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REVIEWER COMMENTS

Reviewer #1 (Remarks to the Author):

Heterogeneity of neutrophils, and the separation of neutrophils in distinct subsets, is a 

fascinating new concept in innate immunity although as of yet there is lack of clear 

consensus re how to properly identify and define different subsets. Multiple different 

‘types’ of neutrophils have been described in recent years, but as far as I am aware only two 

truly distinct subtype markers (that are either on or off independent of maturity/maturation 

stage), CD177 and OLFM4. In contrast to such bona fide subset markers, CXCR4 is a marker 

that may be induced in all (?) neutrophils. The manuscript describes the abundance of 

CXCR5hi neutrophils in psoriasis and claim that these cells are equipped with some peculiar 

features (e.g., hyperactivated glycolysis) that drive skin inflammation in this disease. The 

underlying observation, that psoriasis patients have an abundance of non-standard 

neutrophils CXCR4hi, but also high in a variety of additional markers) in circulation, is 

exciting. However, the presented data fail to convince that a) CXCR4 per se is of importance 

or even a suitable marker, and b) that the CXCR4hi cells are truly distinct functionally. 

Specific comments: 

1) The isolation procedure on which much data rely is problematic and insufficiently 

described (as is unfortunately a lot of the experimental details). Flow cytometry data on the 

isolated (by CXCR4-magnetic beads) subtypes is completely lacking, as is information on 

purity of isolated cells. Are the isolated CXCR4hi cells used for functional analyses still bound 

to the antibody-magnetic bead? If so, this fact alone could well explain at least some of the 

increased activation seen in this subtype. Antibody-bead isolation is likely perfectly fine for 

analyzing cell content, but not for functional studies of viable cells. More specifically: 

• Is the cut-off (re CXCR4) consistent with the gates shown in other data sets (e.g., Fig. 1)? 

• Are there any non-neutrophil contaminants (enriched in either of the fractions)? 

• Why was this isolation method not used for the bulk RNAseq (explained in suppl fig. 3)? 

2) CXCR4 cannot be key to the various effects seen by psoriasis CXCR4hi neutrophils. The 

pronounced difference in effect by Pso CXCR4hi and HC CXCR4hi cells clearly demonstrates 

that there is something else going on in the former. For example, >10x more genes are 



upregulated in CXCR4hi vs CXCR4lo neutrophils from psoriasis patients, as compared to the 

situation in HC. There are multiple markers (and effects) shown that does not follow CXCR4 

expression. Focusing on CXCR4 as the pivotal player is misleading since, according to the 

data presented, the subset might as well be described as CREB1hi, CD101hi, or CD10hi, 

especially the latter seems almost an ON/OFF marker (suppl fig. 2). Especially for CD10, an 

isotype control should be shown –are the CXCR4lo samples (suppl fig 2a) in fact CD10-? If so, 

they might be regarded as immature, making the situation even more complex to dechipher 

(since they would be overrepresented in HC blood). 

3) CXCR4 is a chemokine receptor, heavily expressed by various lymphocytes, but also on 

the surface of some, presumably aged and/or activated neutrophils. Most neutrophil 

receptors, the surface expression of which can be substantially increased, are stored within 

mobilizable granules and does not require de novo transcription/protein synthesis in order 

to be upregulated. I lack information on the mechanism underlying CXCR4 upregulation: 

• is it stored inside granules in CXCR4lo cells? 

• Is de novo protein synthesis required? 

• What is the kinetic of CXCR4 upregulation (the shortest time shown is 2 hrs) and would is 

this limited time sufficient for the gene and protein to be expressed? 

4) Although mentioned in the introduction, the possible impact of LDNs to the results is 

neither addressed nor discussed. LDNs (it is not unlikely that they are rather abundant in 

psoriasis patients) would be present in all experiments using whole blood, but not in the 

experiments using isolated neutrophils. This could be of significant importance. 

5) The authors previously described neutrophil MMP-9 to the culprit behind cutaneous 

vasodilation and hyperpermeability in psoriasis (PMID: 32888954). In the current 

manuscript they instead state that lactate is critical. These two apparently disparate findings 

needs to be reconciled or at least discussed. 

Minor comments: 

• The use of pharmacological inhibitors is risky without all proper controls to demonstrate 

that their actions are indeed specific. Especially so re in vivo experiments where active 



doses of inhibitors are hard to predict/specify. There are no control experiments shown (or 

mentioned) that e.g., KG-501 does not inhibit non-CREB1 mediated responses. 

• Why is CXCR4 not internalized (resulting in lower surface expression) in cells treated with 

CXCL12? 

• Nuclear/cellular morphology and NETs results would be much strengthened by proper 

quantification 

• How were murine neutrophils isolated from blood? 

• Viability assays (Fig. 2C) would be much more informative if an early cell death/apoptosis 

marker was also included. 

• Statistical calculations based on n=3 are not meaningful 

• The IMQ model of psoriasis was shown to be rather completely dependent on IL17/il23 

(PMID: 19380832). In order to convincingly claim that CXCR4/CXCL12 is as critical, ko mice 

should be used. 

• Circadian rhythm have been earlier shown to affect CXCR4 expression, i.e., aging in the 

blood. Were all blood samples collected at a similar time of the day? When? 

Reviewer #2 (Remarks to the Author):

Chen, Bai, Zhu et al describe proinflammatory CXCR4+ neutrophils in psoriasis as relevant 

immune cells orchestrating skin inflammation. They use state-of-the-art techniques to 

address a relevant question in a cutaneous inflammation and use elegant experiments to 

show that neutrophils up regulate CXCR4 in response to proinflammatory stimuli, are 

recruited to skin via CXCL12 produced by endothelial cells and induce vascular damage by 

lactate. They furthermore describe CREB1 as transcription factor relevant for their pro 

inflammatory phenotype. The relevance of their data from psoriasis patients is corroborated 

with a mouse model for acute psoriasiform inflammation, where inhibition of neutrophils, 

CXCR4 or its ligand reduced inflammation. 

While these observations are of potential interest, the following points need to be 

addressed in a revised manuscript: 

1) Patient details should be described in more detail and, given low patient number, be 

presented for the individual figures as supplements, including age, comorbididies, BMI, and 

disease duration. In general, patient numbers need to be added to the figure legends for the 



individual figures. 

2) In Figure 3, patient numbers for sequencing are too low (n=3 and 4 for healthy controls 

and psoriasis patients, respectively). Also, it should be mentioned if patients with short 

disease duration have another signature compared to chronic psoriatic patients. It could be 

that the reported information on neutrophils is especially important in acute inflammation 

and less so in patients with a long disease duration. 

3) Please show representative FACS dot plots for Fig. 3e. 

4) While it is nicely shown that CXCR4+ neutrophils modulate vascular permeability in 

HMEC-1 cells via the lactate-GPR81 axis, it's relevance in psoriatic skin lesions remains to be 

assessed. Is GPR81 expressed by endothelial cells in psoriatic skin lesions with CXCR4+ 

neutrophils being in close contact? 

5) While the representative picture in Fig 5f shows some p-CREB1/CD15 double positive 

cells, it is hard to make the conclusions from a single picture. Please quantifiy p-CREB1/CD15 

double positive cells in psoriasis and show co-localizationn of pCREB1 and CXCR4 in skin 

lesions similar to blood neutrophils 

Reviewer #3 (Remarks to the Author):

CXCR4 is known as a key modulator of neutrophil trafficking between tissues, peripheral 

blood, and the bone marrow and a subset of neutrophils with high CXCR4 surface 

expression was recently shown to play an important role in inflammation-related lung 

injury. In the current study, Chen and colleagues demonstrate a pro-inflammatory role of 

CXCR4-expressing neutrophils in psoriatic skin inflammation and investigate the underlying 

mechanims that drive this pathological neutrophil phenotype and that promote CXCR4 

expression. The manuscript contains interesting and novel data, e.g. along the connection 

between CXCR4 expression and the transcription factor CREB1, and is a valid improvement 

over current knowledge, strengthening our insight into the plasticity of neutrophils during 

inflammation. 

I have some specific questions and comments that could further improve the manuscript: 

• The figure legends and the text in general need more experimental details to understand 



what is exactly shown and how it clould be interpreted. For example, group sizes (n per 

group) should always be stated. A few specific examples of missing information to follow: 

Fig. 1G: How many samples were tested? 

Fig. 2B: What´s the color scale? Z-score? 

How was NET formation assessed in Fig. 2E? 

Fig. 2H: How many samples were tested? 

Fig. 3A: Should the heading read CXCR4hi vs CXCR4lo? 

Fig. 3B: Are the top most significant genes shown in the heatmap or an arbitrary selection of 

genes? 

Fig. 3C: Can you show normalized enrichment scores for differentially regulated pathways, 

in order to see the direction of the effects? 

• Suppl. Fig. 1C: The authors claim that CD31+ vascular endothelial cells are the main source 

of the CXCR4 ligand CXCL12 in inflamed skin. In Suppl. Fig. 1C it looks like basically all 

CXCL12-expressing cells are CD31 positive. This is a bit surprising, because CXCL12 

expression was also reported in other skin resident cell types such as keratinocytes and 

dermal fibroblasts. Can the authors quantify how many % of CXCL12+ cells are CD31+ and 

how many independent skin samples they actually investigated? 

• The upregulation of surface CXCR4 after CXCL12 exposure is also a bit puzzling, since 

CXCR4, like other chemokine receptors, is internalized following ligand binding and receptor 

activation. Or isn´t it? Can the authors please clarify and discuss? 

• As far as I understood only spontanous ROS production and NET formation was assessed 

in the manuscript, which is known to correspond to neutrophil activation. Were the NETs in 

Suppl. Fig. 2B quantified? Have the authors also looked into induced ROS/NET formation by 

e.g. PMA or calcium ionophore? 

• Chronic inflammation and collateral tissue damage is often considered the dark side of 

immune function essential for defence against pathogens. In line with that, a subpopulation 

of CXCR4HI neutrophils constitute the first line of defence against bacteria by rapidly 

migrating towards invading pathogens and being able to more efficiently phagocytose them 



(PMID 27609642). However, in the current manuscript the authors show that CXCR4HI 

neutrophils have a reduced ability to phagocytose. How can these data be reconciled? 

• The neutrophil survival time in culture seems pretty long (Fig. 2C). After 24h roughly 90% 

of neutrophils are still intact. The authors state themselves that neutrophils have a short 

lifetime and survive less than 24h in vivo in the circulation. 

Minor comments: 

There are a number of typos and small flaws in the text and the figures, e.g. „amplify“ in the 

abstract (line 33), „slightly“ (line 239), „subcutaneously“ (line 257), „occuldin“ throughout 

Fig. 4, „MFI“ and „MIF“ being used for mean fluorescence intensity etc.
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Point by point responses to the Reviewers’ comments 

Response to Reviewers 

We thank the reviewers for these thorough and constructive comments, which have 

enabled us to greatly improve our manuscript. As described below, we have now 

addressed each of the critiques and suggestions from the reviewer. Reviewer’s 

comments are in black font, and our point-by-point responses to these comments are 

shown in blue.

REVIEWER COMMENTS 

Reviewer #1 (Remarks to the Author): 

Heterogeneity of neutrophils, and the separation of neutrophils in distinct subsets, is a 

fascinating new concept in innate immunity although as of yet there is lack of clear 

consensus re how to properly identify and define different subsets. Multiple different 

‘types’ of neutrophils have been described in recent years, but as far as I am aware only 

two truly distinct subtype markers (that are either on or off independent of 

maturity/maturation stage), CD177 and OLFM4. In contrast to such bona fide subset 

markers, CXCR4 is a marker that may be induced in all (?) neutrophils. The manuscript 

describes the abundance of CXCR5hi neutrophils in psoriasis and claim that these cells 

are equipped with some peculiar features (e.g., hyperactivated glycolysis) that drive 

skin inflammation in this disease. The underlying observation, that psoriasis patients 

have an abundance of non-standard neutrophils CXCR4hi, but also high in a variety of 

additional markers) in circulation, is exciting. However, the presented data fail to 

convince that a) CXCR4 per se is of importance or even a suitable marker, and b) that 

the CXCR4hi cells are truly distinct functionally.  

Response: Thank you so much for these insightful comments. Following efforts are 

made to address the mentioned issues.

(1) We agree that CD177 and OLFM4 represent distinct neutrophil subtype markers as 

previously reported 1, 2, and we also introduced this briefly in the Introduction section 

of our manuscript. In our study, we previously assessed the frequency of OLFM4+ or 

CD177+ neutrophils in healthy controls and psoriasis patients and observed no 

significant difference between the two groups (Supplementary Fig. 16). Therefore, we 

did not further explore the functions of CD177+ or OLFM4+ neutrophils in psoriasis. 

However, we have observed prominent OLFM4+ neutrophils in skin lesions of 

generalized pustular psoriasis 3 which is another subtype of psoriasis with massive 

neutrophil infiltration, indicating a possible role of OLFM4+ neutrophils in pustular 

psoriasis, but this is currently under further investigation by our group. 
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The specific granule glycoprotein olfactomedin-4 (OLFM4) marks a subset (1-70%) of 

human neutrophils and OLFM4hi proportion has been shown to correlate with septic 

shock severity 4, although OLFM4 presence is not regulated at the level of transcription 
1. A higher frequency of circulating CD177+ neutrophils has been reported in patients 

with bacterial infections 2, 5 and a variety of autoimmune diseases including SLE 6, 7. 

CD177+ neutrophils have been shown to play a critical role in inflammation by 

releasing IL-22 and neutrophil extracellular traps (NETs) 8, 9. However, it has also been 

shown that there are no morphological differences in nuclear conformation or granules 

between CD177+ and CD177− neutrophils 8. Therefore, the immune regulatory roles of 

CD177+ or OLFM4+neutrophils warrant further investigation. 

Revised Supplementary Fig. 16. The frequency of CD177+ and OLFM4+ neutrophils in 

psoriasis patients and healthy controls. (a-b) Gating strategy of CD177 or OLFM4 

fluorescence intensity on peripheral neutrophils (left) and the proportions of peripheral CD177+

(a) or OLFM4+ (b) neutrophils (right) from healthy controls and psoriasis patients. Whole blood 

was used. A point represents a sample. Analyses: unpaired Student’s t-test. ns, not significant. 

HC, healthy control; Pso, psoriasis patients.

(2) As to the “types” of neutrophils that also asked in Q3 below, although neutrophils 

are conspicuously poor in RNA content, application of high-dimensional single-cell 

transcriptomic approaches to neutrophils has provided insights into their transcriptional 

heterogeneity during maturation in health and during inflammatory responses or 

malignant progression, such as TGFβ1+CCR5+ neutrophil, Fth1hi neutrophils, and 

various tumor-associated neutrophil (TAN) populations 10, 11, 12, 13. These findings 

demonstrate that neutrophils in circulation exhibit a heterogeneous mixture of cells with 

diverse phenotypic and functional states 14.  Another single-cell-based study on mouse 

neutrophils, defined 8 neutrophil populations, each with a distinct molecular signature, 

demonstrating that neutrophils gradually acquire microbicidal capability as they 

traverse the transcriptional landscape, representing conserved mechanisms for fine-

tuning regulation of neutrophil response, driven by both known and yet uncharacterized 

transcription factors. Notably, CXCR4 is noted as a marker gene for one of the 
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neutrophil clusters in this study 10. This is consistent with our findings shown here on 

CXCR4hi neutrophils in psoriasis. CD177, as shown in this recent study 10, is expressed 

in G2-G4 murine neutrophils, whereas CXCR4 is expressed in G5 neutrophils, 

indicating that CD177+neutrophils may represent a more immature neutrophil subset. 

The possible relationship between CD177+ and CXCR4+ neutrophils will need to be 

addressed in future studies. 

Several previously published studies have reported on the role of CXCR4hi neutrophils 

in inflammation including allergic asthma 15, 16 and Alzheimer's disease 17. For instance, 

exposure to a low dose of LPS skews neutrophils to upregulate CXCR4 in the lung, 

which then release NETs to mediate allergic asthma 15. Toward a more comprehensive, 

mechanistic understanding of CXCR4hi neutrophils, we sought to characterize the 

phenotypic and functional properties of CXCR4hi and CXCR4lo neutrophils in psoriasis 

patients and healthy controls. We have revealed the functionally distinct neutrophil 

subpopulations using patient samples and in vivo mouse models, RNA-seq analysis, 

and neutrophil-like cell lines such as differentiated HL60, etc. In brief, CXCR4hi and 

CXCR4lo neutrophils showed differences in lifespan, ROS production, NETs formation, 

phagocytic ability, degranulation, expression of activation markers and 

proinflammatory genes, and enhanced glycolysis (revised Fig. 2-5). We also identified 

that the crucial transcription factor determining CXCR4hi neutrophils was CREB1 

(revised Fig. 6). Collectively, our observations suggest that CXCR4hi neutrophils

represent a pro-inflammatory population in the initiation and progression of psoriasis 

pathology. Strategies targeting the CXCR4hi neutrophil-CREB1-NETs pathway may 

effectively inhibit skin inflammation and provide new ideas for treatments.

Moreover, neutrophils may adopt distinct phenotypic and functional properties across 

different tissues 18. These functions enable, for example, support of B cell maturation 

in the spleen or vascular regeneration in the lung 18, 19. One recent study revealed that 

immunotherapy for cancers expands a distinct neutrophil state with an IFN-stimulated 

gene signature 20, highlighting the dynamic nature of neutrophil phenotypes. Therefore, 

we further show particularly high responsiveness of CXCR4hi neutrophils toward 

various inflammatory stimuli, including TNF-α, IL-25, and CXCL12 (revised Fig. 5). 

It is logical to predict that this neutrophil heterogeneity emanates from local, rapid 

reprogramming of neutrophils under tissue-derived signals. The CXCL12/CXCR4 axis 

has been extensively studied in various contexts. In the lung, CXCL12-producing 

vessels play a critical role in the retention of neutrophils in specific perivascular areas, 

where they undergo reprogramming to support vascular growth 18. In addition, CXCL12 

signals act as classical niche factors that induce chromatin remodeling, promoting 
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nuclear compaction and facilitating the navigation of neutrophils in complex three-

dimensional environments 21. However, the parameters influencing neutrophil 

heterogeneity warrant further investigation.

A major challenge in studying neutrophil subsets is the lack of genetic and molecular 

tracers to accurately distinguish between heterogeneous populations beyond surface 

markers 22. In contrast to T cell subsets, which can be categorized based on their origin, 

transcriptional profile, and genetic drivers 23, neutrophil heterogeneity remains poorly 

understood due to a lack of molecular resolution, and the absence of reliable markers 

makes it difficult to formally classify them into distinct subsets 24. Additionally, these 

states exist as a transcriptional continuum rather than independent clusters, further 

complicating their classification. As discussed recently 22, novel barcoding tools 

coupled with single-cell RNA sequencing or genetic studies in vitro and in vivo may be 

required to fully explore the global architecture of the neutrophil compartment, the 

specific tissue niches that enable functional reprogramming, and potential clinical 

applications. Therefore, we have substantially expanded on our discussion of neutrophil 

phenotypes and functions in the Discussion section and revised the Introduction section. 

We feel that these additions have substantially strengthened our manuscript. 

(3) To fully address these comments below, we have performed a series of additional 

experiments including imaging flow cytometry, a series of experiments on CXCR4 

expression kinetics and internalization, additional RNA-sequencing with an increased 

number of patient samples, mouse experiments, and additional flow cytometry 

experiments, etc.. We have collected more psoriasis patient samples from the clinic to 

increase the number of participants (at least n = 6-8) for all the functional studies and 

RNA-seq analysis. Increased sample size for increased power and validation in data is 

shown and detailed in corresponding Figure legends. 

Specific comments: 

1) The isolation procedure on which much data rely is problematic and insufficiently 

described (as is unfortunately a lot of the experimental details). Flow cytometry data on 

the isolated (by CXCR4-magnetic beads) subtypes is completely lacking, as is 

information on purity of isolated cells. Are the isolated CXCR4hi cells used for 

functional analyses still bound to the antibody-magnetic bead? If so, this fact alone 

could well explain at least some of the increased activation seen in this subtype. 

Antibody-bead isolation is likely perfectly fine for analyzing cell content, but not for 

functional studies of viable cells.  
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Response: We thank the reviewer for pointing this out. This has helped us to further 

improve the quality of our manuscript. As suggested, we have now detailed all 

experimental procedures in the Method section and/or Supplementary Methods, 

including showing representative gating strategies for all FCM experiments (revised 

Supplementary Fig. 1a, 1b, 1e, 2a, 2c, 3d, 4e, 4f, 7a, 7b, 9a, 9b, 10a, 12a, 13f, 16a, 16b, 

17a, and 17b), and adding details regarding isotype controls, neutrophil isolation by 

magnetic beads, and the purity of isolated cells (revised Supplementary Fig. 17). 

Considering that time from venipuncture to cell isolation may impact neutrophil-related 

experiment results 25, such as neutrophil density 26 and CXCR4 expression 21, we 

employed a commonly used magnetic cell separation method (nanobeads 20-100nm; 

Miltenyi Biotec), to isolate CXCR4hi neutrophils for the ex vivo functional studies. 

Magnetic bead-based cell separation is gentle cell isolation and is commonly used in 

the field of immunology and for the separation of neutrophil subpopulations, including 

CD177+ neutrophils 8, 27, PR3+, or NB1+neutrophils 28. Using this approach, we have 

isolated neutrophils within 1.5 hours from blood collection to prevent artificial 

activation and apoptosis, in contrast to flow-based separation methods which take over 

3 hours to collect enough CXCR4hi neutrophils (1×107 cells) from a single blood sample, 

for functional studies. As detailed and underlined in the Method section, the antibody-

bead was only bound to cells for 15 min for isolation and immediately washed off, we 

consider it unlikely to affect the function of the isolated neutrophils, as shown in 

multiple other studies.

To fully address this question, we have also isolated psoriatic CXCR4hi neutrophils 

using magnetic separation (n = 4) and compared them against neutrophils isolated by 

flow separation (n = 6) using RNA sequencing. Compared to psoriatic CXCR4lo

neutrophils, psoriatic CXCR4hi neutrophils highly expressed 1534 genes (via magnetic 

sorting) or 1699 genes (via flow isolation). And the differentially expressed genes 

(DEGs) between psoriatic CXCR4hi neutrophils via two methods were only 108 

upregulated and 217 downregulated (Figure R1a). Those DEGs in two groups 

demonstrated no significant differences, including changes in biological processes or 

cellular pathways (Figure R1a-f). Furthermore, similar results were obtained for 

expression of activation markers and inflammatory genes as detected by qRT-PCR 

(Figure R1g), demonstrating that there is no significant difference between magnetic 

bead and flow-based isolation methods. 
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Figure R1. The comparison of neutrophil properties isolated via magnetic sorting and flow 

isolation method. (a) Bar chart showing the number of differentially expressed genes (DEGs) in 

the psoriatic CXCR4hi vs. CXCR4lo neutrophils via magnetic sorting (n = 4) and flow isolation 

method (n = 6). (b) Heat map of DEGs in the psoriatic CXCR4hi vs. CXCR4lo neutrophils by two 

sorting methods. (c-f) KEGG and GO enrichment analysis of the main difference pathways enriched 

by magnetic sorting (c, e) and flow isolation (d, f). (g) Expression levels of inflammatory molecules, 

metabolic molecules, and transcription factors in isolated neutrophils were compared by qRT-PCR 

for both sorting methods. Mean ± SD (n = 6 biologically independent samples/group). Analyses: 

two-way ANOVA with Tukey’s post hoc test. GO, Gene ontology; KEGG, Kyoto Encyclopedia of 

Genes and Genomes; Pso, psoriasis patients.
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Moreover, as illustrated on the website of Miltenyi biotec, specific MACS MicroBeads 

are biodegradable and non-toxic and available for the positive selection of numerous 

cell types and cell subsets. Due to the low labeling concentrations and their small size, 

MACS MicroBeads do not lead to the activation of the target cells. They are conjugated 

to highly specific antibodies against a certain cell surface antigen. And magnetic beads 

connected through anti-APC can naturally fall off without activating the target cells. 

Importantly, scanning electron microscopy showed no visible labeling on the cell 

surface or alteration of the cells’ appearance after isolation with MACS MicroBeads 

and MACS Columns. One recent study compared the influences of isolation technology 

on neutrophil phenotype and function, which recommended using immunomagnetic 

separation of neutrophils for studying neutrophil polarization, phagocytosis, ROS 

production, degranulation, and NETosis 29. Other studies also proved that this positive 

magnetic selection would not influence the functions of neutrophils and T cells 30, 31, 

for instance, the polarization of neutrophils or the oxidative burst in neutrophils. 

2) More specifically: 

• Is the cut-off (re CXCR4) consistent with the gates shown in other data sets (e.g., Fig. 

1)? 

• Are there any non-neutrophil contaminants (enriched in either of the fractions)?( The 

importance of being ‘‘pure’’ neutrophils) 

• Why was this isolation method not used for the bulk RNAseq (explained in suppl fig. 

3)  

Response: Thank you for these comments and suggestions. As suggested, we have now 

detailed all the experimental procedures including representative gating strategies for 

all FCM experiments (revised Supplementary Fig. 1a, 1b, 1e, 2a, 2c, 3d, 4e, 4f, 7a, 7b, 

9a, 9b, 10a, 12a, 13f, 16a, 16b, 17a, and 17b), and now show representative data of 

isolation efficiencies in the Method section and/or Supplementary Figures (revised 

Supplementary Fig.17). 

(1) As shown in Supplementary Figures, the cut-off (re CXCR4) was consistent with 

the gating thresholds shown in other data for the same settings (e.g., Fig. 1), and we 

have added a detailed description of this in the Method section and corresponding figure 

legends in our revised manuscript. 

(2) Regarding the potential of non-neutrophil contaminants, we set the purity of isolated 

neutrophils, including CXCR4hi neutrophils, at >90% (n = 6, revised Supplementary 

Fig. 17). However, we cannot completely exclude the possibility that occasional, small, 
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non-autofluorescent monocytes/macrophages were included among the neutrophils. We 

have added this as one limitation in the Discussion section with changes underlined.

(3) For the bulk RNA sequencing of CXCR4hi and CXCR4lo neutrophils (2×106 cells), 

flow sorting was used to ensure the purity of CXCR4hi neutrophils, which took within 

30 min for each sample (2×106 cells). However, considering that time from 

venipuncture to cell isolation may impact neutrophil-related experiment results 25, such 

as neutrophil density 26 and CXCR4 expression 21, we employed a commonly used 

magnetic cell separation method to isolate CXCR4hi neutrophils for the ex vivo

functional studies. As discussed in our response to Q1 above, the additional RNA-seq 

analysis and qRT-PCR results show that the magnetic bead isolation for functional 

experiments reproduced the similar findings as from the flow cytometry-based method 

(Figure R1). Moreover, we have also collected more blood samples for isolating 

CXCR4hi and CXCR4lo neutrophils for RNA-seq analysis, and replaced the graphs 

shown previously in Fig. 3.

3) CXCR4 cannot be key to the various effects seen by psoriasis CXCR4hi neutrophils. 

The pronounced difference in effect by Pso CXCR4hi and HC CXCR4hi cells clearly 

demonstrates that there is something else going on in the former. For example, >10x 

more genes are upregulated in CXCR4hi vs CXCR4lo neutrophils from psoriasis 

patients, as compared to the situation in HC. There are multiple markers (and effects) 

shown that does not follow CXCR4 expression. Focusing on CXCR4 as the pivotal 

player is misleading since, according to the data presented, the subset might as well be 

described as CREB1hi, CD101hi, or CD10hi, especially the latter seems almost an 

ON/OFF marker (suppl fig. 2). Especially for CD10, an isotype control should be 

shown –are the CXCR4lo samples (suppl fig. 2a) in fact CD10-? If so, they might be 

regarded as immature, making the situation even more complex to dechipher (since they 

would be overrepresented in HC blood). 

Response: We appreciate this question and will attempt to address this as best as we 

can. We have substantially revised the Figures and Results in our updated manuscript, 

and we have also added to our Discussion section details regarding the functions and 

upstream regulation of CXCR4hi neutrophils. 

(1) As we have discussed above, rapidly growing and emerging evidence has 

demonstrated that neutrophils exhibit heterogeneous phenotypes under certain 

physiologic and pathologic conditions 32, 33. To date, a wide range of neutrophil 

phenotypes have been described. This includes normal-density neutrophils (NDNs), 
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low-density neutrophils (LDNs), N1/N2, reverse-migrated neutrophils, aged 

neutrophils, CD177+neutrophils, OLFM4+neutrophils, CD62Ldim neutrophils 34, and 

TGFβ1+CCR5+ neutrophil 13, 35, amongst others. These neutrophil subtypes likely 

reflect differences in density, surface markers, and maturity states of neutrophils, but 

consensus criteria are still lacking. In particular, the diversity of plasticity of neutrophils 

appears even greater in inflammation and cancers as shown in recently published high-

resolution single-cell atlases 36, 37, 38. These illustrate the notion that, already in 

circulation, neutrophils are a mixture of cells in different phenotypic and functional 

states 14. Moreover, neutrophils may adopt distinct phenotypic and functional properties 

across different tissues 18. Therefore, understanding the mechanisms by which 

microenvironmental factors regulate neutrophils to promote their pro-inflammatory 

functions is crucial, and may provide opportunities for more specific targeting of 

inflammation-associated neutrophils. 

CXCR4+neutrophils have been identified in several previous studies. For example, 

“aged” neutrophils upregulate CXCR4 and represent an overly active subset exhibiting 

enhanced αMβ2 integrin activation and NETs formation under inflammatory conditions, 

which is driven by the microbiota via Toll-like receptor 39. Single-cell studies from 

mouse lungs, that a low dose of LPS upregulates their expression of CXCR4, and 

CXCR4hi neutrophils release NETs to mediate allergic asthma, indicating that 

environmental risk factors shape recruited neutrophils in the lung to promote the 

initiation of allergic asthma 15. Our data are consistent with these findings and expand 

on our understanding of the role of CXCR4hi neutrophils in skin inflammation, and 

further suggest that the activation responses of CXCR4hi neutrophils not only include 

ROS formation and NETs formation, but also changes in surface receptor compositions 

(e.g., CD10, CD44, CXCR2), intracellular signaling cascades (e.g., CREB1, glycolysis-

associated genes), and pro-inflammatory effects on cutaneous vessels via releasing 

lactate and MMP-9 (revised Fig. 2, 3). We consider CXCR4 to be a marker of neutrophil 

priming to additional stimuli - as this is the marker that best distinguishes those cells. 

(2) The differences between psoriatic (Pso) CXCR4hi vs. healthy control (HC) CXCR4hi 

cells are not unexpected and are similar to what has been shown for other neutrophils 

subsets, such as CD177+ neutrophils, where significant changes associated with defense 

response and inflammatory immune responses were seen in this neutrophil subset 

between HC and inflammatory bowel disease patients8. Similarly, in patients with 

biliary atresia and patients with intrahepatic cholestasis, CD177+ neutrophils showed 

increased and decreased expression of 4654 and 2590 genes respectively compared to 

HC CD177+ neutrophils 9. Lastly, OLFM4+ neutrophil subsets also demonstrated 
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marked differences in proteomic expression between healthy controls and septic 

patients 4. Therefore, the immune microenvironment will influence and educate 

neutrophil phenotypes, as we observed in psoriatic skin (revised Fig. 5). Our data 

support the notion that neutrophils are heterogeneous, plastic, and adaptable to context-

specific cues to exert particular functions 40.  

(3) As suggested, we have added an isotype control for the staining of CD10 and other 

activation markers (revised Supplementary Fig3), which showed that psoriatic 

CXCR4hi neutrophils have a higher surface protein expression of CD10 than CXCR4lo

neutrophils and controls (revised Fig. 2b), and healthy CXCR4lo neutrophils expressed 

a lower level of CD10, but not negative for CD10 (revised Supplementary Fig. 2a). 

CD10, also known as common acute lymphoblastic leukemia antigen, can be used as a 

marker to distinguish mature from immature neutrophils 41. It has been shown that the 

absolute numbers of CD10+ and CD10- neutrophils of healthy subjects are about 

2.5×106/ml and 0.3×106/ml blood samples, respectively 42. However, it is also reported 

that the peripheral blood of psoriasis patients contains higher numbers of both mature 

CD10pos and immature CD10neg neutrophils 42. They also identified a subpopulation of 

neutrophils with hypersegmented nuclear morphology, indicative of aged neutrophils 

that lack CD10, suggesting that CD10 expression is transitory during the developmental 

process in neutrophils, and maybe especially so in inflammation 42. We have revised 

the description of the Results more accurately.

Revised Supplementary Fig. 2a. (a) Gating strategy and representative flow cytometry 

histogram of key immune markers between peripheral CXCR4lo and CXCR4hi neutrophils from 

healthy controls and psoriasis patients. Whole blood was used for analysis.

4) CXCR4 is a chemokine receptor, heavily expressed by various lymphocytes, but also 

on the surface of some, presumably aged and/or activated neutrophils. Most neutrophil 

receptors, the surface expression of which can be substantially increased, are stored 

within mobilizable granules and does not require de novo transcription/protein 
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synthesis in order to be upregulated. I lack information on the mechanism underlying 

CXCR4 upregulation:  

• is it stored inside granules in CXCR4lo cells?  

• Is de novo protein synthesis required?  

• What is the kinetic of CXCR4 upregulation (the shortest time shown is 2 hrs) and 

would is this limited time sufficient for the gene and protein to be expressed? 

Response: Thank you so much for these critical comments. We agree with the reviewer 

on the importance of these points and have addressed those in our revised manuscript 

to the best of our capabilities. Neutrophil activation and degranulation rapidly increase 

the cell surface levels of multiple proteins to reflect shifting functional needs 43. As we 

showed, the mRNA and total protein expression of CXCR4 was dramatically high in 

psoriatic neutrophils than that in healthy controls (revised Fig. 1e, revised 

Supplementary Fig. 1d). However, at present, the kinetics of CXCR4 expression on 

neutrophils is still largely unknown. Here we have performed a series of additional 

experiments to explore the mechanism underlying CXCR4 upregulation on psoriatic 

neutrophils and added one new Figure (revised Fig.5). 

(1) To determine if de novo protein synthesis is required for CXCR4 in neutrophils, we 

evaluated mRNA and protein expression of CXCR4 in human neutrophils in response 

to TNF-α, IL-25, and CXCL12 for indicated times (2, 4, 8, 12, 24 h). Real-time PCR 

results showed that the mRNA expression of CXCR4 in human neutrophils was 

increased at 2 h reaching the peak at 24 h with stimulation of TNF-α, IL-25, or CXCL12 

(revised Fig. 5f). Similarly, the circulating serotonin-induced upregulation of CXCR4 

mRNA in neutrophils was seen at 4 h 44. It has also been reported that CXCL12 activates 

CREB145, which is the critical transcriptional factor for CXCR4 expression in 

neutrophils as illustrated in our manuscript (revised Fig. 6). Flow cytometry results 

show the time-dependent protein expression of CXCR4 on the cell membrane of human 

neutrophils upon TNF-α, IL-25, or CXCL12 stimulation (revised Fig. 5g). However, 

the protein expression of CXCR4 on neutrophils in the CXCR12-treated group was 

decreased after 8 h of stimulation (revised Fig. 5g), probably due to CXCR4 

internalization. CXCR4 is a member of the GPCR superfamily that binds to CXCL12, 

initiating signaling that is subsequently terminated in part by internalization and 

lysosomal degradation of CXCR4 46. Therefore, cell immunofluorescence was 

employed to observe the intracellular trafficking of CXCR4 in CXCR12-treated 

neutrophils, which displayed high levels of colocalization between CXCR4 and 

LAMP1 since 4 h, but not in vehicle-treated neutrophils (revised Fig. 5h). To further 

ascertain whether upregulation of CXCR4 protein expression was dependent on 
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intracellular protein transport, we tested the effects of brefeldin A, which reversibly 

blocks protein translocation from the endoplasmic reticulum to the Golgi apparatus. 

This result showed that the upregulation of CXCR4 on neutrophils was almost 

completely abrogated by pre-treatment with brefeldin A in the IL-25-, TNF-α-, or 

CXCL12-treated groups (revised Supplementary Fig. 7g). 

In addition, our additional experiments that explored the role of CREB1 in regulating 

CXCR4hi neutrophils, as we addressed below in Q7, confirmed the recruitment of 

CREB1 to the promoter regions of CXCR4 and PADI4 in dHL-60 cells (neutrophil-like 

cells), and that the CREB-CBP complex contributed to CXCR4 expression and 

CXCR4hi neutrophils in skin inflammation (in revised Fig. 6). 

(2) To explore if CXCR4 is stored inside neutrophil granules and mobilized to the 

surface upon stimulation, we employed imaging flow cytometry to quantify the 

intensity and distribution of CXCR4 in psoriatic CXCR4lo neutrophils as previously 

reported 47. In the data presented (see revised Fig. 5i), we utilized established granule 

markers: LCN2 for specific granules, and CD63 for azurophil granules. CXCR4lo

neutrophils were permeabilized and stained with antibodies against CD63 and LCN2, 

along with an anti-CXCR4 antibody, and then subjected the neutrophils to imaging flow 

cytometry to assess for heterotypic granule fusion, i.e., the degree of colocalization of 

these markers and CXCR4. This was calculated using a built-in colocalization analysis 

of the IDEAS software 47. We found that CXCR4 was not co-located with neutrophil 

granule markers in CXCR4lo neutrophils (revised Fig. 5i, Supplementary Fig. 8a). 

Another cell immunofluorescence showed consistent results that CXCR4 protein 

expression did not overlap with neutrophil granule markers such as LCN2 and MMP-9 

(revised Supplementary Fig. 8b). Therefore, CXCR4 is not stored inside neutrophil 

granules.

To address if CXCR4 can be upregulated to the surface of CXCR4hi neutrophils or 

CXCR4lo neutrophils upon degranulation, similar to the CD177 expression pattern 48.  

Neutrophils were analyzed for CXCR4 expression before and after degranulation 

triggered by short (30 min) treatment with TNF-𝛼 (100 ng/ml, n = 6), as previously 

reported 2. These results show that TNF-α stimulation does not induce an increase in 

the mean fluorescence intensity of CXCR4 on neutrophils (revised Supplementary Fig. 

8c). This is consistent with previous studies that have profiled human neutrophil 

granules and secretory vesicles and did not identify CXCR4 amongst 1292 unique 

proteins identified 49, 50. 
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Therefore, we show that CXCR4 upregulation depends on de novo mRNA and protein 

synthesis and on intracellular protein transport. We have added a new Figure 5 in our 

revised manuscript to illustrate this, substantially revised the Result section, and added 

these experimental details to the Method/supplementary Method section or 

corresponding Figure legends. We have also expanded our discussion to address this. 

All the changes are underlined.

5) Although mentioned in the introduction, the possible impact of LDNs to the results 

is neither addressed nor discussed. LDNs (it is not unlikely that they are rather abundant 

in psoriasis patients) would be present in all experiments using whole blood, but not in 

the experiments using isolated neutrophils. This could be of significant importance.

Response: We agree, and the reviewer raises an important point. We have removed the 

sentences about low-density neutrophils (LDNs) from the Introduction section to avoid 

ambiguity and we have added to the discussion information on neutrophil heterogeneity 

with a focus on the established and known roles of LDNs in psoriasis (page 18; para 1).

In fact, one recent study has reported that no significant differences in the proportion 

of aged neutrophils (CXCR4+CD62Llow) are observed between LDNs and HDNs 51, 

suggesting that the classification of the aged/non-aged neutrophils is different from the 

density classification, and indicating that aged neutrophils are a unique subset.

Emerging evidence has shown that neutrophils exhibit heterogeneous phenotypes under 

certain physiologic and pathologic conditions 32, 33 likely reflecting differences in 

neutrophil density, surface markers, and maturity, although consensus criteria are still 

lacking. This includes low-density neutrophils (LDNs), N1/N2, reverse-migrated 

neutrophils, aged neutrophils, CD177+neutrophils, OLFM4+neutrophils, CD62Ldim

neutrophils 34, and TGFβ1+CCR5+ neutrophil 13, 35. Among these, LDGs are a recently 

identified subpopulation of neutrophils that are retained in the upper layer containing 

PBMCs after Ficoll-Paque sedimentation (determined by CD14loCD15hiCD10hi) 

(Figure R2a), with different functional properties compared with normal-density 

neutrophils (NDNs) and all neutrophils (LDNs+NDNs) 52, 53, 54. Moreover, 

“spontaneous” density shift of neutrophils in vitro has also been reported due to the 

delayed processing of blood samples, which may contribute to the wide variety of LDN 

numbers found between different experimental setups 26.  In fact, LDNs to date are a 

heterogeneous group composed of both mature neutrophils and immature neutrophils 

at various stages of differentiation, and function (pro-inflammatory or suppressive) 38, 

55, 56.  This diversity and plasticity in neutrophil function have been demonstrated in 

multiple -omic studies 11, 14, 18, 38, 53.  
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Data regarding LDNs in psoriasis vary across studies. Previous studies have shown that 

the number of circulating LDNs (1.3-fold) and NDNs (2.0-fold) are all higher in 

psoriasis patients than those in healthy controls 57, 58, and LDNs are more efficient at 

generating NETs 59. Recently, a distinct population of immature CD66+CD16+ LDNs 

was characterized in acute generalized pustular psoriasis 60. Increased numbers of 

LDNs at baseline have been reported in some psoriatic arthritis patients but no specific 

clinical features were identified in correlation with high numbers of LDGs at baseline 
61. In our experiments, we analyzed the neutrophil phenotype from surface markers and 

maturity but did not assess neutrophil density. It is likely that LDNs would be present 

in some of the flow analysis experiments, however, we feel that it would be unlikely to 

affect our findings and conclusions as our study was performed on whole-blood to 

minimize potential biases related to isolation procedures and took the proinflammatory 

cytokine environment into account. We have found that the CXCR4hi neutrophils 

identified in our study appear to have some overlap with mature LDNs, when 

comparing our data with a previously published study on psoriasis 58 on account of 

similar functional characteristics, including enhanced leukocyte activation, increasing 

vascular permeability, pro-inflammatory effects, NF-kappa B signaling, NETs 

formation, enhanced phagocytosis, etc. (Figure R2b). Further studies, outside the scope 

of our current manuscript, will be needed to fully address the relationship between 

CXCR4hi and LDNs, but to address this we have added a whole paragraph in the 

Discussion section.

Figure R2. The comparison between LDNs and CXCR4hi neutrophils in psoriasis. (a) The 

location of LDNs and isolated neutrophils in the Ficoll-Paque-processed blood samples. LDNs 
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are retained in the upper layer containing PBMCs after Ficoll-Paque sedimentation (then mostly 

determined by CD14loCD15hiCD10hi). (b) The comparison of CXCR4hi neutrophils identified 

in our study and mature LDNs, a previously published study on psoriasis 58. 

6) The authors previously described neutrophil MMP-9 to the culprit behind cutaneous 

vasodilation and hyperpermeability in psoriasis (PMID: 32888954). In the current 

manuscript they instead state that lactate is critical. These two apparently disparate 

findings needs to be reconciled or at least discussed. 

Response: Thank you so much for this suggestion. The interaction between neutrophils 

and vascular endothelial cells (EC) and their contributions to skin inflammation has 

been an important concern for us 62, 63, 64. To address this, we have evaluated MMP-9 

release from CXCR4hi and CXCR4lo neutrophils of psoriasis patients and healthy 

controls via ELISA and Western blotting of the neutrophil supernatant. This 

demonstrated that psoriatic CXCR4hi neutrophils release more MMP-9 than CXCR4lo

neutrophils and healthy controls (revised Fig. 2i, j). 

Revised Fig. 2i, j. The MMP-9 level in the supernatant of neutrophils. CXCR4hi and 

CXCR4lo neutrophils were isolated from psoriasis patients and healthy controls (n = 6) and 

cultured in vitro for 24 h, then the supernatant of each group was collected and processed for 

ELISA assay (i) and Western blot (j). Data are mean ± SD (n = 6). *** P < 0.001, ns, not 

significant. Two-way ANOVA with Tukey’s post hoc test was used. HC, healthy control; Pso, 

patients with psoriasis.

Furthermore, we found that either inhibiting MMP-9 62 or blocking the receptor for 

lactate (Fig. 4h) reverses endothelial hyperpermeability and decreases immune cell 

infiltration. Based on these additional data, we consider that both MMP-9 and lactate 

exert pro-inflammatory effects on ECs through different mechanisms, leading to 

cutaneous vasodilation and hyperpermeability. Accumulating studies have explored the 

multiple steps for neutrophil recruitment and diapedesis following infections and injury, 

which is driven by complex interactions between neutrophils and various components 

of the blood vessel wall 65, 66. For instance, neutrophils and NETs 67, as well as MMP-9 
68, 69 can degrade glycocalyx on the endothelial cell surface to expose adhesion 
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molecules and increase endothelial permeability. As we have recently revealed, 

endothelial glycocalyx destruction, a major feature of EC dysfunction in psoriasis, is a 

driving force during the process of immune cell extravasation 63. Similarly, MMP-9 

produced by monocytes in giant cell arteritis may degrade type IV collagen in medium-

sized arteries to promote the entry of CD4+T cells and monocytes into the vessel wall 

to exert inflammatory responses 70. It is also reported that MMP-9 facilitates the 

proteolytic processing of the extracellular portion of platelet endothelial cell adhesion 

molecule-1 (PECAM-1), thus inducing leukocyte migration across this junctional 

molecule 71. 

Recently, lactate has begun to be recognized as an active molecule capable of 

modulating immune responses via its receptors or transporters. For instance, lactate 

produced by neutrophils following LPS stimulation acts on the lactate GPR81 receptor 

that is expressed by endothelial cells to reduce VE-cadherin expression, thus increasing 

vascular permeability 72. In addition, lactate accumulation in inflamed tissue contributes 

to the upregulation of the lactate transporter SLC5A12 by human CD4+ T cells, which 

mediates lactate uptake into CD4+ T cells, reshaping their effector phenotype to produce 

increased IL-17 73.  Developments in genomic, imaging, and sequencing technologies 

are beginning to enable more in-depth investigations into the pathophysiology of 

vascular inflammation, making now a good time to re-examine the roles of neutrophils 

in these processes.

Therefore, there is substantial evidence to support our findings that neutrophils exert 

their pro-inflammatory effects on ECs via different molecules and mechanisms. We 

have added the MMP-9 data in revised Fig. 2, added the experimental protocols in the 

Method section, and further addressed this in our revised Discussion section, and also 

revised the Graphic Abstract (revised Fig. 9) to better illustrate the crosstalk between 

neutrophils and ECs. 

Minor comments: 

7) The use of pharmacological inhibitors is risky without all proper controls to 

demonstrate that their actions are indeed specific. Especially so re in vivo experiments 

where active doses of inhibitors are hard to predict/specify. There are no control 

experiments shown (or mentioned) that e.g., KG-501 does not inhibit non-CREB1 

mediated responses. 

Response: We apologize for this not being clear in our original submission. We have 

now extensively updated and enhanced information on the use of inhibitors in our 

revised manuscript (as underlined in Methods, Results, and Figure Legends). 
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(1) For each inhibitor used in our experiments, the buffer to dissolve the corresponding 

inhibitor was used at the same volume as the control. For example, the CREB1 inhibitor 

(KG-501) was dissolved and stored in DMSO, and the CXCR4 inhibitor (AMD3100 

hydrate) in phosphate-buffered saline (PBS) solution, thus DMSO or PBS, matching 

the inhibitors, was used as the control in cell and/or mouse experiments, as indicated in 

Methods, Figures, and Figure legends. 

(2) As to the CREB1 inhibitor, KG-501 and 666-15 were mostly used in experimental 

settings 74, 75, but may have some mechanism differences. Upon stimulation CREB is 

activated by phosphorylation on Ser-133 then interacts with its coactivator protein, 

CREB-binding protein (CBP) to initiate transcription of CREB-responsive genes 76. 

KG-501 directly targets the KIX domain of CBP, resulting in a disrupted CREB-CBP 

complex, inhibiting CREB-target gene induction. Another CREB1 inhibitor 666-15 can 

effectively inhibit CREB phosphorylation and related target gene transcription but is 

rather weak to inhibit CREB-CBP interaction. Therefore, we pre-treated human 

neutrophils with CREB inhibitors 1 h earlier, and then TNF-α and CXCL12 to induce 

CXCR4 expression. We then compared the dose-response curves for the two different 

inhibitors, which showed that KG-501 (at 300 μM) was the more potent inhibitor 

(revised Supplementary Fig. 10a), compared to the inhibitory effects of 666-15 (Figure 

R3). Importantly, this dose of KG-501 was not cytotoxic, nor did it have general adverse 

effects on cell viability (revised Supplementary Fig. 10b). Moreover, we found that 

silencing of CREB by shRNA and/or treatment with a CREB inhibitor (KG-501) reverts 

the overexpression and activation of CXCR4 and PAD4, NETs formation, and 

hyperactivated glycolysis, as well as maturation and activation marker including CD10, 

CD101, and degranulation marker CD63 (in revised Fig. 6h-j).

Figure R3. Verification of 666-15 inhibition efficiency. Neutrophils from healthy controls 

were pre-treated with 666-15 for 1 h at indicated concentrations, followed by CXCL12 and 

TNF-α stimulation for 2h. The CXCR4 expression on neutrophils were analyzed.

Based on this, we further analyzed the binding of activated CREB to its molecular 

partner CBP to illustrate the mechanisms underlying CXCR4 expression. Cell IF 

showed that CBP was constitutively expressed in all samples and co-localized with 
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phosphorylation of CREB in TNF-α and CXCL12-treated neutrophils, however, 

undetected in normal controls (revised Fig. 6f). Western blot data showed 

phosphorylation of CREB1 and increased CBP expression in TNF-α and CXCL12-

treated neutrophils (revised Fig. 6g). Therefore, we consider that the CREB-CBP 

complex contributes to CXCR4 expression and CXCR4hi neutrophils in skin 

inflammation, which can be disrupted appropriately by KG-501. Moreover, chromatin 

immunoprecipitation (ChIP) assay confirmed the recruitment of CREB1 to the 

promoter regions of CXCR4 and PADI4 in dHL-60 cells (revised Fig. 6l). To further 

determine this, we cloned the promoter region of CXCR4 (2.0 kb upstream of its 

transcription start site) into a luciferase construct and generated a deletion construct that 

lacked the predicted N-CREB1 binding site. Treatment with CXCL12 or TNF-α 

resulted in a significant increase in CXCR4 promoter expression, which was found to 

be inhibited by the deletion of the CREB1 binding site (revised Fig. 6m), demonstrating 

the direct transcriptional regulation of CXCR4hi genes by CREB1 in neutrophils. 

(3) In our in vivo experiment, 10mg/kg of AMD3100 hydrate (Sigma-Aldrich), a 

selective CXCR4 antagonist was administered intraperitoneally every day to inhibit 

CXCR4 function. AMD3100 (plerixafor), a CXCR4 antagonist, has opened a variety 

of avenues for potential therapeutic approaches in different refractory diseases, and all 

the pre-clinical studies support the clinical testing of the monotherapy and combination 

therapies in humans with safety 77, 78. The dose of AMD3100 and the length of treatment 

were chosen based on previous studies 79, 80, 81, 82. Moreover, in our initial experiments, 

AMD3100 was injected intraperitoneally at various concentrations (0.1, 1, or 10 mg/kg, 

in 100 ul), which showed that AMD3100 had activity for inhibition of IMQ-induced 

skin inflammation, as well as lowing CXCR4hi neutrophils over a broad range of doses, 

reaching the peak at 10 mg/kg (revised Supplementary Fig. 13). After 6 days, the 

hematoxylin and eosin (H&E) staining of mouse kidney and liver didn’t show any 

abnormal phenotypes (revised Supplementary Fig. 13g). Further investigation of 

whether this long period of CXCR4 inhibition can induce side effects will be essential. 

We have included these explanations in the Method and Result section. 

In parallel, anti-CXCL12 was injected intraperitoneally at various concentrations (0.1, 

0.5, or 1 mg/kg, in 100 ul), and the isotype antibody was used as a control. This showed 

that neutralizing CXCL12 also inhibited the IMQ-induced skin inflammation and 

infiltration of CXCR4hi neutrophils over a broad range of doses, reaching the peak at 1 

mg/kg (revised Supplementary Fig. 14). Notably, no side effects were observed and no 

damage to organs, including the kidney and liver, was detected (Supplementary Fig. 

14f)
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We have added these data in the revised Figures and supplementary figures and added 

the experimental details in the Method section to improve the quality of our data and 

manuscript. 

8) Why is CXCR4 not internalized (resulting in lower surface expression) in cells 

treated with CXCL12? 

Response: Thank you for this comment. This question was also raised by Reviewer 3. 

We have now added new experiments to address this important issue. As mentioned 

above in our response to reviewer’s comments in Q4, we treated healthy neutrophils 

with TNF-α, IL-25, or CXCL12 for the indicated time (2, 4, 8, 12, 24 h) and examined 

the mRNA and protein expression of CXCR4 in neutrophils. Real-time PCR results 

showed that the mRNA expression of CXCR4 in human neutrophils was increased at 

2h with stimulation of either TNF-α, IL-25, or CXCL12, reaching peak level at 24h 

(revised Fig. 5f, as shown in response to Q4). Furthermore, flow cytometry analysis 

showed time-dependent protein overexpression of CXCR4 on neutrophil cell surface 

upon TNF-α, IL-25, or CXCL12 stimulation at early timepoints (<8 h), although lower 

in the CXCR12-treated group beyond 8h (revised Fig. 5g). We believe that the changes 

in CXCR4 protein expression on the membrane in response to CXCL12 are likely 

caused by CXCR4 internalization. Therefore, we further employed cell 

immunofluorescence to observe the intracellular trafficking of CXCR4 in neutrophils 

treated with CXCL12 or vehicle for 12 h. Following stimulation and fixation, cell IF 

showed high levels of colocalization between CXCR4 and lysosomal protein LAMP1, 

but not in vehicle-treated neutrophils (revised Fig. 5h). These data demonstrate 

CXCL12 elicits an intracellular itinerary that facilitates the degradation of CXCR4 in 

terminal endocytic compartments.

Receptor internalization occurs during inflammation/activation, impacting surface 

receptor levels, and relies on endocytic mechanisms, generally involving caveolae 

and/or clathrin-mediated endocytosis and redistribution mechanics 83, 84. As examples, 

CXCR1, 2, and 4 have been described to undergo receptor internalization, modifying 

the interaction and activation potential of different cells 85, 86. It is reported that the 

CXCR4-CXCL12 axis and internalization, as well as lysosomal degradation of CXCR4, 

are regulated by complicated posttranslational modifications, including 

phosphorylation and ubiquitination 46. However, the mechanisms that regulate cell 

surface expression, membrane trafficking, and CXCR4 recycling in neutrophils are 

largely unknown and warrant further in-depth investigation. We have expanded on our 

discussion to better address this. 
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9) Nuclear/cellular morphology and NETs results would be much strengthened by 

proper quantification. 

Response: We appreciate the reviewer’s comment. We have now quantified the 

Nuclear/cellular morphology (revised Fig. 2a) and NETs (revised Figure 2e), the 

method of which has been detailed and underlined in the supplementary Method. 

10) How were murine neutrophils isolated from blood? 

Response: We apologize for not being clear in regard to this in our original version. 

Here we performed isolation of peripheral blood neutrophils using a Neutrophil 

Isolation Kit (Miltenyi Biotec) according to the manufacturer’s instructions. Ly6G is a 

neutrophil-specific cell surface marker in mice, therefore, these Ly6G-based positive 

selection strategies can result in high yield, high purity, and high viability of neutrophils 
87, 88. Detailed information for the isolation of neutrophils and the purity of the cells was 

provided in the Methods section and Supplementary Fig. 17. As previously shown, 

mouse neutrophils isolated by above protocols can be used for examining various 

cellular functions ex vivo and for neutrophil adoptive transfer experiments 88.  These 

details have been added and underlined in our revised supplementary Method section. 

11) Viability assays (Fig. 2C) would be much more informative if an early cell 

death/apoptosis marker was also included. 

Response: We agree with the reviewer. Therefore, we have collected more psoriasis 

patient blood samples (n = 6) and evaluated early and late apoptosis markers of 

CXCR4hi neutrophils via AnnexinV/7-AAD assay, which showed that the percentage 

of early apoptotic cells was higher in psoriatic CXCR4hi neutrophils than that in healthy 

controls, both at 0h and 24 h; however, no significant difference in late apoptosis was 

observed between psoriatic CXCR4hi neutrophils and healthy controls (revised Fig. 2c, 

Supplementary Fig. 2b). We have added these data to our revised Results and Figures, 

and also added experimental details and gating strategy in the Method 

section/supplementary methods.
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Revised Fig. 2c. (c) Assessment of CXCR4hi neutrophil survival by Annexin V and 7-AAD 

staining after 24 hours of culture. Analyses: two-way ANOVA with Tukey’s posthoc test was 

used in c. * P < 0.05, ** P < 0.01, *** P < 0.001, ns, not significant. HC, healthy control; MFI, 

mean fluorescence intensity; Pso, psoriasis patients.

12) Statistical calculations based on n=3 are not meaningful 

Response: Thank you for this suggestion. We have collected more patient samples and 

increased the sample size in Figures 1h-i, 2c-d, 2g-h, 2k, 3, 4, 5b, 5g, 5i, 6c, 6j, 7, 8 and 

performed all suggested in vivo and in vitro experiments to improve this. 

13) The IMQ model of psoriasis was shown to be rather completely dependent on 

IL17/il23 (PMID: 19380832). In order to convincingly claim that CXCR4/CXCL12 is 

as critical, ko mice should be used.  

Response: Thanks for your suggestion. We agree that topical application of imiquimod 

(IMQ), a TLR7/8 ligand and potent immune regulator, mimics human psoriasis mainly 

depending on IL-17/IL-23 axis 18. However, massive neutrophil infiltration and 

neutrophil-related signaling can be also detected in the lesional skin of IMQ mice 89, 

suggesting that the IMQ mouse model is suitable to study the role of neutrophils in skin 

inflammation 90, 91, 92, 93, 94. Therefore, depleting neutrophils or inhibiting neutrophil 

bioactive molecules leads to alleviation of IMQ-induced skin inflammation 93, 95, 96. 

We like to stress that the purpose of our study is not to show that the neutrophil 

CXCR4/CXCL12 axis is more important in psoriasis than the IL-17/IL-23 axis, the 

importance of which has been shown in multiple studies and clinical trials 97, 98, 99.  

Instead, we are characterizing an inflammatory circuit involving neutrophils to 

determine their role, and that of CXCR4/CXCL12, in psoriasis pathogenesis. Our 

additional data demonstrated that the expression of both CXCL12 and CXCR4 was 

upregulated in inflamed skin of IMQ-induced skin inflammation (revised Fig. 7a), with 
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CXCR4 being primarily found on infiltrating neutrophils (revised Fig. 7b). Serum 

CXCL12 level was also elevated in IMQ mice compared to control (revised Fig. 7c). 

Treatment with the CXCR4 antagonist AMD3100 or CXCL12 neutralizing antibody 

potently suppresses skin inflammation in IMQ mice, associated with reduced vascular 

remodeling and inflammatory cell infiltration (revised Fig. 8).  

Therefore, our findings on the role of CXCR4/CXCL12 are clear from the data 

presented in our manuscript. We also performed a variety of interventions centered on 

CREB1-CXCR4hi neutrophils. KG-501 inhibited CREB1 activation in psoriatic 

neutrophils, AMD3100 or CXCL12 neutralizing antibody blocked the CXCL12-

CXCR4 axis and accumulation of CXCR4hi neutrophils, and DNaseI removed the 

formed NETs as we previously reported 93; all of these agents prevented skin 

inflammation to varying degrees, with potential clinical applications. Undoubtedly, 

conditional knockout mice are needed to further confirm the importance of the CREB1-

CXCR4hi neutrophils axis, which is the direction for our future research. We want to 

stress that this knockout is not readily available (we have reached out to several groups 

without success), and generating a new knockout mouse line would end up delaying 

our publication by at least 1 year. It would be unlikely that the use of KO mice would 

add much more to our paper than what we have already demonstrated with the specific 

inhibitor and monoclonal targeting antibodies. Instead, and we hope that the reviewer 

will find this acceptable, we have added this to our Discussion as one of the limitations 

of our data/findings in our revised manuscript. 

Revised Fig. 7a-c. (a) Relative mRNA expressions of CXCR4 and CXL12 in mice tissues. (b) 

Proportion of Ly6G+CXCR4hi neutrophils in murine skin was determined by flow cytometry. 

(c) Serum level of CXCL12 in control and IMQ-treated mice. Mean ± SD (n = 6 biologically 

independent samples/group). Analyses: unpaired Student’s t-test in a, b, and c. * P < 0.05, ** 

P < 0.01, *** P < 0.001, ns, not significant; IMQ, imiquimod.

14) Circadian rhythm have been earlier shown to affect CXCR4 expression, i.e., aging 

in the blood. Were all blood samples collected at a similar time of the day? When? 
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Response: We agree with the reviewer that circadian rhythm may affect CXCR4 

expression in neutrophils and we considered this when implementing this project. All 

blood samples in this study were collected at 7:00 - 8:00 am and immediately processed 

for cell isolation and serum collection. Then isolated neutrophils were processed 

immediately for the next experimental steps and serum was frozen at -80°C. Moreover, 

all selected participants in this study reported both regular work schedules and sleep-

wake patterns in the preceding 4 weeks. As neutrophil stimulation assays were 

performed at different times of the day, the data regarding percentages of CXCR4hi

neutrophils or CXCR4 expression were normalized by calculating the ratio between the 

values of samples containing stimulus and the values of samples with corresponding 

controls in each test. We have added and underlined these details in our revised Method 

section to increase the clarity of this study design. 

Recent data suggest that the trafficking and recruitment of leukocytes are rhythmic 

during light-dark cycles, both under physiological conditions and during inflammation 
100. Previous studies have shown that circulating neutrophil counts peak between 20:00 

and 2:00 in humans 101, 102. It is also reported that in humans and in mice, the proportion 

of CXCR4 labeled aged neutrophils is relatively high in the evening and relatively low 

in the morning, and no difference in the proportion of aged/young cells was observed 

in samples obtained at 7 am 103, 104. Therefore, CXCR4 expression is relatively low at 

7:00 - 8:00 am in the morning compared to different times of the day, and we collected 

all blood samples at 7:00 - 8:00 am and immediately processed them for cell isolation 

and serum collection, which would not affect the overall conclusions in our study. This 

is also the reason why we did not treat human neutrophils for prolonged periods of time 

in the in vitro settings, as CXCR4 expression will increase along with time. 

Therefore, we have added text to address this in our revised Method and Discussion 

section.
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Reviewer #2 (Remarks to the Author):

Chen, Bai, Zhu et al describe proinflammatory CXCR4+ neutrophils in psoriasis as 

relevant immune cells orchestrating skin inflammation. They use state-of-the-art 

techniques to address a relevant question in a cutaneous inflammation and use elegant 

experiments to show that neutrophils up regulate CXCR4 in response to 

proinflammatory stimuli, are recruited to skin via CXCL12 produced by endothelial 

cells and induce vascular damage by lactate. They furthermore describe CREB1 as 

transcription factor relevant for their pro inflammatory phenotype. The relevance of 

their data from psoriasis patients is corroborated with a mouse model for acute 

psoriasiform inflammation, where inhibition of neutrophils, CXCR4 or its ligand 

reduced inflammation. 

Response: We appreciate these positive comments and helpful suggestions. We have 

collected additional psoriasis patient samples for RNA-sequencing and all the other 

functional experiments that were noted with a limited sample size of n = 3. Now the 

sample size is at minimum n = 6 or more in each experiment. We also performed 

additional experiments including multi-staining of psoriatic skin lesions and provided 

additional details including patient demographics, sample size, representative FACS 

dot plots, and quantification of immunofluorescence and Western blot to increase the 

clarity of this manuscript.

While these observations are of potential interest, the following points need to be 

addressed in a revised manuscript: 

1) Patient details should be described in more detail and, given low patient number, be 

presented for the individual figures as supplements, including age, comorbidities, BMI, 

and disease duration. In general, patient numbers need to be added to the Figure legends 

for the individual figures. 

Response: We agree with the reviewer. We have now added the patient details for the 

blood samples used in this work (see the Methods section). The median age of psoriasis 

patients was 32.2 yrs, whereas healthy controls were 30 yrs. Other available clinical 

information including age, comorbidities, BMI, and disease duration are indicated in 

revised Table S1.

2) In Fig.3, patient numbers for sequencing are too low (n=3 and 4 for healthy controls 

and psoriasis patients, respectively). Also, it should be mentioned if patients with short 

disease duration have another signature compared to chronic psoriatic patients. It could 
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be that the reported information on neutrophils is especially important in acute 

inflammation and less so in patients with a long disease duration. 

Response: We thank the reviewer for these helpful suggestions. To address this, we 

have recruited additional psoriasis patients and healthy volunteers, and collected blood 

samples for isolating CXCR4hi and CXCR4lo neutrophils for RNA-seq analysis. The 

inclusion and exclusion criteria are now clearly detailed and underlined in the Method 

section. We re-analyzed the RNA-sequencing of CXCR4hi and CXCR4lo neutrophils (n 

= 6 for psoriasis patients and n = 7 healthy controls) (see revised Fig. 3), and replaced 

the graphs shown previously in Fig. 3. Patient demographics, including age, 

comorbidities, BMI, and disease duration are shown in revised Table S1.

We agree with the reviewer’s suggestion that exploring the relationship of CXCR4hi

neutrophils in psoriasis patients against disease duration might add clinical and 

translational value. However, it is hampered by the fact that the onset of inflammatory 

disease is often difficult to determine and delays for these patients to gain access to our 

specialty dermatology clinics. Also, to our knowledge, there is no firm definition of 

"short duration" of psoriasis, and we'd need a very large cohort of patients to adequately 

address this. In our study (in Fig. 1c, d), 21 psoriasis patients were included with a 

disease duration of 0.5-16 years. To further substantiate our finding, we recruited 

additional patients and divided them into three groups based on disease duration: less 

than 5 year, 5-10 years, and longer than 10 years, and then evaluated the frequency of 

CXCR4hi neutrophils. Our data suggest that the ratio of CXCR4hi neutrophils is not 

associated with disease duration (revised Supplementary Fig. 1c), but positively 

correlated with psoriasis severity as measured by PASI (shown in revised Fig. 1d).

Based on these additional findings, we have added sentences in the Result and 

Discussion section related to the effect of disease duration on CXCR4hi neutrophils. All 

the experimental details were added in Method section and corresponding Figure 

legends.
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Revised Supplementary Fig. 1c. (c) Correlation of the percentage of psoriatic CXCR4hi

neutrophils with disease durations (n = 25). Analyses: The Spearman method (left) and one-

way ANOVA with Tukey’s posthoc test (right). ns, not significant.

3) Please show representative FACS dot plots for Fig. 3e. 

Response: We have shown representative FACS dot plots for Fig. 3e in revised 

Supplementary Fig. 4e, as well as representative gating strategies for all the other FCM 

experiments (revised Supplementary Fig. 1a, 1b, 1e, 2a-c, 3d, 4e, 4f, 7a, b, 9a, b, 10a, 

12a, 13f, 16a-b, and 17a, b).

4) While it is nicely shown that CXCR4+ neutrophils modulate vascular permeability 

in HMEC-1 cells via the lactate-GPR81 axis, it's relevance in psoriatic skin lesions 

remains to be assessed. Is GPR81 expressed by endothelial cells in psoriatic skin lesions 

with CXCR4+ neutrophils being in close contact? 

Response: Thank you so much for this suggestion. We have co-stained psoriatic skin 

with CD31, GPR81, and CXCR4 to better show the relevance of the lactate-GPR81 

axis. The staining results demonstrated that GPR81 was mainly expressed by CD31-

positive endothelial cells in psoriatic skin (left) with CXCR4hi neutrophils being in 

close proximity (right) (revised Fig. 4i). This is in agreement with our findings that 

CXCR4hi neutrophils modulate vascular permeability in HMEC-1 cells via the lactate-

GPR81 axis. We have revised our Figures and Result to reflect these findings. 

Revised Fig. 4i. (i) Confocal images of CD31 and GPR81 in psoriatic lesions (n = 6) with 

CD15+CXCR4hi neutrophils adjacent to GPR81+ vascular endothelial cells. Scale bar = 50µm, 

20µm. 

5) While the representative picture in Fig 5f shows some p-CREB1/CD15 double 

positive cells, it is hard to make the conclusions from a single picture. Please quantify 

p-CREB1/CD15 double positive cells in psoriasis and show co-localization of pCREB1 

and CXCR4 in skin lesions similar to blood neutrophils. 
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Response: Thank you so much for this suggestion. To address this, we have co-stained 

CD15, CXCR4, and p-CREB1 in lesional skin of psoriasis patients and quantified these 

(revised Supplementary Fig. 9c). This result demonstrated that p-CREB1 was increased 

and co-localized with CD15, a neutrophil marker, as well as CXCR4, in inflamed 

psoriatic skin (revised Fig. 6f).

Revised Supplementary Fig. 9c, d. (c) Representative immunofluorescence staining of CD15, 

CXCR4, and p-CREB1 in inflamed psoriatic skin (n = 6). Scale bar = 50 µm, 10 µm. (d)

Quantitation of p-CREB1/CD15 and p-CREB1/CXCR4 double positive cells in psoriatic 

lesions. Mean ± SD (n = 6 biologically independent samples/group). Analyses: one-way 

ANOVA with Tukey’s post hoc test. HC, healthy control; Pso, psoriasis patients.
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Reviewer #3 (Remarks to the Author): 

CXCR4 is known as a key modulator of neutrophil trafficking between tissues, 

peripheral blood, and the bone marrow and a subset of neutrophils with high CXCR4 

surface expression was recently shown to play an important role in inflammation-

related lung injury. In the current study, Chen and colleagues demonstrate a pro-

inflammatory role of CXCR4-expressing neutrophils in psoriatic skin inflammation and 

investigate the underlying mechanims that drive this pathological neutrophil phenotype 

and that promote CXCR4 expression. The manuscript contains interesting and novel 

data, e.g. along the connection between CXCR4 expression and the transcription factor 

CREB1, and is a valid improvement over current knowledge, strengthening our insight 

into the plasticity of neutrophils during inflammation. 

Response: We thank the reviewer for these helpful suggestions. To address comments 

below, we have performed additional experiments including scRNA-seq analysis and 

multi-staining of psoriatic lesions, expression kinetics and internalization of CXCR4 in 

response to CXCL12 and other cytokines, NET formation, phagocytosis experiments, 

and early and late apoptosis analysis. Moreover, we have provided details in the revised 

Figure legends and Method section and corrected inappropriate labels and sentences. 

These additional experiments show that: 

(1) Endothelial cells, fibroblasts, and pericytes are the main sources of CXCL12 in skin 

lesions of psoriasis (revised Fig. 5d, Supplementary Fig. 7c, d)

(2) The dynamic changes of CXCR4 protein expression on the membrane of CXCL12-

induced neutrophils may be caused by CXCR4 internalization (revised Fig. 5f-h) 

(3) Psoriatic CXCR4hi neutrophils are more prone to release NETs upon PMA than 

healthy CXCR4hi neutrophils, or CXCR4lo neutrophils (revised Fig. 2e, Supplementary 

Fig. 3a, b) 

(4) CXCR4hi neutrophils exhibit a higher phagocytic potential compared to CXCR4lo

neutrophils in both psoriasis patients and healthy controls (revised Fig. 2f, g) 

(5) CXCR4hi neutrophils show a higher rate of early apoptosis than CXCR4lo

neutrophils, which is further enhanced in the psoriasis group (revised Fig. 2c, 

Supplementary Fig. 2b). 

We also have added the reported new findings about CXCR4 in lung injury 105 and 

neutrophil heterogeneity and plasticity to our Discussion section. All changes are 

underlined.

I have some specific questions and comments that could further improve the manuscript: 
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1) The Figure legends and the text in general need more experimental details to 

understand what is exactly shown and how it could be interpreted. For example, group 

sizes (n per group) should always be stated. A few specific examples of missing 

information to follow: 

Fig. 1G: How many samples were tested? 

Fig. 2B: What´s the color scale? Z-score? 

How was NET formation assessed in Fig. 2E? 

Fig. 2H: How many samples were tested? 

Fig. 3A: Should the heading read CXCR4hi vs CXCR4lo? 

Fig. 3B: Are the top most significant genes shown in the heatmap or an arbitrary 

selection of genes? 

Fig. 3C: Can you show normalized enrichment scores for differentially regulated 

pathways, in order to see the direction of the effects? 

Response: We thank the reviewer for bringing these points to our attention. In the 

revised manuscript, we have addressed these concerns as shown below:

Fig. 1G: the sample size is n = 30 fields from 10 psoriasis patient samples;

Fig. 2B: The color scale is log-transformed mean fluorescence intensity, as described 

in the legend;

The method for assessing NET formation was detailed in the supplementary 

Method section.

Fig. 2H: n = 6;

Fig. 3A: we have revised the heading to read CXCR4hi vs CXCR4lo;

Fig. 3B: The top-most significant genes are shown in the heatmap;

Fig. 3C: Normalized enrichment scores were shown for differentially regulated 

pathways in Supplementary Fig. 4b.

Moreover, we have increased the sample size in RNA-seq and functional experiments, 

and more experimental details were described in the corresponding Figure legends and 

Method section. Due to the limited space, we have removed some detailed methods to 

the Supplementary files. All the changes are underlined.  

2) Suppl. Fig. 1C: The authors claim that CD31+ vascular endothelial cells are the main 

source of the CXCR4 ligand CXCL12 in inflamed skin. In Suppl. Fig. 1C it looks like 

basically all CXCL12-expressing cells are CD31 positive. This is a bit surprising, 

because CXCL12 expression was also reported in other skin resident cell types such as 

keratinocytes and dermal fibroblasts. Can the authors quantify how many % of 
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CXCL12+ cells are CD31+ and how many independent skin samples they actually 

investigated? 

Response: Thank you for this comment. To address this, we have re-analyzed publicly 

available scRNA seq data from psoriatic lesional and healthy controls, as previously 

reported 106. This demonstrated that CXCL12+cells are increased in psoriatic lesions, 

among which endothelial cells (12.37%), fibroblasts (73.87%), and pericytes (7%) were 

the main sources of CXCL12 in psoriasis lesions (revised Supplementary Fig. 7c, d). 

We further find that CXC12 is increased in VE3 (vessel endothelial cell cluster 3) in 

psoriatic lesions compared to healthy controls (revised Supplementary Fig. 7c). VE3 

was identified as the postcapillary venular cells regulating leukocyte adhesion and 

migration, with higher frequency in atopic dermatitis and psoriasis skin and with a 

reduction after treatment 106. Moreover, we performed additional immunofluorescence 

co-staining of CXCL12 and the endothelial marker CD31 and fibroblast marker 

vimentin in psoriatic lesions and healthy skin (n = 6) to quantify CXCL12+cells. The 

immunofluorescence staining further showed that CXCL12 was mainly expressed by 

cutaneous vascular endothelial cells and fibroblasts (revised Fig. 5d), with CXCR4hi 

neutrophils in close proximity (revised Fig. 5e). Therefore, we have added this data to 

the Results and addressed this further in our revised Discussion.

Revised Supplementary Fig. 7c, d. CXCL12 is mainly derived from vascular endothelium 

and fibroblasts in psoriatic lesions. (c-d) Expressions of CXCL12 in each cluster were 
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analyzed from scRNA-seq analysis (https://developmental.cellatlas.io/diseased-skin) and the 

proportions were determined. The y-axis represents log-normalized expression. 

Revised Fig. 5d. (d) Representative immunofluorescence staining of CD31, Vimentin, and 

CXCL12 in inflamed psoriatic skin (n = 6). Scale bar = 50 µm, 20 µm. (e) Representative 

immunofluorescence staining of CD31, CXCR4, and CXCL12 in inflamed psoriatic skin (n = 

6). Scale bar = 50 µm, 20 µm.   

3) The upregulation of surface CXCR4 after CXCL12 exposure is also a bit puzzling, 

since CXCR4, like other chemokine receptors, is internalized following ligand binding 

and receptor activation. Or isn´t it? Can the authors please clarify and discuss? 

Response: Thank you for this helpful comment. This question was also raised by 

Reviewer 1. To address this, we treated healthy neutrophils with TNF-α, IL-25, or 

CXCL12 for the indicated time (2, 4, 8, 12, 24 h) and examined the mRNA and protein 

expression of CXCR4 in neutrophils. Real-time PCR results showed that the mRNA 

expression of CXCR4 in human neutrophils was increased at 2h with stimulation of 

either TNF-α, IL-25, or CXCL12, reaching peak level at 24h (revised Fig. 5f). 

Furthermore, flow cytometry analysis showed time-dependent protein overexpression 

of CXCR4 on neutrophil cell surface upon TNF-α, IL-25, or CXCL12 stimulation at 

early timepoints (<8 h), although lower in the CXCR12-treated group beyond 8h 

(revised Fig. 5g). We believe that the changes in CXCR4 protein expression on the 

membrane in response to CXCL12 are likely caused by CXCR4 internalization. 

Therefore, we further employed cell immunofluorescence to observe the intracellular 

trafficking of CXCR4 in neutrophils treated with CXCL12 or vehicle for 12 h. 

Following stimulation and fixation, cell IF showed high levels of colocalization 

between CXCR4 and lysosomal protein LAMP1, but not in vehicle-treated neutrophils 

(revised Fig. 5h). These data demonstrate CXCL12 elicits an intracellular itinerary that 

facilitates the degradation of CXCR4 in terminal endocytic compartments. It is reported 

that the CXCR4-CXCL12 axis and internalization, as well as lysosomal degradation of 

CXCR4, are regulated by complicated posttranslational modifications, including 

phosphorylation and ubiquitination 46. The rare autoimmune disease WHIMS is caused 
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by impaired desensitization and internalization of CXCR4, leading to enhanced 

chemotactic responsiveness to CXCL12 107. 

Therefore, in this study, we have demonstrated that CXCR4 was upregulated in 

psoriatic neutrophils, correlating with disease activity. The immune microenvironment 

that includes TNF-α, IL-25, or CXCL12 may increase the expression of CXCR4 in 

neutrophils and skew this CXCR4hi neutrophils phenotype, and CXCR4 will be also 

internalized in response to CXCL12. However, the intracellular trafficking of CXCR4 

in neutrophils in psoriasis warrants in-depth investigation. We have added this to our 

supplementary Figures and have expanded on our discussion to address this.  

4) As far as I understood only spontanous ROS production and NET formation was 

assessed in the manuscript, which is known to correspond to neutrophil activation. 

Were the NETs in Suppl. Fig. 2B quantified? Have the authors also looked into induced 

ROS/NET formation by e.g. PMA or calcium ionophore? 

Response: As suggested by the reviewer, we have quantified NETs formation in Suppl. 

Fig. 3b in previous version, which shows that psoriatic CXCR4hi neutrophils 

spontaneously release greater than 2- fold the number of NETs compared to psoriatic 

CXCR4lo neutrophils or neutrophils from healthy controls (revised Fig. 2e). The 

method for assessing NET formation was detailed in the supplementary Method section.

Additionally, we have performed experiments to measure ROS production by 

neutrophils under spontaneous and phorbol 12-myristate 13-acetate (PMA)-stimulated 

conditions using the Amplex Red assay. We found that CXCR4hi neutrophils of 

psoriasis patients produced higher levels of ROS than CXCR4lo neutrophils or 

neutrophils from healthy controls, which was further enhanced by PMA stimulation 

(revised Fig. 2d, Supplementary Fig. 2c). We also evaluated the formation of NETs in 

CXCR4hi/ CXCR4lo neutrophils in response to PMA. NETs formation was observed to 

be increased in PMA-stimulated CXCR4hi neutrophils compared with that in CXCR4lo

neutrophils and was also dramatically increased in PMA-stimulated CXCR4hi 

neutrophils from psoriasis patients compared with that from normal controls. In contrast, 

NETs formation was much lower in unstimulated CXCR4lo neutrophils (revised Fig. 2e, 

Supplementary Fig. 3a, b). We have revised the Result section, with all changes 

underlined.

5) Chronic inflammation and collateral tissue damage is often considered the dark side 

of immune function essential for defence against pathogens. In line with that, a 
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subpopulation of CXCR4HI neutrophils constitute the first line of defence against 

bacteria by rapidly migrating towards invading pathogens and being able to more 

efficiently phagocytose them (PMID 27609642). However, in the current manuscript 

the authors show that CXCR4HI neutrophils have a reduced ability to phagocytose. 

How can these data be reconciled? 

Response: Thank you for this helpful comment. To address this, we have repeated the 

NET formation and phagocytosis experiments as previously reported 108. Briefly, to 

evaluate the phagocytic behavior of CXCR4hi and CXCR4lo neutrophils from psoriasis 

patients and healthy controls (n = 6), phagocytosis of pHrodo™ Green E. coli was 

analyzed in vitro by flow cytometry. The results show that phagocytosis of bioparticles 

did not significantly differ between CXCR4lo neutrophils of psoriasis patients and 

healthy controls; however, CXCR4hi neutrophils exhibited a significantly higher 

phagocytic potential as compared with CXCR4lo neutrophils in both psoriasis and 

healthy control groups (revised Fig. 2f, g, Supplementary Fig. 3c, d). The phagocytic 

potential of CXCR4hi and CXCR4lo neutrophils for E. coli bioparticles was analyzed 

and is detailed in our revised Methods section. We have revised our Result and Method 

section with all changes underlined.

Revised Fig. 2f, g. The phagocytic potential of CXCR4hi and CXCR4lo neutrophils for E 

coli bioparticles. (f, g) Neutrophils were incubated with pHrodo™ Green E. coli to measure 

phagocytosis, and analyzed by immunofluorescence staining (f) and flow cytometry (g). Data 

are mean ± SD (n = 6 biologically independent samples/group). Analyses: two-way ANOVA 

with Tukey’s posthoc test. * P < 0.05, ** P < 0.01, *** P < 0.001, ns, not significant. HC, 

healthy control; MFI, mean fluorescence intensity; neu, neutrophils; Pso, psoriasis patients.

6) The neutrophil survival time in culture seems pretty long (Fig. 2C). After 24h 

roughly 90% of neutrophils are still intact. The authors state themselves that neutrophils 

have a short lifetime and survive less than 24h in vivo in the circulation. 

Response: Thank you for this question. The lifespan of human neutrophils is relatively 

short (less than 24h) but may last up to 5.4 days 109, 110. We also cultured healthy 
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neutrophils in vitro for the indicated time and evaluated their cell viability via 

AnnexinV-7-AAD analysis. Our AnnexinV- AnnexinV results showed that the early 

apoptosis rate of neutrophils was about 14.86%, 47.04%, 67.36%, and 68.24% at 12 h, 

24 h, 48 h, and 72 h, respectively (Figure R4). However, in vitro culture and in vivo

environment are different, and future research is needed to adequately perform in vivo 

tracking and neutrophil survival.

Figure R4. Early and late apoptosis of healthy neutrophils in vitro. Flow cytometry analysis 

for Annexin V-7-AAD binding to healthy neutrophils (n=5) that culture in vitro for indicated 

time.

During inflammation and activation, the survival time of neutrophils may increase 111. 

This ensures the continued presence of primed neutrophils at the site of infection. 

Activation of neutrophils occurs through a variety of cytokines and growth factors 

and/or bacterial products 112. There are situations where mature neutrophils (as defined 

by terminally differentiated cells with segmented nuclei and fully formed granules) are 

able to proliferate outside the bone marrow in response to molecules such as serum 

amyloid A 113 or in the spleen following an infection 114. Moreover, tracking photo-

activated neutrophils in mice that entered injured tissue records a neutrophil lifespan as 

long as 48 h 115. We performed additional experiments to detect the early and late 

apoptosis of CXCR4hi neutrophils in normal control and psoriasis patients. This showed 

that the percentage of early apoptotic cells was higher in psoriatic CXCR4hi neutrophils 

than that in healthy controls, both at 0h and 24 h, however, no significant difference in 

late apoptosis was observed between psoriatic CXCR4hi neutrophils and healthy 

controls (revised Fig. 2c). Therefore, we have revised our statements about neutrophil 

lifespan in our revised manuscript and revised the Result section and Discussion.

Minor comments: 
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7) There are a number of typos and small flaws in the text and the figures, e.g. 

„amplify“ in the abstract (line 33), „slightly“ (line 239), „subcutaneously“ (line 257), 

„occuldin“ throughout Fig. 4, „MFI“ and „MIF“ being used for mean fluorescence 

intensity etc. 

Response: Thank you so much for this reminder. We have carefully checked the 

spelling errors and substantially revised our manuscript, with all changes underlined. 
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REVIEWER COMMENTS

Reviewer #1 (Remarks to the Author):

Clearly, the authors have put in impressive effort in supplementing the manuscript with new 

data/sections/supplements. Unfortunately, these additions make the manuscript even 

harder to follow and clear information re (in my opinion) critical things is lost. I am still not 

convinced that CXCR4hi neutrophils are really a subtype with distinct functional features, or 

that CXCR4 is even the best marker to define the activated neutrophils found in psoriasis. 

Reviewer #2 (Remarks to the Author):

The authors sufficiently addressed all criticisms and have substantially improved the revised 

manuscript. I have no further remarks and recommend to accept the manuscript for 

publication. 

Reviewer #3 (Remarks to the Author):

After reading the revised version I have still a few questions and remarks: 

1. Revised Figs. 5d & 5e: Since the overlay between and green (Vimentin+CXCL12+ or 

CXCR4+CXCL12+, respectively) results in yellow color, yellow is not the best choice for 

showing expression of CD31. In fact, it is hardly possible to make out in these images if there 

is strong CXCL12 expression in CD31+ cells. 

2. Can you give an explanation why 3 data sets (CXCL12-expression, cell death in CXCR4LO vs 

CXCR4HI cells and phagocytosis are so fundamentally different in the revised version as 

compaared to the original version of the manuscript? 

3. Typo: Line 290: CXCR12-treated group. 



Reviewer #4 (Remarks to the Author):

The authors did an exceptional job in responding to Reviewer #1's concerns. However, the 

reviewer has issue with the title of the manuscript, which states that CXCR4+ PMN-

mediated skin inflammation occurs via glycolysis. Although the authors have shown that the 

CXCR4+ PMNs are associated with increased glycolytic activity and markers, nowhere in the 

manuscript was it shown that CXCR4+ PMN glycolysis was mechanistically relevant to skin 

inflammation. This was somewhat shown in an in vitro assay by blocking lactate, but not in 

vivo using glycolytic deficient PMNs. Therefore, the title should be modified to appropriately 

reflect the conclusions of the data. For example, CREB1-driven CXCR4hi neutrophils 

orchestrate skin inflammation.



Point-by-point response 

Reviewer #1

Clearly, the authors have put in impressive effort in supplementing the manuscript with new 

data/sections/supplements. Unfortunately, these additions make the manuscript even harder to follow and 

clear information re (in my opinion) critical things is lost. I am still not convinced that CXCR4hi neutrophils 

are really a subtype with distinct functional features, or that CXCR4 is even the best marker to define the 

activated neutrophils found in psoriasis. 

Response: Thank you so much for your comments. We have taken additional steps to try to address your 

concerns and to further strengthen our conclusions, we have added new explanations and clarifications as 

noted below. 

Neutrophil classification has traditionally relied on morphology or gradient separation, which while simple and 

robust do not capture the full repertoire of the neutrophil compartment. Some neutrophil subpopulations 

overlap, making nomenclature confusing and contributing to controversies regarding neutrophil function and 

ontogeny. In addition, the exact function of some neutrophil subpopulations and the molecular bases of 

heterogeneity are varied and remain elusive 1, 2. Single-cell sequencing studies have found that neutrophils 

exhibit a variety of gene expression patterns depending on their developmental stage, activation status, and 

tissue microenvironment 1, 3. For example, only neutrophils show tissue specificity among immune cells 

infiltrating the lungs, and the pulmonary microenvironment leads to their maturation and aging 4. These 

findings suggest that specific micro-environmental stress may trigger neutrophil heterogeneity. The 

inflammatory immune microenvironment in psoriasis is both complex and variable, which provides the 

possibility for contributing to neutrophil heterogeneity. The limitation of our study arises from the current 

technical inability of single-cell RNA-sequencing to adequately capture infiltrating neutrophils in psoriatic 

lesions to decipher their reprogramming due to their frailty and cell death. Moreover, the mechanisms 

underlying neutrophil heterogeneity in pathological states, such as in trained immunity 5, require additional 

multi-omics analyses and verification of the mechanism(s) in future studies. 

Single-cell analyses from mouse lungs also show that exposure to low LPS dose upregulates their expression 

of CXCR4, and CXCR4hi neutrophils release NETs to mediate allergic asthma, indicating that environmental 

risk factors may shape neutrophil recruitment in the lung to promote the initiation of allergic asthma6. CXCR4+ 

neutrophils have further been shown to exhibit over-activation, up-regulation of CD11b, enhanced secretion, 

phagocytosis, and NET production6, 7. Though we haven’t observed a separate and distinct clustering marked 

with CXCR4 on psoriatic neutrophils using flow cytometry, we observed a significant increase of CXCR4 on 

neutrophils having enriched pro-inflammatory functions. Our results, therefore, highlight the importance of 

CXCR4hi neutrophils in vivo and in vitro, in inducing vascular remodeling and permeability, facilitating 

infiltration of immune cells into tissues, as well as promoting a heightened inflammatory state. Moreover, our 

data highlight the pathogenic and potential therapeutic value of a novel neutrophil CXCR4/CXCL12 axis in 

inflammatory skin diseases.  

To address your concerns, we have substantially revised the manuscript, revised the Result section to 

increase readability, and replaced words such as “distinct” and “unique” to describe this neutrophil phenotype 

in our revised manuscript. All changes are underlined. We hope that the reviewer will find our changes and 

revision adequate and satisfactory.  



Reviewer #2 

The authors sufficiently addressed all criticisms and have substantially improved the revised manuscript. I 

have no further remarks and recommend to accept the manuscript for publication. 

Response: We really appreciate your suggestions and comments, which are very valuable and helpful for 

revising and improving our manuscript.

Reviewer #3 

After reading the revised version I have still a few questions and remarks: 

1. Revised Figs. 5d & 5e: Since the overlay between and green (Vimentin+CXCL12+ or CXCR4+CXCL12+, 

respectively) results in yellow color, yellow is not the best choice for showing expression of CD31. In fact, it 

is hardly possible to make out in these images if there is strong CXCL12 expression in CD31+ cells.  

Response: Thank you so much for these helpful comments. To address this, we have changed the color of 

each marker and we also changed the presentation strategy to try to make the result more accessible to the 

readers, which is shown below in our second revised Figure 5d and 5e. In Figure 5d, CD31 is marked in red 

and vimentin is shown in green, both of which co-localize with CXCL12 (yellow), indicating that CXCL12 is 

derived from fibroblasts and endothelial cells in psoriatic skin. In Figure 5e, CD31 and CXCL12 are marked 

with red and yellow, respectively, and CXCR4 is shown in green, demonstrating that vascular endothelial 

cells express CXCL12, with CXCR4hi cells in close proximity. 

Revised Figure 5d, 5e. (d) Representative immunofluorescence staining of CD31, Vimentin, and CXCL12 

in inflamed psoriatic skin (n = 6). Scale bar = 50 µm, 20 µm. (e) Representative immunofluorescence staining 

of CD31, CXCR4, and CXCL12 in inflamed psoriatic skin (n = 6). Scale bar = 50 µm, 20 µm. 

In addition to Figure 5d, we provide additional data to demonstrate that CD31 expresses CXCL12, as shown 

in Figure R1. Importantly, as Supplementary Fig. 7c and 7d show, scRNA seq analysis of publicly available 

data from psoriatic lesions and healthy controls show that CXCL12 is mainly derived from endothelial cells, 

fibroblasts, and pericytes in psoriasis lesions, which is consistent with our multiple-color immunofluorescence 

results. 



Figure R1. Representative immunofluorescence staining of CD31 (red) and CXCL12 (yellow) in inflamed 

psoriatic skin. Scale bar = 50 µm, 20 µm. 

2. Can you give an explanation why 3 data sets (CXCL12-expression, cell death in CXCR4LO vs CXCR4HI 

cells and phagocytosis are so fundamentally different in the revised version as compaared to the original 

version of the manuscript? 

Response: Thank you for this comment. We apologize for this not being clear. For the three data sets in the 

first revised version, we have addressed this comment point-by-point (see response below). The description 

in the Result section of the original submission is shown in italic to increase clarity, and related figures and 

method details in the two versions are shown for comparison.

1) CXCL12-expression: 

In our initial submission, there was limited emphasis or focus on CXCL12 expression, with our data limited 

to IF co-staining on skin lesions to detect CXCL12 expression (see Figure above from the original submission, 

top left). In response to the comments from reviewer #3, we explored and expanded on this in our Revised 

manuscript via analyses of publicly available scRNA-seq data (see results from the analysis below and in our 

revised manuscript) and adding multi-color IF to quantify CXCL12+ cells in psoriatic lesions (see new panel 

above, top right).   

In our initial (Original) submission, we stated that: “Tissue IF showed co-localization of the endothelial marker 

CD31 with CXCL12 in inflamed dermis (Supplementary Fig. 1c), indicating that vascular endothelial cells 

were the main source of CXCL12 in inflamed psoriatic skin.” In our revised submission, we stated that: “We 

then re-analyzed publicly available scRNA seq data from psoriatic lesions and healthy controls, as previously 

reported. This demonstrated that CXCL12+ cells are increased in psoriatic lesions, among which endothelial 

cells (12.37%), fibroblasts (73.87%), and pericytes (7%) were the main sources of CXCL12 in psoriasis 

lesions (Supplementary Fig. 7c, d). Multiple-color immunofluorescence also revealed that CXCL12 

immunoreactivity co-localized prominently with endothelial cells marked by CD31 and fibroblasts marked by 



vimentin (Fig. 5d) and demonstrated the colocalization of CXCL12 and CD31+ endothelial cells with CXCR4hi

neutrophils in close proximity in psoriatic lesions (Fig. 5e).”

To make the comparisons clear between the initial and revised version clear, we have a side-by-side 

comparison of the images from our initial (Original) submission and the first Revised submission (see figure 

above). Please note that there was one error in the first Revised figure that had to do with a mistake in 

exporting the images from the ZEN software (Zeiss), which may have made the image confusing (giving the 

co-localization a purple color instead of a red one). We apologize for this being unclear. Based on your 

comments, we not only corrected the error, but also changed the color of each marker in the second Revised 

submission to avoid causing ambiguity.  

Method: In the original submission, immunofluorescence co-staining was performed using the following 

antibodies: CD31 (ab199012, Abcam) and CXCL12 (ab155090, Abcam). In the first Revised submission, 

multiplex fluorescence staining was employed with relatively complicated steps, as detailed in the 

Supplementary Method section, using the following antibodies: CD31 (ab199012, Abcam), Vimentin 

(ab16700, Abcam), and CXCL12 (17402-1-AP, Proteintech). We used another CXCL12 antibody in the 

revision due to the quick shipment, but overall, the staining pattern is the same. This information was provided 

in our revised submission. 

New data provided for this specific aspect is the single-cell data analyses provided below (and see associated 

supplementary figure legend).  

Revised Supplementary Fig. 7c, d. ScRNA seq analysis of publicly available data from psoriatic lesions 

and healthy controls demonstrated that CXCL12+ cells were increased in psoriatic lesions, and CXCL12 was 



mainly derived from endothelial cells (12.37%), fibroblasts (73.87%), and pericytes (7%) in psoriasis lesions, 

which was consistent with our multiple-color immunofluorescence results. 

We want to emphasize that the findings are consistent between our initial (Original) version and the 

first and second submitted Revised version.  

2) Cell death in CXCR4LO vs CXCR4HI cells:

In the first Revision, as suggested by Reviewer#1 and Reviewer#2, we increased the sample size and 

repeated the experiments, obtained similar/same results, and added a detailed description of cell viability and 

apoptosis in the revised supplementary materials.  

In our initial (Original) submission, we stated that: “To further validate the phenotype of CXCR4hi neutrophils, 

neutrophil survival rate after 24 hours of culture in vitro was evaluated via 7-AAD staining. This showed a 

decreased survival rate of psoriatic CXCR4hi neutrophils compared to the other two groups (Fig. 2c).” 

In our first Revised submission we stated: “To further validate the phenotype of CXCR4hi neutrophils, 

neutrophil survival rate after 24 hours (h) of culture in vitro was evaluated via Annexin V-7-AAD staining. This 

showed an increased early apoptotic rate of psoriatic CXCR4hi neutrophils compared to the other two groups 

(Fig. 2c, Supplementary Fig. 2b).”

We apologize for the confusion, but the difference here is in regard to the different presentation of these 

results. In our original submission, the Y-axis showed the cell survival rate (7-AAD staining negative); while 

in the revised submission, the Y-axis showed the early (AnnexinV+/7-AAD-) and late apoptosis (AnnexinV+/7-

AAD+). For instance, the cell survival rate of psoriatic CXCR4hi neutrophils at 24 h was about 69.5% 

(Original); and the early apoptosis rate of psoriatic CXCR4hi neutrophils at 24 h is 26.5%, late apoptosis rate 

is 4.42% (Revised). The survival cells are those that have not undergone apoptosis. Thus, these results are 

consistent between our initial submission and our revised version submitted. 

Method: In the Original submission, neutrophil survival rate in vitro was evaluated via 7-AAD staining. In the 

Revised submission, cell viability and apoptosis assays were performed using the Annexin V-PE/7-AAD 

apoptosis kit (AP104, MultiSciences), following the manufacturer's instructions. Four cellular populations 

were distinguished: viable cells (Annexin V-PE and 7-AAD double-negative), early apoptotic cells (Annexin 

V-PE positive and 7-AAD negative), late apoptotic cells (Annexin V-PE and 7-AAD double-positive) and 



necrotic cells/cellular debris (Annexin V-PE negative and 7-AAD positive), as described in the methods of 

our revised submission.   

These findings are consistent between our initial (Original) version and the first and second 

submitted Revised version.  

3) Phagocytosis:

To address the comment from Reviewer #3 about the phagocytic capacity of CXCR4hi neutrophils, we 

repeated the phagocytosis experiments according to the reference7 provided by Reviewer #3 and bought the 

pHrodo Green E coli (2 mg/mL; P35366, Thermo Fisher Scientific) in accordance with the reference (we had 

previously used Escherichia coli DH5α bacteria labeled with Alexa 488 that was constructed in-house for our 

initial data). We also increased the patient samples from 3 to 6 and verified the result by immunofluorescence 

and flow cytometry.  

In our initial (Original) submission, we stated that: “In addition, phagocytic capacity, as measured by the ability 

to take up FITC-labeled Escherichia coli, was lower in CXCR4hi compared to CXCR4lo neutrophils (Fig. 2f).” 

In the Revised submission, we stated: “In addition, phagocytic capacity, as measured by the ability to take 

up FITC-labeled Escherichia coli (Fig. 2f, g, Supplementary Fig. 3c, d), and degranulation capacity, as 

measured by CD63 expression (Fig. 2h), were all higher in CXCR4hi compared to CXCR4lo neutrophils.” This 

finding is also supported by previous publication7. 

Thus, there was a change between our initial and our first revised experiments. We suspect that the likely 

reason for this difference in phagocytosis is the source and concentration of Escherichia coli, used in these 

experiments. In our initial (Original) submission, Escherichia coli DH5α bacteria labeled with Alexa 488 was 

used, and bacteria/cell ratio was 2:1. In the Revised submission, pHrodo Green E coli (P35366, Thermo 

Fisher Scientific) was used at 2 mg/mL, according to previous publications suggested by Reviewer #3, and 

which methods we then followed7, 8. We also added a detailed description of phagocytosis to our revised 

Method sections in the revised manuscript (Page 25). 

We apologize that this was not clearly explained in detail in the response letter (NCOMMS-22-44320A) 

to reviewers. We are grateful that the reviewers pointed us in the right direction, and the data are now 

more robust with an increased sample size as well as a validated experimental approach. We want to 

emphasize that this change does not affect the overall findings about the role of CXCR4hi neutrophils 



in skin inflammation, as we mainly focus on the contribution of this neutrophil subset to vascular 

remodeling and inflammatory responses in sterile skin inflammation. We thank the reviewer for these 

thorough and constructive comments, which have enabled us to greatly improve our manuscript. 

3. Typo: Line 290: CXCR12-treated group. 

Response: Thank you so much for this reminder. We have corrected this mistake and carefully checked the 

spelling errors in our manuscript, with all changes underlined.

Reviewer #4 

The authors did an exceptional job in responding to Reviewer #1's concerns. However, the reviewer has 

issue with the title of the manuscript, which states that CXCR4+ PMN-mediated skin inflammation occurs via 

glycolysis. Although the authors have shown that the CXCR4+ PMNs are associated with increased glycolytic 

activity and markers, nowhere in the manuscript was it shown that CXCR4+ PMN glycolysis was 

mechanistically relevant to skin inflammation. This was somewhat shown in an in vitro assay by blocking 

lactate, but not in vivo using glycolytic deficient PMNs. Therefore, the title should be modified to appropriately 

reflect the conclusions of the data. For example, CREB1-driven CXCR4hi neutrophils orchestrate skin 

inflammation. 

Response: We would like to express our heartfelt appreciation for the valuable and constructive comments 

you provided on our article. Thank you very much for your encouragement. As you suggested, we have 

modified the title to “CREB1-driven CXCR4hi neutrophils orchestrate skin inflammation”. 
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REVIEWERS' COMMENTS

Reviewer #3 (Remarks to the Author):

For the former version of the immunofluorescence imaging in Figs. 5d & 5e, the authors had 

chosen the colors red (CXCL12), green (vimentin) and yellow (CD31), making it impossible to 

see those three markers in one image, because red + green = yellow. 

For the new version, the authors have simply swapped two colors, now red = CD31, green = 

vimentin, yellow = CXCL12. 

Unfortunately it is still not possible to make out on one image which cells express the 

majority of CXCL12, endothelial cells or fibroblasts. 

I do believe the authors that CD31+ cells express CXCL12, but the choice of colors is still 

puzzling me.



Point-by-point response

Reviewer #3 (Remarks to the Author): 

For the former version of the immunofluorescence imaging in Figs. 5d & 5e, the authors 

had chosen the colors red (CXCL12), green (vimentin) and yellow (CD31), making it 

impossible to see those three markers in one image, because red + green = yellow.  

For the new version, the authors have simply swapped two colors, now red = CD31, green 

= vimentin, yellow = CXCL12. 

Unfortunately, it is still not possible to make out on one image which cells express the 

majority of CXCL12, endothelial cells or fibroblasts.  

I do believe the authors that CD31+ cells express CXCL12, but the choice of colors is still 

puzzling me. 

Response: Thank you so much for this reminding. According to your suggestions, we 

have changed the color of each marker again to avoid confusing readers. In revised 

Figure 5d, CD31 is marked in yellow and vimentin is shown in green, both of which co-

localize with CXCL12 (purple). In revised Figure 5e, CD31 and CXCL12 are marked 

with yellow and purple, respectively, and CXCR4 is shown in green.

Revised Figure 5d, 5e. (d) Representative immunofluorescence staining of CD31 

(yellow), Vimentin (green), and CXCL12 (purple) in inflamed psoriatic skin (n = 6). 

Scale bar = 50 µm, 20 µm. (e) Representative immunofluorescence staining of CD31 

(yellow), CXCR4 (green), and CXCL12 (purple) in inflamed psoriatic skin (n = 6). Scale 

bar = 50 µm, 20 µm.


