conditions in such assays. Specifically, the methods section (page 21) indicates a chemoattractant 

C5a and 24 hr TNF-alpha treated endothelium, which is distinctly different from flow study methods 

using throughout report. See comment 6 below. Finally, TNF-alpha treatment of EC in vitro for 24 hr is 

known to induce significant leakage in HUVEC yet Authors do not observed any leakage in Fig 5 (Ref 

for TNF induced perm change by ECIS using BAEC but similar findings in HUVEC Am J Physiol Lung 

Cell Mol Physiol. 2001 Jun;280(6):L1168-78). 

The reviewer raises a good point regarding the lack of proof of the presence of hotspots in our 

static leakage Transwell assay. Unfortunately, it is not possible to perform microscopy 

experiments using the Transwell plates. To show that hotspots do exist in a Transwell setup and 

in the absence of flow, we seeded endothelial cells that were deficient for ICAM-1 or wt on a 2D 

coverslip that had the same diameter as the 24-wells Transwell insert. We then added the same 

number of neutrophils as we would add to the Transwell assay and took microscopy images 

after 5 minutes of incubation, enough for adhesion to occur. In static conditions without a 

chemoattractant below the endothelial monolayer, we were able to demonstrate the formation of 

neutrophil adhesion hotspots on control BOECs, which was absent on ICAM-1 KO BOECs under 

static conditions. We concluded that flow is not necessary to induce ICAM-1-mediated hotspots. 

We have added this new data set to the manuscript as Figure EV3.  

We agree with the reviewer that TNFα reduces endothelial resistance in a timely manner. We 

underscore these findings. The reduction in resistance measured in the paper by Petrache and 

co-workers (Am J Physiol Lung Cell Mol Physiol, 2001) showed that 10 ng/mL TNFα, which was 

used in our experiments, leads to a reduction between 10-20% after 16 hours of treatment, after 

which a new plateau is reached. We wish to stress that we performed our experiments after 20 

hours of TNFα treatment, i.e., once a plateau was reached, and any increases in leakage were 

measured from that time point on. It is important to state this, therefore, we have added this 

comment to our revised manuscript in the Method section. 

Previous data from our lab (Heemskerk et al, Nat Comm, 2014, figure S1C), and other labs (Braun 

et al., Blood, 2020; Wessel et al., Nat Immunol 2014; Petri et al., Blood, 2011; Zeng et al., Am J 

Physiol-Heart and Circ Physiol, 2002; Baluk et al., Am J Pathol 1998) show that neutrophil TEM 

by itself does not reduce resistance under control conditions. We have extended the number of 

references on this topic in the discussion section. 

Other Comments: 

3. Sites of TEM could differentially impact permeability. Do the neutrophils use the paracellular 

(junctional) or non-junctional routes of TEM in these assays? This is physiologically relevant because 

different routes of TEM (junction vs non-junctional) may differentially impact barrier function. Older 

literature found that longer times of TNF treatment led to greater amounts of ICAM-1 and a significant 

increase in non-junctional TEM. Did Authors observe non-junctional TEM at hot spots? 
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We agree with the reviewer that paracellular and transcellular TEM could potentially impact 

permeability in different ways. To answer the reviewers’ questions, we share some yet 

unpublished data from our lab showing that neutrophils almost exclusively take the paracellular 

route in our in vitro flow assay. We tested 4, 20, and 24 hours of TNFα incubation, and found 

hardly any transcellular TEM events under these conditions. These data contrast with other 

leukocyte subsets, as monocytes, and CD4+ and CD8+ T-cells did have very substantial 

percentages of transcellular TEM events. These data are added for the reviewer (R1_Figure 3)

[Figure for referees not shown.] . 

4. Authors ignore other possible contributors to neutrophil TEM hotspots: E-selectin is inducible in

parallel with ICAM-1, and E-selectin assists in activating neutrophil LFA-1 integrins to bind ICAM-1 and

mediate arrest and adhesion/migration to TEM sites. Authors focus on ICAM-1 but clearly other

molecules play important roles. Including the surface expression/distribution of E-selectin in these TEM

assay models would be important. Likewise prior reports found that intracellular pools/locations of

chemokines play crucial roles in driving leukocyte TEM in vivo and in vitro (doi:

10.1016/j.immuni.2018.09.018; doi: 10.1038/ni.2173).

We thank the reviewer for highlighting this important point. We agree that including data about 

E-selectin strengthens the paper. Therefore, we went back to the bench and performed a new set

of experiments to study the role of E-selectin in hotspot formation. Using fluorescent

microscopy, we show that also E-selectin shows a heterogeneous distribution over the

endothelial monolayer. However, E-selectin does not co-localize with ICAM-1 and its

heterogeneity does not correlate with that of ICAM-1. These new data were added to the revised

manuscript to Figure 2 and S2. In addition, we show that E-selectin localization does not mark

hotspots areas (new data to Figure 3). We think this could be explained by the fact that ICAM-1

and E-selectin play a role during different stages of TEM, and that these stages, the firm adhesion

and rolling steps respectively, usually not take place at the same endothelial cell. We have

adjusted the text in the revised manuscript as well. To further explore the relevance of E-selectin

heterogeneity would be very interesting but is outside of the scope of this paper.

We are familiar with the work on chemokine deposits in TEM, and we agree it would be very 

interesting to study differences in chemokine presentation on a single-cell level. Our previous 

study shows that ACKR1 is present at so-called junction membrane protrusions, in line with the 

work by Girbl and colleagues (Immunity, 2018, cited by reviewer). This indicates that indeed 

chemokines may also play a role in the determination of hotspots (Figure 3E from Arts et al., 

eLife, 2021). We have extended our discussion with a paragraph on the potential role of 

chemokine sin hotspot formation. We also included the 2 papers that were cited by the reviewer. 

5. Figure 2 and Sfig 2. Please address the following comment in Discussion: One possible explanation

for heterogeneity of ICAM-1 or VCAM-1expression is that your HUVEC cultures were prepared from

multiple umbilical cords, often up to 20+ or more at commercial suppliers of HUVEC. Do you see the

same heterogeneity in a culture from a single cord donor?
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Indeed, a possible explanation for the observed ICAM-1 heterogeneity could be donor variability 

within our HUVECs. We stained our BOECs, which have been grown from a single donated 

umbilical cord, for ICAM-1 and we do observe ICAM-1 heterogeneity here too (R1_Figure 4). 

Additionally, we see ICAM-1 heterogeneity in our ex vivo patient samples. We have addressed 

this issue with an extra comment in the discussion section.  

R1_Figure 4. Endothelial cells cultured from umbilical cord blood from a single donor 
show a heterogeneous expression of ICAM-1 in green. Nuclei are stained in blue.  

6. Figure legend 1 and page 6 Results. Include length of time that EC were treated with TNF-alpha.

Longer times of treatment (> 24h) vs shorter treatment times (4 - 6 h) leads to greater amounts of surface

ICAM-1. It is more physiological that using transfection and CRISPR editing

We apologize for not including TNFα incubation times more clearly in our figure supplements. 

We have added this to the revised manuscript.   

7. Fig S2 Images of discarded human surgical tissue stained for ICAM-1/PECAM-1 should include

quantification.

We agree; a quantification would strengthen the point that we also observe heterogeneity in 

our patient samples. We performed manual quantification of all clearly distinguishable ECs in 

our images and added a graph displaying the heterogeneity of ICAM-1 expression in our ex 

vivo samples to Figure 3E and S2H. 

Minor. 

Ref 8 is incomplete? 

Line 273, mislabeled (Fig 7A-B)? 

Line 326, misspelled recognition. 

We thank the reviewer for catching these mistakes and we have corrected them in the 

manuscript. 
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We thank reviewer 2 for his/her thoughtful comments. We have addressed all the comments to 

the best of our ability in a point-by-point reply, listed below. 

Referee #2: 

The manuscript by Grönloh et al. analyzes the role of ICAM-1 in recognizing TEM hotspots for 

migrating neutrophils under inflammatory conditions and assess the significance of these hotspots in 

limiting endothelial permeability during neutrophil extravasation. Using a combination of approaches, 

including Crispr/Cas9, ICAM-1 mutants, photo-convertible probe 36 mEos4b, and confocal and time 

lapse microscopy, neutrophil transmigration and endothelial permeability assays, data are presented 

to reveal the existence of neutrophil TEM hotspots in the endothelial monolayer that are regulated by 

ICAM-1 heterogeneity to limit vascular leakage during neutrophil extravasation. Evidence is also 

presented to show that the first 3 extracellular Ig-like domains of ICAM-1 are required whereas the 

intracellular tail of ICAM-1 is dispensable for hotspot recognition. 

Although these findings are new and potentially interesting, the consideration of following points would 

further enhance the manuscript: 

1. Increased ICAM-1 expression either by treatment with TNF or transfection of ICAM-1 cDNA each

induces TEM hotspots. However, these experiments don't distinguish the additional effects of TNF (in

addition to increasing the levels of ICAM-1) on ICAM-1 (confirmational changes or post-translational

modifications) that may also contribute to ICAM-1-dependent TEM hotspots. It would be interesting to

re-express ICAM-1 in ICAM-1 KO endothelial cells and treat them with or without TNF and monitor

ICAM-1 heterogeneity and TEM hotspots to see if these effects are more pronounced in TNF-treated

cells.

We thank the reviewer for this interesting point. We went back to the bench and performed the 

experiment suggested by the reviewer. We re-expressed ICAM-1-GFP in the ICAM-1 KO 

endothelial cells, treated those with and without TNFα and performed flow experiments with 

primary human neutrophils. The data show that neutrophils hardly adhered to ECs that were not 

treated with TNFα, despite the presence of exogenous ICAM-1. We have added these new data 

to the manuscript as Figure S4. These data underscore a previous report by Shulman and 

colleagues, who showed that overexpressing ICAM-1 in unstimulated HUVECs is not enough to 

allow T cell TEM (Shulman et al., Nat Immunol, 2012). Only when they co-expressed CCR2, T-cell 

TEM was rescued in uninflamed ECs.  

The reviewer makes an interesting point regarding the potential effect of TNFα on post-

translational modifications and conformational changes. Indeed, several ICAM-1 isoforms exist, 

but to our knowledge, it is still ill-defined as to how different stimuli affect the expression of each 

ICAM-1 isoform (Singh et al., Immunol Lett, 2021). Interestingly, after TNFα treatment, two ICAM-

1 bands can be detected with Western blotting: a fully processed form and a hypo-glycosylated 

high-mannose form, which have been suggested to function in a different way than the full-

length ICAM-1 does (Scott et al., Am J Physiol Cell Physiol. 2013). Checking whether these two 

variants could have different effects on hotspots would be interesting but are outside the scope 

of this paper. Nevertheless, we added this idea to the discussion section of the revised Ms.  

2. Inclusion of an experiment in which extracellular domain of ICAM-2 or VCAM-1 is replaced with that

of ICAM-1 (containing all five Ig-like domains or just first 3 domains) would not only strengthen the claim

that ICAM-1 extracellular domain is not only sufficient but can render VCAM-1 or ICAM-2 capable of

regulating TEM hotspots and limiting vascular permeability during neutrophil TEM.
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We understand the point raised by the reviewer. We have extended our studies with other ICAM-

1 extracellular domain mutants, i.e., we performed leakage experiments with ICAM-1 mutants 

that lacked only the first or third domain, to investigate the extracellular domains of ICAM-1 

further. These leakage experiments proved very interesting, as we observed that even though 

the single domain truncations reduce preferential adhesion significantly individually (Figure 6A), 

the presence of either the first or the third domain is enough to prevent leakage (Figure 6C). 

However, we did not swap the entire extracellular domains of VCAM-1 or ICAM-2 with ICAM-1. 

One reason is that we already showed that ICAM-1 without any intracellular tail is enough for 

hotspot formation (Figure 6A). While we agree that creating such a chimeric mutant would be an 

elegant method to show that the extracellular domains of ICAM-1, when combined with VCAM-1 

or ICAM-2 intracellular tails, could rescue hotspot formation, we also think our current data 

already proves this point. 

3. It would be interesting to determine how endothelial permeability during TEM is affected when

neutrophils treated with blocking anti-LFA-1 or anti-Mac-1 antibody alone and in combination are used.

We agree with the reviewer it would be interesting to study the role of the ICAM-1 ligands, LFA-

1 and Mac-1, for the hotspot formation and subsequent leakage during TEM in our system. We 

indeed did very similar experiments to the ones suggested here in which we used neutrophils 

from LAD-1 (leukocyte adhesion deficiency) patients. These patients have a defect CD18 integrin 

and therefore a non-functioning LFA-1 and Mac-1. We have added a figure for the reviewer 

(R2_Figure 1, same as Figure R1_Figure 1), where we show that these cells hardly adhere to 

TNFα-treated endothelial cells under flow conditions.  

We concluded that functional beta2 integrins are crucial in the adhesion of the neutrophils to the 

endothelium. In contrast to the endothelial ligands of these integrins: there are several 

alternatives for ICAM-1 and ICAM-2, e.g., PECAM-1 or JAM-A to bind to. As we did not observe 

any adhesion, no hotspots were detected and we expect to have little if any, diapedesis events 

to do a proper Transwell leakage assay.  

R2_Figure 1. Transmigration 

assay under flow conditions 

using wt and LAD1 

neutrophils. A. Left panels to 

show endothelial monolayers 

after overnight TNFa 

treatment. Bar, 100 µm. B. 

Right graphs show 

quantification of the number 

of adherent neutrophils per 

field of view after 15 minutes 

of flow (upper graph), and a 

relative number of neutrophils 

that adhere to an endothelial 

monolayer in percentage 

(lower graph). The 

experiment is done three 

times independently of each 

other. 

4. Experiments in Fig. 6C lacks data with ICAM-1 mutant lacking Ig-like domain 1 or 3 as controls.

We went back to the bench, generated the required mutants, and performed the leakage 

experiments with the Transwell system. These new data sets are added to the revised manuscript 

to Figures 6B and 6C. 
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5. The labels in Fig. 2A are barely legible.

We agree with the reviewer and have increased the text size to make the text more legible. 
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We thank reviewer 3 for his/her thoughtful comments. We have addressed all the comments to 

the best of our ability in a point-by-point reply, listed below. 

Referee #3: 

The manuscript by Grönloh and colleagues makes the argument that heterogeneous ICAM-1 

expression on HUVEC or blood outgrowth ECs creates hotspots for PMN transmigration, and that in 

this configuration, TEM of neutrophils is not associated with an increase in dextran permeability, either 

during or after TEM. This study nicely quantifies many aspects of ICAM-1 and -2 dependent binding, 

crawling, and subsequent TEM of purified human neutrophils on human EC monolayers in vitro. The 

imaging methods and quantitative algorithms used have provided very interesting and novel data. 

There are a few minor details that need clarification. From my perspective, putting this data into the 

ICAM-1 and PECAM-1 dependent TEM literature, which generally has focused on signaling of TEM, 

without assessing permeability, requires a bit more integration and discussion. 

Specific Comments: 

1. The study makes the interesting observation that ICAM-1/2 hotspots promote TEM which somehow 
avoids a simultaneous increase in permeability to dextran (ie., paracellular permeability). So where are 
these hotspots in the monolayer? Are they near "tricellular junctions", for example? These have been 
referred to as the preferred sites of TEM, but with little documentation as to why, and thus addressing 
this old concept with new data seems relevant here. It would be interesting if results of the current study 
could clarify the location of hotspots relative to cell-cell junctions, especially PECAM staining, which I 
presume is required for TEM in the studies presented.

We agree with the reviewer that it would be interesting to not only focus on adhesion molecules 

but also take junction regions into account. It is known that upon adhesion, neutrophils typically 

spread out and start crawling towards a junction to transmigrate. On average, they take the first 

junction they encounter, which is always very near the initial adhesion spot. We previously 

reported on this phenomenon and showed that 85-90% of neutrophils undergo diapedesis at the 

first junction they encounter (Arts et al., eLife, 2021). Moreover, we have quantified the type of 

junction that is preferred by the neutrophil, discriminating between bi-, tri, and multi-cellular 

junctions. We have added this data set for the reviewer below (R3_Figure 1)[Figure for referees 
not shown.] . We have added a paragraph in the discussion section on this phenomenon, in 

particular on the possible existence of a second ‘hotspot’ after the initial hotspot we describe, 

in which neutrophils perhaps prefer certain types of junctional architecture for the diapedesis 

step of the TEM cascade.  

To study if neutrophils prefer certain junctions, in particular with regards to PECAM-1 and VE-

cadherin, we have performed photoconversion experiments for VE-cadherin and PECAM-1 and 

found that neutrophils preferred areas with a broader PECAM-1 stain. These data are part of 

another study, but we have included these data for the reviewer in R3_Figure 2 [Figure for 
referees not shown.] . From these data, 
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we conclude that neutrophils prefer junctions where more PECAM-1 is present or at least 

PECAM-1 is more broadly present across the junction, to cross the endothelial monolayer. Such 

differences were not observed for VE-cadherin. 

2. Does EC ICAM-1 staining on individual cells change when the monolayer becomes confluent? Ie., Is

formation of the "hotspots" driven by the patterning of the monolayer (e.g., associated with tricellular or

other configuration?), or is it in inherent in the individual EC?

This is an interesting point raised by the reviewer. We went back to the bench and perform the 

suggested experiment and compared ICAM-1 heterogeneity of a confluent monolayer with ECs 

that were inflamed, fixed, and stained before a confluent monolayer was formed. Comparing 

confluent and sub-confluent ECs, we found no differences in heterogeneity, suggesting that 

there is at least some sort of inherent ICAM-1 expression level per individual endothelial cell. 

These new data were added to Figure S2.  

3. Alternatively, or perhaps in addition, are the hotspots concentrated on individual cells such that

"activation" of ICAM-1 can then drive mobilization of caveolae clusters to facilitate transmigration via a

transcellular route or promote PECAM-1 membrane localization from the Lateral Border Recycling

Compartment for binding and transmigration of neutrophils via the paracellular route. It was shown

previously that ICAM-1 clustering induces NO and Src signaling that lead to ICAM-1, PECAM-1 and

Cav1 phosphorylation. Some discussion on whether hotspots represent or give rise to clustered ICAM-

1 that upon binding to PMN will promote their TEM via signaling that controls the transcellular or

paracellular route. It was unexpected to this reviewer that the C-terminus of ICAM-1 would not be

required for PMN TEM. Is this controversial ? Seems some discussion related to the role of the C-term

ITAM motif on both ICAM-1 and 2 is warranted as this relates to the ability of TNF to not only increase

ICAM-1 expression, but also the increase in phosphorylation-dependent binding avidity to enhance PMN

binding and TEM.

We thank the reviewer for bringing this up. Indeed, we were surprised as well that the C-terminus 

of ICAM-1 did not play a role in the formation of hotspots. Clearly, the hotspot formation was at 

least in part mediated by the adhesion capacity of ICAM-1, not so much the signaling properties 

of ICAM-1. It was shown by previous studies, including ours, that ICAM-1 lacking the intracellular 

tail could still mediate adhesion, although indeed fewer neutrophils ended up below the 

endothelial monolayer in our Transwell experiments (Figure EV5). As earlier studies showed that 

removing the whole cytoplasmic domain, or specifically the RKIKK motif from the intracellular 

tail of ICAM-1 still maintains adhesion of leukocytes (Lyck et al., 2003, Blood; Oh et al., 2007, 

MBOC), but significantly decreases transmigration, we conclude that adhesion and hotspot 

recognition still work properly without the intracellular domain, but that probably the diapedesis 

step may be less efficient. 

We show here that indeed, adhesion is intact and this in fact mediates hotspot formation. On 

average, we found that neutrophils crossed the endothelium at the first junction they encounter 



11 

(see data above, R3_Figure 1A). This indicates that the intrinsic capacity of an endothelial cell 

to display a hotspot lies within the same endothelial cell. We have elaborated on these interesting 

hypotheses in the discussion section and included important papers that refer to the intracellular 

tail of ICAM-1 (Lyck et al., 2003, Blood; Oh et al., 2007, MBOC). 

Indeed, as the reviewer suggests, the “activation” of ICAM-1 by increasing the concentration of 

the protein at sites of TEM may trigger the final diapedesis steps, and our data show that there 

is indeed a preference for enriched PECAM-1 expression, or at least “wide” PECAM-1 staining 

at junction regions. This may indicate a role for the LBRC, although we have not thoroughly 

studied this. Also, a role for caveolae cannot be excluded, as Millan and colleagues showed that 

enriched ICAM-1 regions supported transcellular migration through caveolae-rich areas, 

although we need to take into account that this study covered T-cell migration and not 

neutrophils (Millan et al., Nat Cell Biol, 2005). Also, in our flow model, it seems that neutrophil 

transcellular diapedesis on HUVECs is extremely rare, in contrast to monocytes and T cells 

(Figure R3_Figure 3)[Figure for referees not shown.] . Nevertheless, we believe these are interesting 

ideas that deserve to be discussed and therefore are included in the discussion section of the 

revised manuscript. 

4. As there was no ICAM-1 KO effect on PMN TEM, is it your conclusion that TEM depends on PECAM-

1 at cell-cell junctions? If so, what are CAMs are these PMN initially adhering to on the surface? ICAM-

2 for sure. DKO of ICAM-1/2 did reduce TEM by 50%, but what other CAMs are participating in firm

adhesion of PMN?

We show that there was some degree of inhibition of neutrophil TEM across ICAM-1 KO ECs, but 

this was not a clear decrease. Indeed, as the reviewer already points out, only when both ICAM-

1 and -2 were depleted, significant inhibition of neutrophil TEM was measured. Other studies 

also show that depletion of ICAM-1 leads to only marginal inhibition of neutrophil TEM (Slingh 

et al., PNAS, 1993). 

For T-cells, it was demonstrated that ICAM-1 deficiency leads to a drop in TEM (Lyck et al., Blood, 

2003). We could confirm that (see R3_Figure 4, same figure as R1_Figure 1). So, it became clear 

that neutrophils can cross the EC independently from ICAM-1. We suggest that JAM-A or, as the 

reviewer already suggests, PECAM-1 may be among the candidates here. We have extrapolated 

this hypothesis in the discussion section of the revised Ms.  
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R3_Figure 4. Transmigration of CD8+ T cells across the 

endothelium. The left graph represents T-cell adhesion to 

endothelial cells that had an ICAM-1 KO, ICAM-2 KO, double KO 

or were left untreated (Control). The right graph shows diapedesis 

efficiency across ECs as described above.   

 

 

5. Images of ICAM-1 and PECAM-1 in human microvessels do not seem to add anything or make a 

strong case in support of the in vitro studies. Also, what is the purpose of showing the vessel on a chip 

staining? This also does not seem to add information. 

To add more significance to the in vivo data, we have quantified ICAM-1 heterogeneity and added 

it to the manuscript in Figure 2. For the vessel-on-a-chip images, it was our intention to show 

that ICAM-1 based EC heterogeneity was not only present in in vitro cultured but also in chip-

related cultures, i.e., in a more physiologically relevant environment, comparing the 3D vs 2D 

difference with the more relevant substrate (a collagen matrix vs FN-coated plastics). Due to the 

inclusion of even more relevant new data, we have decided to move the vessel-on-a-chip to the 

supplemental figures. 

6. The following sentence on pg 17 related to the method of neutrophil counting is confusing: 

"Only spots with a quality higher than 80 were filtered to ensure only neutrophils were counted." 

Where does this quality number come from? 

We apologize for the unclear explanation regarding our data analysis pipeline. We have 

rephrased this part of the methods section. The quality threshold in the spot analysis pipeline 

was manually set to discriminate neutrophils from the background. 

7. Monolayer permeability assessed by accumulation of 70kDa TR-dextran below the filter insert will 

reflect changes in junctional integrity based on molecule size and disruption of adherens or tight 

junctions (paracellular pathway). Considering ICAM-1 activation via PMNs or antibody crosslinking can 

stimulate Src and trafficking of caveolae by promoting Cav1 phosphorylation, it would perhaps be more 

interesting and for sure more physiological to assess Au-albumin permeability by transmission EM as a 

function of PMN TEM, and to relate this to paracellular vs transcellular transport of albumin. 

For our permeability assays, we have used 70kDa Dextran polymers. We choose this polymer 

size as this is the size of albumin, indeed, as the reviewer referred to, one of the most abundant 

proteins in the plasma. In addition, to that, with neutrophil TEM, most of these cells cross the 

endothelium in a paracellular manner, i.e., through the cell-cell junctions. Even when we 

overexpress ICAM-1, we do this in an ICAM-1 KO background, thereby not necessarily increasing 

ICAM-1 expression levels and inducing transcellular migration. (Increased ICAM-1 level may lead 

to more transcellular migration; Yang et al., Blood, 2005). Therefore, we do not expect the 

transcellular pathway to be activated in our system. 

 

8. A conclusion of this study could be that heterogeneous ICAM-1 expression prevents activated PMN 

from increasing monolayer permeability to macromolecules. Is there evidence for this in the ICAM-1-/- 

mouse? i.e., Do activated PMN increase endothelial permeability to a greater extent in absence of ICAM-

1 expression? 

The reviewer brings up an interesting point. Earlier work looking at the ICAM-1 KO mouse model 

showed only a limited reduction in neutrophil TEM, but no data on permeability can be found 

(Slingh et al., PNAS, 1993). Work from the Engelhardt group using ICAM-1 KO mice did not report 

increased permeability during TEM (Steiner et al., J Immunol, 2010; Lyck et al., Blood, 2003). In 

the Steiner et al paper they show that ICAM-1 KO does not alter vascular permeability of the 
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blood-brain barrier endothelium. In addition, it needs to be noted that they used specific brain 

models to study the blood-brain barrier and specifically focused on T-cell TEM. To be able to 

compare the data from our study, one should look at neutrophil TEM tissues like the cremaster 

or peritoneum. We have included this information in the discussion section of the revised 

manuscript. 
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similar to the one in the acknowledgement section of the manuscript text file. Presently, the Landsteiner Foundation for Blood
Transfusion Research (LSBR) 1649 and 1820 have been entered into the submission system but are not mentioned in the
manuscript text file.

- Please make sure that the number "n" for how many independent experiments were performed, their nature (biological versus
technical replicates), the bars and error bars (e.g. SEM, SD) and the test used to calculate p-values is indicated in the respective
figure legends (main, EV and Appendix figures), and that statistical testing has been done where applicable. Please avoid
phrases like 'independent experiment', but clearly state if these were biological or technical replicates. Please add complete
statistical testing to all diagrams (main, EV and Appendix figures). Please also indicate (e.g. with n.s.) if testing was performed,
but the differences are not significant. In case n=2, please show the data as separate datapoints without error bars and
statistics.

- We updated our journal's competing interests policy in January 2022 and request authors to consider both actual and
perceived competing interests. Please review the policy https://www.embopress.org/competing-interests and update your
competing interests if necessary. Please name this section 'Disclosure and Competing Interests Statement' and put it after the
Acknowledgements section.

- Please order the manuscript sections like this, using these names:
Title page - Abstract - Key Words - Introduction - Results - Discussion - Materials and Methods - Data availability section -
Acknowledgements - Author contributions - Disclosure and Competing Interests Statement - References - Figure legends -
Expanded View Figure legends
- Please also note our reference format (10 authors et al.):
http://www.embopress.org/page/journal/14693178/authorguide#referencesformat

- Please name the EV figures "Figure EVx" in the Expanded View Figure legends.

- Please callout the Appendix figures using the nomenclature "Appendix Figure Sx".

- Appendix Figs. S5, S6 and S8 only have one panel. Please remove the "A" from the figure, the legend and from the respective
callouts in the manuscript text.
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Achim Breiling
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-------------
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