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Running title: CLEC-2 accelerates inflammatory macrophage migration 

Summary: Persistent macrophage accumulation in inflamed tissue leads to chronic 

inflammation and organ damage. Bourne et al. identify recombinant CLEC-2-Fc 

crosslinking podoplanin on inflammatory macrophages, as a cell-specific strategy to 

accelerate their emigration to draining lymph nodes, and reduce local inflammation. 
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Abstract 
Macrophage recruitment during sterile inflammation and infection is essential to clear 

pathogens, apoptotic cells and debris. However, persistent macrophage 

accumulation leads to chronic inflammation. Platelets are emerging as key 

modulators of the inflammatory response. Here, we identify that platelet C-type-

lectin-like receptor-2 (CLEC-2) is a crucial immunomodulatory receptor through the 

interaction with podoplanin, upregulated on inflammatory macrophages. 

Mechanistically, platelet CLEC-2 upregulates the expression of podoplanin and its 

co-ligands CD44 and ERM proteins, leading to actin rearrangement and promotion of 

cell migration; this is mimicked by recombinant CLEC-2-Fc (rCLEC-2-Fc). Treatment 

of LPS-challenged mice with rCLEC-2-Fc induces a rapid emigration of peritoneal 

macrophages to mesenteric lymph nodes, through a gradient generated by the 

podoplanin ligand, CCL21, to prime T cells. We propose that crosslinking podoplanin 

using rCLEC-2-Fc is a novel, cell-specific strategy to accelerate macrophage 

removal from the site of inflammation, and hence promote the resolution of the 

inflammatory response. 
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Visual Abstract 
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Introduction 
During infection, the development of an adequate inflammatory response is critical to 

contain pathogen growth and spreading. Innate immune cells are recruited to the site 

of infection to clear pathogens through multiple mechanisms including the secretion 

of cytokines and anti-microbial molecules, phagocytosis and through release of 

extracellular traps (Greenberg and Grinstein, 2002, Kaplan and Radic, 2012). 

Following pathogen clearance, the resolution of the inflammation is critical to restore 

tissue homeostasis. 

 

During acute inflammation, from infectious or sterile origins, neutrophils are the first 

responders (Meng et al., 2012), followed by monocyte mobilisation and subsequent 

infiltration into the inflammatory site (Italiani and Boraschi, 2014). Monocytes 

differentiate into inflammatory macrophages with high phagocytic capacity, which 

secrete anti-microbial molecules, inflammatory cytokines and chemokines. Removal, 

reprogramming and/or apoptosis of inflammatory macrophages contribute to the 

resolution of inflammation. A decrease in macrophage death or inability to emigrate 

from the inflamed site can trigger chronic inflammation (Huang et al., 2009), as seen 

in many diseases such as atherosclerosis, metabolic disorders or pathogen-induced 

infections such as SARS-CoV-2. Strategies to accelerate macrophage removal from 

the site of inflammation constitute a key strategy to promote the resolution of the 

inflammatory response and reduce organ damage.  

 

Alongside their role in thrombosis and haemostasis, platelets are emerging as vital 

regulators during the inflammatory response (Rayes et al., 2020). Using different 

models of acute peritonitis, platelet-macrophage aggregates have been observed in 

the inflamed peritoneum, but their functional relevance is not well known. During 

lipopolysaccharide (LPS)-induced endotoxemia, platelets dampen the inflammatory 

macrophage phenotype, through multiple mechanisms. These include the release of 

immunomodulatory molecules such as prostaglandin E2 (Xiang et al., 2013) and 

through the interaction of platelet C-type lectin-like receptor (CLEC-2) with 

podoplanin upregulated on inflammatory macrophages (Rayes et al., 2017) and 

monocytes (Xie et al., 2020). 
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CLEC-2 is a hemi-immunoreceptor tyrosine-based activation motif (hemi-ITAM) 

receptor constituently expressed on platelets and a sub-set of dendritic cells. Mice 

with global CLEC-2 deficiency exhibit a lack of lymphatic and vascular endothelial 

cell separation, which results in blood-filled lymphatics and petechia in utero 

(Bertozzi et al., 2010, Haining et al., 2020), showing a key role for CLEC-2 in the 

maintenance of vascular integrity during development. CLEC-2 induces platelet 

activation through its interaction with its endogenous ligands podoplanin (Suzuki-

Inoue et al., 2007) or heme (Bourne et al., 2020). Podoplanin is a small, 

transmembrane O-glycosylated mucin-type protein constituently expressed on type I 

lung epithelial cells, fibroblastic reticular cells, lymphatic endothelial cells and 

podocytes (Retzbach et al., 2018, Quintanilla et al., 2019). During cancer and 

inflammation, podoplanin has been shown to be upregulated on fibroblasts (Farr et 

al., 1992), Th17 cells (Peters et al., 2011) and macrophages (Kerrigan et al., 2012). 

Podoplanin promotes epithelial-mesenchymal transition through direct interaction 

with ezrin, radixin and moesin (ERM) proteins in cancer-associated fibroblasts 

(Martín-Villar et al., 2006); ERM proteins link membrane proteins to the actin 

cytoskeleton to induce signalling pathways that regulate cellular motility (Bretscher et 

al., 2002). However, a role for podoplanin in macrophage migration is yet to be 

shown.  

 

Beside the role of CLEC-2-podoplanin in thrombosis (Hitchcock et al., 2015, Payne 

et al., 2017) CLEC-2 regulates the cytokine storm, and decreases the number of 

peritoneal macrophages (Rayes et al., 2017) and blood monocytes (Xie et al., 2020) 

during inflammation.  Complexes of platelet and podoplanin-positive-macrophage 

are observed during atherosclerosis (Inoue et al., 2015), rheumatoid arthritis 

(Takakubo et al., 2017), and breast cancer (Hatzioannou et al., 2016); but how this 

influences macrophage phenotype and migration is not known.  

 

In this study, we investigate the role of the CLEC-2-podoplanin axis in macrophage 

functions including phagocytosis, secretion of cytokines and chemokines and their 

migration. We also assess the functional relevance of this interaction in vivo during 

ongoing peritonitis. Our study demonstrates a key immunoregulatory function for the 

CLEC-2-podoplanin axis in macrophages, and identifies this interaction as a novel 

pathway to regulate macrophage trafficking during inflammation.  
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Results 
Platelet CLEC-2 upregulates podoplanin and CD44 expression on inflammatory 
BMDMs and promotes spreading 
 

We have previously shown that platelet CLEC-2 binding to podoplanin, upregulated 

on the LPS-treated mouse macrophage cell line, RAW264.7, induces platelet 

aggregation (Kerrigan et al., 2012). We assessed the effect of this interaction on 

primary mouse macrophages using bone marrow-derived macrophages (BMDMs). 

LPS induces podoplanin expression on BMDMs isolated from WT (Fig. 1 A) but not 

PDPNfl/flVav-iCre+ mice (Fig. S1 A). Podoplanin upregulation was inhibited by TAK-

242 treatment, a TLR-4 specific small molecule inhibitor (Fig. S1 B).  Addition of WT 

platelets for 1h on LPS-stimulated macrophages, but not using CLEC-2-deficitent 

platelets, further increased podoplanin expression (Fig. 1 B) and was associated 

with an increase in the podoplanin associated membrane ligand CD44, as assessed 

by flow cytometry (Fig. 1 C). The effect of CLEC-2 is specific to podoplanin and its 

partner CD44, as for example there was no alteration in CD80 expression (Fig. S1 
C). LPS induced a transcriptional upregulation of podoplanin, as demonstrated 

through podoplanin mRNA upregulation in RAW264.7 cells (Fig. S2 A). However, 

addition of WT platelets to LPS-activated RAW264.7 cells did not increase the 

protein level of podoplanin in the whole cell lysate after 1h or 24h (Fig. S2 B). These 

results suggest that CLEC-2 binding to podoplanin rapidly increases podoplanin and 

CD44 expression, possibly through the translocation of podoplanin from intracellular 

stores upon CLEC-2 binding.  

 

We next investigated the translocation of podoplanin from intracellular compartments 

in inflammatory macrophages in BMDMs and RAW264.7 cells. Macrophages were 

stimulated with LPS for 24h, and podoplanin expression and its distribution was 

assessed using immunofluorescence. Following LPS-treatment, podoplanin 

expression was observed at the pseudopods of both BMDMs and RAW264.7 cells 

and in granules within the cytoplasm (Fig. 1 D; S2 C).  Addition of WT platelets, but 

not CLEC-2-deficient platelets, increased the spreading of both BMDMs and 

RAW264.7 cells, as measured by increased cell area and loss of circularity (Fig. 1 E 

.CC-BY-ND 4.0 International licenseperpetuity. It is made available under a
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in 

The copyright holder for thisthis version posted December 22, 2020. ; https://doi.org/10.1101/2020.12.21.423770doi: bioRxiv preprint 

https://doi.org/10.1101/2020.12.21.423770
http://creativecommons.org/licenses/by-nd/4.0/


 7 

and F; S2 D and E), associated with increased pseudopod formation compared to 

LPS-treated cells.  

 

In order to elucidate the effect of CLEC-2-podoplanin interaction on actin 

remodelling, LifeAct-GFP-derived BMDMs were assessed using diSPIM LightSheet 

microscopy. Addition of WT platelets to LPS-activated BMDMs increased pseudopod 

formation and actin remodelling (Video 1) compared to LPS-treated BMDMs (Video 
2). In contrast, actin remodelling, spreading and pseudopod formation decreased 

after the phagocytosis of platelets, showing that the increase in remodelling was 

independent of uptake. In order to understand whether actin remodelling is 

associated with an alteration in podoplanin signalling, we assessed the 

phosphorylation pattern of serines by western blot, as serines 167 and 171 were 

previously described to be phosphorylated by CDK5 and PKA, and to be associated 

with a decreased cell mobility (Krishnan et al., 2015). Immunoprecipitation of 

podoplanin from different co-cultures revealed phosphorylation was inhibited in the 

presence of WT but not CLEC-2-deficient platelets (Fig. S2 F).  
 

These results show that platelet CLEC-2 binding to podoplanin on inflammatory 

BMDMs and RAW264.7 cells alters podoplanin downstream signalling, associated 

with actin remodelling, upregulation of podoplanin and CD44, and their localisation 

on filopodia. 

 
 
Platelet CLEC-2 delays inflammatory BMDM phagocytic capacity and reduces 
TNF-α secretion in vitro 
 
We next investigated whether the modification in cytoskeleton rearrangement alters 

macrophage phagocytic capacity and their inflammatory phenotype. LPS-stimulated 

BMDMs were co-cultured in the presence or absence of WT or CLEC-2-deficient 

platelets and the uptake of pH-sensitive fluorescent E. Coli-bound bioparticles was 

assessed by Incucyte systems for live-cell microscopy (Fig. 2 A-C). Addition of WT 

platelets significantly delays BMDM uptake of the bioparticles compared to BMDM 

control. This delay was not observed in the presence of CLEC-2-deficient platelets. 

Podoplanin deficiency from BMDMs did not affect their phagocytic activity (Fig. S 3 A 
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and B) suggesting a distinct role for podoplanin crosslinking by CLEC-2. LPS induced 

an increase in TNF-α secretion from BMDMs, which was significantly decreased in the 

presence of WT but not CLEC-2-deficient platelets (Fig. 2 D). However, whilst LPS 

induced an increase in anti-inflammatory IL-10 secretion, WT platelets did not modify IL-

10 secretion (Fig. 2 E). 
 

Alongside phagocytic activity, we investigated how platelet CLEC-2 regulates BMDM 

migration in vitro using a scratch wound healing and Boyden chamber assays. A wound 

was made in a monolayer of inflammatory BMDMs before addition of WT or CLEC-2-

deficient platelets (Fig. 2 F). LPS-treated macrophages displayed a 40% wound closure 

over 96h, which was increased to 80% when cultured with WT platelets (Fig. 2 F-H). 

Wound closure was also accelerated in the presence of CLEC-2-deficient platelets, 

although the maximal coverage did not exceed 60%.  

 

Together these data suggest that platelet CLEC-2 binding to inflammatory macrophages 

alters cytoskeleton rearrangement, delays phagocytosis and increases macrophage 

migration, whilst reducing macrophage TNF-α secretion.  

 
 
Crosslinking podoplanin by rCLEC-2-Fc is sufficient to promote macrophage 
migration and modulate their inflammatory phenotype 
 
Platelet-mediated alteration in inflammatory macrophage migration and function is 

dependent on CLEC-2. In order to assess whether CLEC-2-dependent platelet 

activation and secretion, or crosslinking podoplanin is responsible for these changes, 

we used recombinant dimeric CLEC-2 (rCLEC-2-Fc) (Bourne et al., 2020) on 

inflammatory macrophages and compared the effect to an IgG control. Addition of 

rCLEC-2-Fc to LPS-stimulated RAW264.7 cells (Fig. 3 A) or LPS-treated BMDMs for 

1h increased podoplanin expression similar to WT platelets (Fig. 3 B). Crosslinking 

podoplanin with rCLEC-2-Fc is associated with a decrease in TNF-α secretion (Fig. 3 
C), suggesting that crosslinking podoplanin by CLEC-2 is responsible, rather than 

platelet activation and secretion, for the immunomodulatory effect of CLEC-2. 
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We further investigated the effect of rCLEC-2-Fc on macrophage spreading. LPS-

stimulated BMDMs from LifeAct-GFP mice were spread on collagen for 2h in the 

presence of rCLEC-2-Fc or isotype IgG control (Fig. 3 D). rCLEC-2-Fc induced 

spreading and elongation of inflammatory BMDMs along collagen fibres compared to 

isotype control, suggesting that rCLEC-2-Fc is sufficient to induce cytoskeleton 

rearrangement.  Increased podoplanin expression is associated with accelerated 

wound closure (Fig. 3 E-G). As podoplanin is known to bind to the ERM proteins, we 

investigated whether rCLEC-2-Fc alters the interaction and distribution of the ERM 

proteins in inflammatory macrophages using 3D-SIM microscopy. In LPS-treated 

BMDMs, podoplanin is expressed on macrophages, with limited colocalization with 

ERM proteins. Addition of rCLEC-2-Fc increased the expression of the ERM proteins 

and the colocalization of podoplanin with ERM proteins (Fig. 3 H) and localisation at 

the filopodia.  

 

Altogether, our results show that rCLEC-2-Fc is sufficient to induce macrophage 

spreading by increasing the expression of podoplanin and CD44, interaction with ERM 

proteins, and localization at the pseudopods of the inflammatory macrophages.  
 
 
rCLEC-2-Fc decreases inflammatory macrophage numbers in the peritoneum 
during endotoxemia  
 

Using different peritonitis models, podoplanin expression was upregulated on 

inflammatory peritoneal macrophages following zymosan (Hou et al., 2010), LPS 

injection or caecal ligation and puncture (Rayes et al., 2017). We assessed the 

relevance of crosslinking podoplanin on macrophage migration using rCLEC-2-Fc 

during ongoing peritonitis induced by LPS. WT mice were injected with LPS 

(10mg/kg) or saline for 22h to allow inflammatory macrophage recruitment to the 

inflamed peritoneum. 18h post-LPS, rCLEC-2-Fc or IgG isotype control were 

intraperitoneally injected for an additional 4h.  

 
We compared myeloid and lymphoid immune cell populations in the spleen and 

peritoneum during rCLEC-2-Fc treatment following LPS challenge. The gating 

strategy to identify myeloid cell populations in the peritoneal lavage fluid (PLF) is 

.CC-BY-ND 4.0 International licenseperpetuity. It is made available under a
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in 

The copyright holder for thisthis version posted December 22, 2020. ; https://doi.org/10.1101/2020.12.21.423770doi: bioRxiv preprint 

https://doi.org/10.1101/2020.12.21.423770
http://creativecommons.org/licenses/by-nd/4.0/


 10 

shown in Fig. 4 A.  At 22h post LPS, no significant change in the total number of 

cells in the peritoneum was observed (Fig. 4 B) in LPS-treated mice compared to 

control mice. LPS injection did not significantly alter CD45+ cell count in the PLF 

compared to saline-treated mice. However, a significant reduction in CD45+ was 

observed in LPS-treated mice 4h following rCLEC-2-Fc injection (Fig. 4 C). The 

change observed in rCLEC-2-Fc-treated mice is due to a significant reduction in 

CD11b+ myeloid cells (Fig. 4 D) and in particular F4/80+ macrophages (Fig. 4 E). 

The reduction in inflammatory F4/80+ cells was not due to increased cell apoptosis or 

death as measured by AnnexinV and Sytox staining (Fig. S4 A). F4/80+ 

macrophages detected in the peritoneum express podoplanin, and the expression 

was not significantly altered by rCLEC-2-Fc treatment (Fig. 4 F). LPS injection 

increases platelet-macrophage complexes in the PLF, but this was not altered by 

rCLEC-2-Fc (Fig. S4 B). However, a significant increase in F4/80+ CLEC-2+ 

macrophages is observed following rCLEC-2-Fc treatment (Fig. 4 G and H) 

confirming the binding of rCLEC-2-Fc to podoplanin and macrophages without 

alteration in platelet-macrophage interactions. The reduction in CD11b+ cells in the 

peritoneum upon rCLEC-2-Fc treatment was not a result of a modification in 

neutrophil or monocyte cell count in the PLF (Fig. S4 C and D). No significant 

change in CD4+ or CD8+ T cells or CD19+ B cells was observed in the peritoneum 

post-LPS-challenge or rCLEC-2-Fc treatment (Fig. S4 E-G). Similarly, no alteration 

in CD45+CD11b-CD11c+ dendritic cells or red blood cells (Ter119+) was observed 

(Fig. S4 H and I), suggesting the rCLEC-2-Fc does not induce bleeding in the 

peritoneum.  

 

These results show that rCLEC-2-Fc selectively alters peritoneal podoplanin-positive 

inflammatory macrophage retention in the inflamed peritoneum.  

 

 

rCLEC-2-Fc alters inflammatory cytokine and chemokine secretion in the 
inflamed peritoneum 
 
We assessed whether the change in macrophage numbers in the inflamed 

peritoneum is due to an alteration in cytokine and chemokine release. Similar to our 

in vitro observations, rCLEC-2-Fc decreases TNF-α secretion in the PLF of LPS-
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treated mice (Fig. 5 A) and increased the levels of the anti-inflammatory cytokine IL-

10 (Fig. 5 B) and chemokines CCL2, CCL5 and CXCL1 (Fig. 5 C-E). The level of 

CCL21, a soluble ligand for podoplanin, was not significantly altered in rCLEC-2-Fc-

treated mice (Fig. 5 F).  The migration of macrophages was not associated with 

increased vascular permeability, as measured by angiopoietin-2 secretion (Fig. 5 G). 

There was no change in MMP-9, CXCL2, CCL4, C5a or IL-6 secretion following 

rCLEC-2-Fc treatment (Fig. 5 H-L). 
 

Together, our results show that injection of rCLEC-2-Fc alters cytokine and 

chemokine production and reduces inflammatory macrophage retention in the 

inflamed peritoneum.  

 

 

rCLEC-2-Fc increases podoplanin expression on F4/80+ macrophage in the 
spleen  
 
The decrease in macrophage count in the peritoneum could be explained by 

increased cell death, reduced adhesion or emigration to secondary sites. Since 

rCLEC-2-Fc did not increase macrophage death, we first investigated the 

macrophage infiltration in the draining lymphoid organs. Following LPS, no 

significant increase in spleen weight, or CD45+ cell count post-LPS-challenge was 

observed (Fig. 6 A and B). However, LPS injection increases the total number of 

myeloid CD11b+ cells in the spleen compared to saline-treated mice (Fig. 6 C), 

which was abrogated in rCLEC-2-Fc-treated mice. rCLEC-2-Fc significantly 

decreased splenic F4/80+ cells numbers compared to LPS-treated mice (Fig. 6 D). 
Monocyte Ly6C+ and neutrophils Ly6G+ counts were not altered (Fig. S5 A and B). 

Similar to the inflamed peritoneum, the decrease in F4/80+ cells is not due to 

increased apoptosis or death, or alteration of macrophage-platelet complexes 

following rCLEC-2-Fc treatment (Fig. S5 C and D). Podoplanin levels on splenic 

macrophages in LPS-challenged mice was further increased by rCLEC-2-Fc (Fig. 6 
E). However, the total MFI for CLEC-2 on macrophages was unchanged (Fig. 6 F 
and G). Whilst the percentage of CD41-positive macrophages is unaltered with 

rCLEC-2-Fc treatment, immunofluorescent imaging shows a decrease in platelet-

positive macrophages in the spleen compared to IgG control (Fig 6 H). CD4+, CD8+, 
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CD19+ and CD11c+ cell numbers in the spleen were not altered by rCLEC-2-Fc 

treatment following LPS compared to IgG treated mice (Fig. S5 E-H). 
 

Our results show that the decrease in peritoneal macrophages following rCLEC-2-Fc 

is not due to their emigration to the spleen.  

 
 
rCLEC-2-Fc promotes peritoneal podoplanin+ macrophage migration to 
mesenteric lymph nodes during endotoxemia  
 
As rCLEC-2-Fc did not induce F4/80+ migration to the spleen, we next investigated 

the possible emigration of inflammatory peritoneal macrophages to the draining 

lymph nodes. We assessed the F4/80+ population in the mesenteric lymph nodes 

(MLN) by flow cytometry and immunofluorescence. A significant increase in myeloid 

cells was observed in rCLEC-2-Fc treated mice compared to IgG control (Fig. 7 A). 

We observed a significant increase in the percentage of macrophages in the MLN 

upon rCLEC-2-Fc treatment compared to IgG isotype control (Fig. 7 B). Interestingly, 

a similar percentage of CLEC-2-positive F4/80+ cells was observed in both IgG and 

rCLEC-2-Fc treatment, which may be explained by the presence of macrophage-

platelet complexes in the MLN (Fig. 7 C). However, the difference in CLEC-2 MFI 

between isotype and rCLEC-2-Fc-treated mice further confirm that rCLEC-2-Fc is 

able to bind to platelet-macrophage complexes without alteration in complex 

formation (Fig. 7 D). The increase in CLEC-2 density on F4/80+ cells positively 

correlates with F4/80+ frequency in the MLN (r2=0.67, p=0.0011; Fig. 7 E).  

 

These results show that rCLEC-2-Fc binding to podoplanin+ peritoneal macrophages 

promotes their emigration from the inflamed peritoneum to the MLN.   

 

 

rCLEC-2-Fc-driven macrophage migration to mesenteric lymph nodes prime T 
cells 
 
In order to assess whether emigrated macrophages prime T cells in the draining 

lymph nodes, we first assessed the location of these macrophages. MLNs were 
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removed 22h post-LPS challenge and macrophages (F4/80+) and platelets (CD41+) 

localisation in the lymph nodes was assessed using immunofluorescence (Fig. 7 F). 

In unchallenged lymph nodes, platelets are localised in the medulla and around the 

medullary chords. Following LPS challenge, there is no significant staining for F4/80+ 

cells. However, following rCLEC-2-Fc treatment, a significant influx of F4/80+ cells is 

observed in the draining lymph nodes with the presence of these cells in the 

medulla, in close contact with T cells. We did not detect macrophages bound to 

platelets in this zone, however macrophages localised in the lymph nodes post-

rCLEC-2-Fc are seen to be CLEC-2- and podoplanin-positive compared to IgG 

control (Fig. 7 G).  

 

Lymphatic endothelial cells (LECs) are well reported to constituently secrete the 

podoplanin ligand, CCL21 (Farnsworth et al., 2019), which we investigated in the 

context of inflammation. CCL21 is observed co-localised to LECs in MLN, 

maintaining levels of secretion upon rCLEC-2-Fc treatment (Fig. 8 A). Alongside 

podoplanin, CCL21 is a ligand for receptors CCR4 and CCR7 (Van Raemdonck et 

al., 2020). rCLEC-2-Fc did not alter the surface expression of CCR4 or CCR7 in 

BMDMs (Fig. 8 B and C). In order to assess whether the increase in podoplanin 

expression by rCLEC-2-Fc alters the migration of inflammatory macrophages 

towards the podoplanin soluble ligand, CCL21, we assessed the effect of rCLEC-2-

Fc on migration of inflammatory BMDMs using the Boyden chamber assay. Addition 

of rCLEC-2-Fc to LPS-treated BMDMs induced a significant increase in the number 

of macrophages that had migrated towards CCL21 (Fig. 8 D), consistent with a role 

for the chemokine in driving macrophage emigration from the peritoneum and into 

MLN. 

 

We further investigated whether infiltrated inflammatory macrophages are able to 

prime T cells. To test this hypothesis homogenised lymph nodes from saline- and 

LPS-treated mice were re-stimulated ex vivo with low-dose LPS (10ng/ml) for 24h, 

and IL-2 secretion was measured in supernatants by ELISA (Fig. 8 E). Low-dose 

LPS did not induce IL-2 secretion in the supernatant of MLN cells from saline- or 

LPS-treated mice. In contrast, addition of low-dose LPS to MLN cells isolated from 

mice treated with rCLEC-2-Fc induces IL-2 secretion in the supernatant. This is 
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consistent with a pathway in which rCLEC-2-Fc-induces macrophage emigration to 

MLN, leading to the priming of T cells.  

 

Altogether, these results suggest that rCLEC-2-Fc binding to peritoneal podoplanin-

positive inflammatory macrophages promotes the interaction, and expression of 

podoplanin’s soluble, membrane, and intracellular ligands. This is associated with 

increased migration to mesenteric lymph nodes to prime T cells. 
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Discussion 
In this study, we report that crosslinking podoplanin using recombinant CLEC-2 

promotes inflammatory podoplanin-positive macrophage migration during ongoing 

endotoxemia, and accelerates their removal from the site of inflammation to draining 

lymph nodes as well as priming of T cells. The interaction of CLEC-2 with podoplanin 

upregulated on inflammatory macrophages promotes their mobility through (i) the 

dephosphorylation of podoplanin intracellular serine residues, (ii) upregulation and 

rearrangement of podoplanin and CD44 expression on macrophage membrane 

extensions, (iii) reorganisation of actin cytoskeleton and ERM protein family 

distribution on cell protrusion and (iv) inflammatory macrophage interaction with 

CCL21 secreted by lymphatic endothelial cells (LECs). In parallel, CLEC-2 crosslinks 

podoplanin and reduces TNF-a secretion from inflammatory macrophages and 

delays their phagocytic activity. We propose that during acute, ongoing inflammation, 

CLEC-2-podoplanin crosslinking plays an anti-inflammatory role by reducing the 

inflammatory phenotype of macrophages. This interaction facilitates the removal of 

macrophages from the sites of inflammation, and hence dampens the inflammatory 

environment.  

 

Using LPS-, thioglycollate- or CLP-induced peritonitis, we and other have shown a 

significant upregulation of podoplanin on inflammatory macrophages (Hou et al., 

2010, Kerrigan et al., 2012, Rayes et al., 2017).  Podoplanin interacts with many 

ligands such as CLEC-2, CD44 (Martín-Villar et al., 2010) and CD9, soluble proteins 

such as CCL21 and galectin-8 and intracellular proteins such as ERM (Martín-Villar 

et al., 2006). Podoplanin interaction with CLEC-2 leads to platelet activation and 

thrombosis. In mouse models of systemic Salmonella Typhimurium infection and 

deep vein thrombosis, upregulation of podoplanin and exposure at the site of 

vascular breaches triggers CLEC-2-dependent thrombus formation (Hitchcock et al., 

2015, Payne et al., 2017). However, little is known on the functional relevance of this 

interaction on macrophage activation and mobility. Here we show that the interaction 

of CLEC-2 with podoplanin on inflammatory macrophages induces significant 

changes in macrophage migration and inflammatory phenotype.  
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LPS-treated RAW264.7 and BMDMs cultured with WT, but not CLEC-2-deficient 

platelets, increase podoplanin expression, protrusions and macrophage elongation. 

The effect of CLEC-2 was not dependent on platelet secretion, as recombinant 

dimeric CLEC-2 induces a similar phenotype, suggesting that crosslinking 

podoplanin is mediating the immunomodulatory effects. Deletion of CLEC-2 did not 

alter the binding of platelets to inflammatory macrophages. Indeed, other platelet 

receptors are implicated in platelet-macrophage complexes including GPIb, CD40L 

(Inwald et al., 2003) and P-selectin (Ye et al., 2019). GPIb-MAC-1 polarizes 

monocytes towards the pro-inflammatory macrophage (Carestia et al., 2019), 

showing that different heterotypic interactions differentially regulate macrophage 

function.   

 

Platelet CLEC-2, as well as rCLEC-2-Fc, induces a rapid translocation of podoplanin 

from intracellular stores to the cell surface. This is associated with a loss of 

phosphorylation of the serine residues in the intracellular podoplanin tail, which has 

been demonstrated to promote fibroblast migratory activity (Krishnan et al., 2013, 

Krishnan et al., 2015). Classically, macrophages migrate through actin 

polymerisation-driven elongation of the leading edge towards a gradient, followed by 

integrin mediated adhesion to matrix proteins and finally actomyosin contraction and 

trailing edge de-adhesion (Pixley, 2012). CLEC-2 induced the reorganisation of the 

actin cytoskeleton and increased podoplanin interaction with ERM proteins and 

CD44, promoting macrophage migration. Indeed, CD44 expression is required for 

podoplanin-induced migration in squamous stratified epithelia (Martín-Villar et al., 

2010), suggesting that CLEC-2 may increase podoplanin and CD44 expression and 

their association, leading to macrophage migration. Our data supports a role for 

rCLEC-2-Fc in inflammatory macrophage migration, as measured by wound closure 

assays.  

 

In order to assess the relevance of this interaction during ongoing, acute 

inflammation, we injected rCLEC-2-Fc into mice following endotoxemia. Interestingly, 

rCLEC-2-Fc drastically decreases macrophage count in the inflamed peritoneum. 

The absence of macrophages from the inflamed peritoneum could be secondary to 

(i) macrophage local death (Gautier et al., 2013), (ii) increased macrophage 

adherence through integrin aDb2 and aMb2 (Mac-1) upregulation (Yakubenko et al., 
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2008) and/or (iii) macrophage migration to a secondary site (Bellingan et al., 1996). 

In our study, we show that the decrease in macrophage numbers in the inflamed 

peritoneum was not due to macrophage apoptosis or death. However, we observed 

a mass emigration of rCLEC-2-Fc bound macrophages to draining mesenteric lymph 

nodes (MLN) where they localise in the medulla in close proximity with T cells. The 

increase in macrophage emigration was not due to matrix metalloprotease 9 

secretion (Gong et al., 2008), or dysregulated vascular integrity, neither by increase 

in other chemotactic molecules such as complement C5a levels. Indeed, CLEC-2 

was previously shown to regulate the inflammatory response by increasing the 

secretion of complement regulators from platelets (Xie et al., 2020). We now show 

that CCL21, constituently secreted by LECs (Farnsworth et al., 2019), is utilised by 

emigrating macrophages during our model of inflammation as a gradient towards the 

draining MLN. CCL21 has previously been described as a key regulator of dendritic 

cells, also expressing podoplanin, migrating to lymph nodes (Lira, 2005, Manzo et 

al., 2007). The rCLEC-2-Fc-induced upregulation of podoplanin on inflammatory 

macrophages correlates with the increase in macrophage interaction with CCL21, 

and hence increase cell migration toward the chemokine’s source.  

 

Ex vivo treatment of MLN cells with low doses of LPS induces IL-2 secretion in cells 

isolated from rCLEC-2-Fc-treated mice, but not from IgG-treated mice. This data 

suggests T cell priming (Sojka et al., 2004), possibly by increasing macrophage 

infiltration and interaction with T cells. Our data supports a model by which 

crosslinking podoplanin with CLEC-2 accelerates the removal of inflammatory 

macrophage from the site of inflammation and their migration to the draining lymph 

nodes. Whether the macrophage infiltration is able to promote an adaptive immune 

response to different antigens and alter IgG response requires further elucidation. 

 

In conclusion, we show a novel, key immunomodulatory role for CLEC-2-podoplanin 

interaction through inflammatory macrophage migration and removal from the site of 

inflammation, independent of thrombosis. CLEC-2 crosslinking podoplanin induces a 

series of changes leading to macrophage migration while reducing their inflammatory 

phenotype. An increased inflammatory macrophage accumulation is observed in 

inflammatory diseases including atherosclerosis, metabolic disorders and SARS-
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CoV-2 infection. Crosslinking podoplanin using rCLEC-2-Fc may present a novel 

pathway to reduce macrophage accumulation in the inflammatory environment.  
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Methods and Materials 
Mice 
Wild type (WT) C57BL/6 mice (12-14 weeks; males and females) were purchased 

from Harlan Laboratories (Oxford, UK). Platelet-specific CLEC-2-deficient mice 

(Haining et al., 2020) (CLEC1bfl/flGPIbCre+), haematopoietic-specific podoplanin 

deficient mice (Rayes et al., 2017) (PDPNfl/flVav-iCre+) and LifeAct-GFP mice (Riedl 

et al., 2010) were used. All experiments were performed in accordance with UK law 

(Animal Scientific Procedures Act 1986) with approval of the local ethics committee 

and UK Home Office approval under PPL P2E63AE7B, PP9677279 and P0E98D513 

granted to the University of Birmingham.  

 
Cell culture 
RAW264.7 cells (Sigma Aldrich) were cultured as previously described (Kerrigan et 

al., 2012). Bone marrow cells were isolated from WT mice or PDPNfl/flVav-iCre+ 

(tibias and femurs) and differentiated into bone marrow-derived macrophages 

(BMDM) with L-929 conditioned medium for 7 days (Weischenfeldt and Porse, 

2008). RAW264.7 cells and BMDMs were maintained in Dulbecco’s Modified Eagle 

Media (DMEM, Thermofisher) supplemented with 10% heat-inactivated foetal bovine 

serum (FBS), 1% penicillin-streptomycin and 2mM L-glutamine in a humidified 

incubator at 5% CO2 and 37oC.  

 

Platelet preparation 
Mouse platelets were prepared as previously described (Kerrigan et al., 2012).  

 
Recombinant protein generation 
rCLEC-2-Fc was house made in our laboratory. ECD region of mouse CLEC2 was 

cloned into mammalian expression vector pFuse-rIgG-Fc (Invitrogen). The construct 

was used to stable transfect HEK-293T cells with PEI method. The stable line is 

established by Zeocin selection and function screening. rCLEC2-fc was then purified 

from the cell culture supernatant by protein-A affinity chromatography, followed 

validations by SDS-PAGE, western blots and various functional assays.    
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Protein and transcription quantification 
Antibody details are listed in Table 1. BMDMs and RAW264.7 cells were cultured 

with LPS (Escherichia Coli 055: B5) 1µg/ml for 24h. Macrophages were scraped in 

ice-cold PBS-EDTA (5mM), Fc-receptors blocked (anti-CD16/CD31) in 10% mouse 

serum), and proteins surface expression assessed by Accuri C6 Plus flow cytometry 

(BD Bioscience, Oxford, UK). Cytokines and chemokines were measured in the cell 

media supernatant by ELISA (Peprotech). For western blotting, cells were lysed in 

NP40 buffer supplemented with 1%PMSF, Na3VO4, NaF and protease inhibitor 

cocktail (Roche). Protein was estimated by Bradford reagent (Biorad). Protein 

electrophoresis was performed in Tris-Glycine SDS running buffer (Biorad). 

Immunoprecipitation was performed in whole cell lysate using anti-podoplanin 

antibody (clone 8.1.1) bound to protein A-sepharose beads. For transcriptional 

quantification, RNA was TRIzol-isolated (Invitrogen) and cDNA transcribed using 

PrimeScript (Clontech, Takara). mPodoplaninFc, the extracellular podoplanin 

domain, was amplified from cDNA using primers mPodoHindFor 

(GATCAAGCTTATGTGGACCGTGCCAGTGTTG) and mPodoFcRev 

(GATCGGATCCACTTACCTGTCAGGGTGACTACTGGCAAGCC) and was 

quantified by SYBR Green 1 mastermix (Roche) qPCR using a PCR thermocycler 

and normalised to unstimulated control.  

 
Confocal microscopy 
BMDMs and RAW264.7 cells were cultured with LPS (1µg/ml) for 24h before being 

allowed to interact with platelets in suspension for 15min. For immunofluorescence, 

cells were fixed in 4% paraformaldehyde (PFA), blocked (1%BSA, 5% goat serum) 

and stained using for nuclei using Hoescht 33342 and specific antibodies (Table 1). 

Cells were flat-mounted using Hydromount (National Diagnostics). Images were 

acquired using an inverted confocal microscope (Zeiss LSM 780) using a 1.49 NA 

64X oil-immersion objective. Argon-ion lasers 405nm, 457-514nm and 561nm were 

used to excite constructs. Cells were quantified for size and circularity using ImageJ. 

 

LightSheet diSPIM microscopy 
LPS-activated BMDMs derived from LifeAct-GFP mice were allowed to spread on 

collagen coated slides. Platelets from WT mice were stained with CellMask Deep 

Red plasma membrane stain (Invitrogen) and were allowed to interact with the 
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BMDMs for 15 min prior to imaging. Cells were imaged in phenol red free DMEM 

supplemented with 2% FBS at 37°C and 5% CO2. Fluorescence was acquired on a 

Marianas LightSheet (Intelligent Imaging Innovations, Denver, CO, USA), a dual 

inverted Selective Plane Illumination Microscope (diSPIM) fitted with two 

perpendicular 0.8 NA, 40x water immersion objectives and ORCA-Flash4.0 V3 

sCMOS cameras (Hamamatsu), driven by SlideBook software (Intelligent Imaging 

Innovations, Denver, CO, USA). Volumes were captured every minute in slice scan 

mode, with a step size of 0.5µm and 488nm and 640nm excitation wavelengths. 

Time lapse movies of maximal intensity projections were visualised using Arivis. 

 
3D-Structured illumination microscopy (SIM) 
BMDMs were allowed to spread on collagen-coated #1.5H glass coverslips for 2h. 

Cells were then fixed prewarmed 4% PFA in PEM buffer, permeabilised and blocked 

before immunofluorescent staining (ERM-AF488; podoplanin-AF568) and flat-

mounting with VECTASHIELD antifade mounting medium (Vector Labs). SIM 

imaging was performed on a Nikon N-SIM-S system with Nikon Perfect Focus in 3-D 

SIM mode, using a Nikon 1.49x Na oil Objective, Chroma ET525/50m and 

ET595/50m excitation filters, and an ORCA Flash4.0 sCMOS camera (Hamamatsu). 

Illumination was with 488nm and 561nm lasers. Capture and subsequent 

reconstruction was performed in Nikon NIS Elements 5 – stack and a maximum 

score of less than 8 were discarded. Composite Images were visualised and 

adjusted for figures using ImageJ. 

  

Phagocytosis 
LPS-treated BMDMs were incubated in the absence or presence of WT or CLEC-2-

deficient platelets (100 platelets: 1 Mf) for 1h. pH sensitive, AlexaFluor488-

conjugated, Escherichia Coli covered (K-12 strain) BioParticles (3x106 

beads/condition) were added for an additional 4h at 37oC. Total green fluorescence 

was quantified by a mask generated by Incucyte Systems on images taken using an 

Incucyte SX-5 Live-Cell microscope (Satorius).  
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Wound healing  
Confluent, LPS-treated BMDMs grown in DMEM were washed and scratched using 

a 96-pin 800µm-wide mechanical WoundMaker (Grada et al., 2017). They were then 

co-cultured in the absence or presence of WT or CLEC-2-deficient platelets (100:1) 

or rCLEC-2-Fc (10µg/ml) for 96h at 37oC. Cells were imaged every 2h using an 

Incucyte SX-5 Live-Cell microscope (Satorius). Wound closure was quantified using 

ImageJ, and calculated as percentage of closure at each timepoint by: 

100 − $	
𝑤𝑜𝑢𝑛𝑑	𝑠𝑖𝑧𝑒

𝑤𝑜𝑢𝑛𝑑	𝑠𝑖𝑧𝑒	𝑡 = 01 

 
Boyden Chamber transwell assay 

For BMDM chemoattractant stimulated migration, LPS-treated BMDMs were 

incubated for 1h with rCLEC-2-Fc (10µg/ml) or IgG isotype (10µg/ml). Cells were 

scraped and seeded onto the upper layer of a 8µm pore polycarbonate inserts 

transwell (Corning). Migration of BMDMs towards CCL21 (30ng/ml) was assessed 

after 4h at 37oC. Cells were fixed, stained with Hoescht 33342 and migrated cell 

nuclei counted.  

 

LPS-induced endotoxemia in mice 
LPS (Escherichia Coli 055:B5, Sigma) was injected intraperitoneally (IP) to age and 

sex matched C57BL/6 mice in 200µl saline (10mg/kg). 18h post-LPS-challenge, 

mice received an intraperitoneal injection of rCLEC-2-Fc or IgG isotype control 

(100µg/mouse) for an additional 4h. EDTA-treated blood was used to assess blood 

haematological parameters. Spleen and lymph nodes were homogenised and 

Ammonium-Chloride-Potassium (ACK) treated (5mM) and Fc-receptors blocked 

before antibody staining. Peritoneal cells were collected in 2ml of PBS-EDTA 

(10mM). Peritoneal lavage fluid (PLF), spleen and lymph node cells were measured 

using a CyAn ADP High-Performance Flow Cytometer.  

 

Immunofluorescent tissue staining 
For frozen sections, organs were fixed in 4% PFA for 2h, and transferred to 20% 

sucrose overnight, and frozen in optimal cutting temperature (OCT) compound 

(Tissue-TEK, Netherlands). Organs were sectioned by cryostat at 6 microns for 

immunofluorescent staining. Frozen sections were acetone fixed, autofluorescence 
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quenched with ammonium chloride (20mM), blocking (1% BSA, 5% goat serum) and 

staining with primary antibodies (Table 1), followed by secondary fluorescent 

antibodies.  Sections were flat-mounted with VECTASHIELD antifade mounting 

medium (Vector Labs). Images were acquired using a Zeiss AxioScan.Z1 

microscope and analysed using ZEN software.  

 

Data analysis 

All data is presented as mean±SEM. The statistical significance between 2 groups 

was analyzed using a student’s paired t-test and the statistical difference between 

multiple groups in vitro using one-way ANOVA with Tukey’s multiple comparisons 

test. The statistical significance for in vivo work was determined by a Kruskal-Wallis 

test using Prism 8 (GraphPad Software Inc, USA). Statistical significance was 

represented by stars: *p < 0.05 **p < 0.01 ***p < 0.001 ****<0.0001. 
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Figure 1: Platelet CLEC-2 upregulates podoplanin and CD44 expression on 
LPS-stimulated bone marrow-derived macrophages. 
(A) Bone marrow-derived macrophages (BMDMs) were incubated in the presence or 

absence of LPS (1µg/ml) for 24h. (B, C) LPS-stimulated BMDMs (Mf) were co-

cultured in absence or presence of WT or CLEC-2-deficient platelets (100 platelets: 

1 Mf ratio) for 1h. (A-C) Surface expression of podoplanin (n=4) and CD44 (n=3) 

median fluorescence intensity (MFI) were detected by flow cytometry using 

conjugated anti-podoplanin or anti-CD44 antibodies, respectively. (D) Mf were 

cultured on glass, and WT or CLEC-2-deficient platelets were added for 1h. Cells 

were fixed, immunostained for platelets (CD41, green), podoplanin (red) and CD44 

(cyan), and detected using confocal microscopy. Images are representative of 4 

independent experiments. (E) Cell area and (F) circularity were analysed using 

ImageJ. The statistical significance between 2 groups was analyzed using a 

student’s paired t-test and the statistical difference between multiple groups using 

one-way ANOVA with Tukey’s multiple comparisons test. *p < 0.05 ***p < 0.001 

****p < 0.0001. 

 

 

Figure 2: Platelet CLEC-2 delays inflammatory BMDM phagocytic capacity and 
reduces TNF-α secretion 
(A-C) pH sensitive Alexa Fluor-488 conjugated Escherichia Coli bioparticles (3x106 

beads/condition) were added to LPS-treated BMDMs (Mf) in the absence or 

presence of (B) WT platelets or (C) CLEC-2-deficient platelets (100 platelets: 1 Mf) 

for 4h. (A, B) Phagocytosis was visualised and quantified by time lapse-imaging 

using an Incucyte Live-cell analysis system. (C) Phagocytosis profiles were 

quantified at 4h by detecting fluorescence/mm3 using area under the curve (AUC; 

a.u. = arbitrary units). (D) TNF-α and (E) IL-10 secretion from BMDMs or Mf cultured 

with WT or CLEC-2-deficient platelets was quantified in the supernatant by ELISA 

(n=4). (F-H) Scratch wound migration of Mf was monitored every 2h for 96h using 

an Incucyte ZOOM system. Following wound scratch, (F) WT or CLEC-2-deficient 

platelets (100 platelets:1 Mf) were added to Mf. (G) Wound closure was quantified 

as percentage of closure using ImageJ. (H) Total wound closure was quantified by 

area under the curve (AUC) at 96h (n=3). The statistical significance between 2 

.CC-BY-ND 4.0 International licenseperpetuity. It is made available under a
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in 

The copyright holder for thisthis version posted December 22, 2020. ; https://doi.org/10.1101/2020.12.21.423770doi: bioRxiv preprint 

https://doi.org/10.1101/2020.12.21.423770
http://creativecommons.org/licenses/by-nd/4.0/


 29 

groups was analyzed using a student’s paired t-test and the statistical difference 

between multiple groups using one-way ANOVA with Tukey’s multiple comparisons 

test. *p < 0.05 **p < 0.01. 

 
 
Figure 3: rCLEC-2-Fc upregulates podoplanin expression, and promotes 
macrophage spreading and migration in vitro 

24h LPS-stimulated (1µg/ml) (A) RAW264.7 cells (n=3) or (B) BMDMs (Mf; n=4), 

were washed and incubated with recombinant CLEC-2-Fc (rCLEC-2-Fc; 10µg/ml) or 

IgG isotype control (10µg/ml) for 1h. (A, B) Surface podoplanin expression was 

detected by flow cytometry using a conjugated anti-podoplanin antibody. (C) Mf 

were washed, and cultured with rCLEC-2-Fc (10µg/ml) or IgG isotype control 

(10µg/ml) before TNF-α secretion was quantified in the media supernatant by ELISA 

(n=4). (D) LifeAct-GFP-derived Mf were spread on collagen in the presence of 

rCLEC-2-Fc or IgG isotype control (10µg/ml) for 2h and measured with 

immunofluorescence by confocal microscopy. (E-G) Scratch wound migration of Mf 

was monitored every 2h for a total of 96h using an Incucyte ZOOM system. 

Following wound scratch, (E) rCLEC-2-Fc (10µg/ml) was added to Mf. (F) Wound 

closure was quantified as percentage of closure compared to initial scratch size 

using ImageJ. (G) Total wound closure was quantified using area under the curve 

(AUC) at 96h (a.u.= arbitrary units; n=3). (H) Mf were cultured on collagen in the 

presence of rCLEC-2-Fc or IgG isotype control (10µg/ml) for 2h. Podoplanin (red) 

and ERM protein (green) localisation was visualised using immunofluorescence by 

3D-structured illumination microscopy (3D-SIM). The statistical significance between 

2 groups was analyzed using a student’s paired t-test and the statistical difference 

between multiple groups using one-way ANOVA with Tukey’s multiple comparisons 

test. *p < 0.05 ***p < 0.001. 
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Figure 4: rCLEC-2-Fc decreases macrophage number in the peritoneum 
following endotoxemia  
WT mice were intraperitoneally injected with LPS (10mg/kg) for 18h followed by 

rCLEC-2-Fc or IgG isotype control (100µg/mouse) for and additional 4h (n=11). 

Immune cell and platelet infiltration in the peritoneal lavage (PLF) were measured 

using flow cytometry. (A) Gating strategy to identify A: macrophages (F4/80+), B: 

monocytes (Ly6C+) and C: neutrophils (F4/80-Ly6C-). (B) Total number of cells from 

the peritoneal lavage, (C) leukocytes (CD45+), (D) myeloid cells (CD45+CD11b+) and 

(E) macrophages (CD45+CD11b+F4/80+) were measured in the PLF. (F) MFI of 

podoplanin expressed on the surface of macrophages. (G) Percentage of CLEC-2-

positive macrophages and (H) the MFI of CLEC-2 expression on macrophages. The 

statistical significance was analyzed using a Kruskal-Wallis multiple comparisons 

test. *p < 0.05 **p < 0.01 ***p < 0.001. 

 
 
Figure 5: rCLEC-2-Fc alters the cytokine and chemokine profile in the peritoneum 
during endotoxemia and in vitro. 
WT mice were intraperitoneally injected with LPS (10mg/kg) for 18h followed by 

rCLEC-2-Fc or IgG isotype control (100µg/mouse) for and additional 4h (n=11). (A-F) 
Peritoneal lavage fluid (PLF) was analysed for secretion of (A) TNF-α, (B) IL-10, (C) 
CCL2, (D) CCL5, (E) CXCL1, (F) CCL21, (G) Angiopoeitin-2, (H) MMP-9, (I) CXCL2, (J) 
CCL4, (K) C5a and (L) IL-6 by ELISA. The statistical significance was analyzed using 

a Kruskal-Wallis multiple comparisons test for in vivo.  *p < 0.05 **p < 0.01 

***p < 0.001. 

 

 

 

 

 

 

 

 

 

 

.CC-BY-ND 4.0 International licenseperpetuity. It is made available under a
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in 

The copyright holder for thisthis version posted December 22, 2020. ; https://doi.org/10.1101/2020.12.21.423770doi: bioRxiv preprint 

https://doi.org/10.1101/2020.12.21.423770
http://creativecommons.org/licenses/by-nd/4.0/


 31 

 
Figure 6: rCLEC-2-Fc does not increase macrophage infiltration into the spleen 
during endotoxemia 

WT mice were intraperitoneally injected with LPS (10mg/kg) for 18h followed by 

rCLEC-2-Fc or IgG isotype control (100µg/mouse) for and additional 4h (n=11). Total 

splenocytes were collected, red blood cells lysed and immune cell populations 

detected by flow cytometry. Cell number was normalised to (A) spleen weight. (B) 
Total count of immune cells (CD45+), (C) myeloid cells (CD45+CD11b+) and (D) 
macrophages (CD45+CD11b+F4/80+), (E) MFI of podoplanin expressed on the 

surface of macrophages, (F) CLEC-2-positive macrophages (%) and (G) MFI of 

CLEC-2 expression on macrophages were assessed using flow cytometry. (H) 
Immunofluorescent staining of platelets (CD41; purple) and macrophages (F4/80; 

green) in frozen spleen sections. The statistical significance was analyzed using a 

Kruskal-Wallis multiple comparisons test. *p < 0.05 **p < 0.01 ***p < 0.001. 

 
 
Figure 7: rCLEC-2-Fc increases peritoneal macrophage migration to 
mesenteric lymph nodes during endotoxemia 
WT mice were intraperitoneally injected with LPS (10mg/kg) for 18h followed by 

rCLEC-2-Fc or IgG isotype control (100µg/mouse) for an additional 4h (n=4). (A-E) 
Mesenteric lymph node (MLN) cells were collected and immune cell population 

detected by flow cytometry. (A) Percentage of myeloid cells (CD45+CD11b+) and (B) 
macrophages (CD45+CD11b+F4/80+). (C) CLEC-2-positive macrophages and (D) the 

MFI of CLEC-2 expression on macrophages in MLN. (E) Correlation between the 

percentage of MLN macrophages and the MFI of CLEC-2 expression on 

macrophages by Simple Linear Regression. (F) Immunofluorescent staining of 

macrophages (F4/80; purple) and platelets (CD41; green) in frozen MLN sections. 

(G) Immunofluorescent staining of macrophages (F4/80; blue), CLEC-2 (green) and 

podoplanin (orange) in frozen MLN sections. The statistical significance was 

analyzed using a Kruskal-Wallis multiple comparisons test. *p < 0.05. 
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Figure 8: rCLEC-2-Fc increases inflammatory macrophage migration towards 
CCL21 and primes T cells in mesenteric lymph nodes 
WT mice were intraperitoneally injected with LPS (10mg/kg) for 18h followed by 

rCLEC-2-Fc or IgG isotype control (100µg/mouse) for an additional 4h (n=4). (A) 
Immunofluorescent staining of CCL21 (red) in frozen MLN taken from LPS-

challenged mice. (B, C) 24h LPS-stimulated (1µg/ml) BMDMs (Mf) were treated with 

rCLEC-2-Fc (10µg/ml) or IgG isotype control (10µg/ml) for 4h. Surface expression of 

(B) CCR4 and (C) CCR7 median fluorescence intensity (MFI) was detected by flow 

cytometry using conjugated anti-CCR4 or anti-CCR7 antibodies, respectively (n=4). 

(D) Migration of inflammatory BMDMs co-cultured with rCLEC-2-Fc or IgG Isotype 

control (10µg/ml) toward CCL21 (30ng/ml) was analysed using a Boyden chamber 

assay for 4h (n=3). (E) IL-2 secretion from MLN cells isolated from different mice 

cultured in vitro with LPS (10ng/ml) for 16h was quantified by ELISA.The statistical 

significance was analyzed using a Kruskal-Wallis multiple comparisons test. 

*p < 0.05 ****p < 0.0001. 
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