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Abstract 

 

Mincle is a C-type lectin known to play a role in innate immune responses to sterile 

inflammation, but its contribution to pathologies following an ischemic or 

traumatic injury is not well understood. In the current study we demonstrate a key 

role for Mincle in ischemic (i.e. transient middle cerebral artery occlusion) but not 

traumatic central nervous system injury; absence of Mincle also did not 

significantly alter the extent of tissue damage or functional outcome in peripheral 

models of ischemic tissue injury. In the stroke model mice lacking Mincle 

displayed significantly improved functional outcome from focal cerebral ischemia. 

The functional improvements in Mincle KO animals were accompanied by 

reduced infiltration of neutrophils and lower levels of proinflammatory cytokines 

in recruited peripheral blood cells. Bone marrow chimera experiments revealed 

that presence of Mincle in the central nervous system, but not peripheral immune 

cells, was the critical regulator of a poor outcome following transient focal cerebral 

ischemia, however we exclude a direct role for Mincle in microglia or neural 

activation. We demonstrate that Mincle lacks widespread expression in the brain, 

but is specifically associated with macrophages resident in the perivascular niche. 

These findings implicate Mincle in the initiation, extent and severity of local 

responses to ischemic injury in the brain, but not peripheral tissues. Mincle 
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signalling therefore offers a novel therapeutic target in the quest to limit damage 

after stroke. 

Key words: C-type lectin, ischemia, MCAO, microglia, sterile inflammation. 
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Introduction 

Ischemic stroke results in the damage and death of neurons in the perfusion territory of 

the affected blood vessel; the neurodegenerative mechanisms involve metabolic and 

oxidative stress, excitotoxicity and apoptosis, as well as neuroinflammation and the 

infiltration of activated leukocytes1. Chronic inflammatory conditions including 

arteriosclerosis, obesity and infection, also increase the risk of stroke and worsen 

outcome2,3. Sterile inflammation is therefore an important clinical target in tissue injury 

arising from cerebral ischemia. Molecular models of innate immune signalling suggest 

that excessive / deregulated inflammation is a confounding factor, in stroke as well as 

other forms of central nervous system (CNS) trauma. For example, mouse knock-out 

models focusing on innate immune receptors, such as the Toll-like receptor (TLR) 

family, suggest that blocking inflammation is beneficial4,5 to limit tissue damage. In 

contrast, targeting the TLR adaptor protein, MyD88 provided no benefit for 

neurological outcomes and worsened neuronal cell death in animals subjected to global 

or focal ischemic injuries6,7. Likewise, in mouse models of spinal cord injury (SCI), 

blocking Tlr2 or Tlr4 reduces microglia and/or astrocyte activation8 but worsens tissue 

damage and functional recovery9. The presence of TLRs in the central nervous system 

indicates pleiotropic, possibly neuroprotective roles in sterile injury, whereas increased 

expression of TLR2 and 4 in peripheral leukocytes is concordant with higher 
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inflammatory markers in clinical stroke, and is predictive of poor outcome in some 

stroke patients10.  

Clinical studies have shown that high circulating neutrophil numbers or high neutrophil 

to lymphocyte ratio are positive predictors of stroke severity11. Strategies that reduce 

neutrophil influx to the site of ischemic injury reduce inflammation, collateral blood 

vessel occlusion and the severity of injury12–14. In contrast, blocking the phagocytic 

clearance of dead cells by microglia will exacerbate injury15, and reparative roles of 

tissue macrophages are necessary for wound healing and functional recovery from 

sterile inflammation16. It is thus becoming increasingly apparent that functional 

differences in infiltrating myeloid cells (e.g. inflammatory neutrophils vs. monocytes) 

during the acute phase of sterile injury are important determinants of neuroprotection, 

blood brain barrier integrity, and recovery from stroke.  

Innate immune cells, particularly macrophages and neutrophils, express a variety of 

receptors for endogenous ligands that are candidate regulators of inflammation during 

ischemic injury. The C-type lectin, Dectin-1, is a myeloid receptor that antagonises Tlr2 

in SCI. Specifically, Dectin-1 knock-out mice were protected from axonal dieback after 

traumatic injury, and in the wild type (WT) animals, Tlr2 activation reduced the harmful 

effects of Dectin-1 on axonal damage.17 Mincle (also designated as Clec4e) is a myeloid 

receptor closely related to Dectin-1 that has been reported to recognize necrotic cells via 
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detection of the nuclear protein Sap13018. Mincle was originally identified as a 

lipopolysaccharide (LPS)-inducible protein in macrophages and has subsequently been 

shown to stimulate inflammatory responses to fungal and mycobacterial pathogens19–22.  

Mincle associates with the Fc receptor common gamma chain (FcRγ) in immune cells, 

triggering intracellular signaling through the spleen tyrosine kinase (Syk) and the 

caspase recruitment domain protein Card9, which drives production of inflammatory 

cytokines such as TNF23,24; inhibition of Syk limits thrombosis and vascular 

inflammation in a variety of animal models of sterile injury25. Therefore, the 

Mincle/Syk axis is likely to also contribute to the pathophysiology of inflammation in 

ischemic stroke.  

Two previous studies have suggested a deleterious role for Mincle in rodent models of 

subarachnoid haemorrhage26 and ischemic stroke27. Both used Syk inhibition, which is 

not selective for Mincle signalling, and as a result the role of Mincle in stroke outcomes 

remains poorly defined. In the current study, we used Mincle knockout mice (Clec4e-/-) 

to demonstrate that absence of Mincle, specifically in the central nervous system, 

significantly improves ischemic stroke outcomes. Mincle does not have the widespread 

brain expression previously described26,27, but instead appears restricted to perivascular 

macrophages and peripheral leukocytes. Absence of Mincle did not affect outcomes 

following traumatic spinal cord injury, or of ischemic injuries in other organs, such as 

the heart or the intestine. The combined data presented here suggest a key role for 
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Mincle in ischemic CNS injuries where the integrity of the blood-brain/spinal cord 

barrier is not compromised by mechanical forces during the initiating event. 
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Materials and Methods 

Animals and reagents. All experimental procedures followed the “Australian code of 

practice for the care and use of animals for scientific purposes”, and were approved by 

The University of Queensland and Monash University Animal Ethics Committees 

(ethics license numbers SBMS/358/12/NHMRC/ARC, SBMS/085/09, MARP-2011-175 

and SBMS/311/12/SPINALCURE). The mouse colony was maintained in conventional 

or specific pathogen free conditions but, leading up to experiments, all animals spent at 

least one week in conventional housing conditions, with autoclaved sawdust or corn cob 

for bedding and a maximum of 5 mice per cage. Mice were kept in a conventional light 

cycle (12h light/12h dark), with controlled temperature (22-26 ºC) and humidity (40-

60%), and had access to normal chow diet and water ad libitum. Autoclaved cardboard 

boxes were used as environmental enrichment, and animals were checked for health 

daily. Homozygous null C57Bl/6J Clec4e-/- mice were used as previously described22, 

and they were compared to either WT C57BL/6J or cohoused Clec4e+/- littermates, 

which have been shown to display the same immune phenotype as WT C57BL/6J 

mice28. 

Four different laboratories conducted the surgeries described herein. In all cases, except 

where indicated, a randomized experimental design consisted of pre-assigned groups of 

mice where the surgeon or operator was blind to genotype.  
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All genotyping was conducted by PCR, using primers: ON14, 

ATTGCCACTGACCCTCCACC; MN469: CCCCTGTCACTGTTTCTCTGCA; 

MN473: TGCAGCCCAAGCTGATCCTC. The Syk inhibitor BAY61-3606 (B9685, 

Sigma-Aldrich) was injected in the femoral vein at a dose of 1mg/kg (25 µl), 30 min 

before middle cerebral artery occlusion (MCAO), or 3 h post-reperfusion. All 

experiments took place in physical containment 2 (PC2) laboratories. All sections of 

this study adhere to the ARRIVE Guidelines for reporting animal research 

(Supplementary Figure 2). 

Focal cerebral ischemia model. Male, 3 to 6 month-old mice were anesthetized for 

focal cerebral ischemia by transient middle cerebral artery occlusion (tMCAO). Male 

mice were individually housed. The first round of surgery (Figure 1 and Figure 2) did 

not use a randomized experimental design. For all other tMCAO, including bone 

marrow chimeras (Figure 3, n=70), and microglia profiling (Figure5, n=16), operators 

were blinded to genotype or treatment group and randomization was based on 

predesigned lists using colour coded cages and reagents. Exclusion criteria were 

excessive bleeding or death within 24 h after tMCAO. On these grounds, 1 out of 10 

Syk inhibitor pre-treated, 2 out of 16 Clec4e-/- and 7 out of 34 WT animals with tMCAO 

were excluded. Mice were anesthetized with 2% isoflurane in oxygen with spontaneous 

breathing and body temperature at 37°C. After a midline neck incision, the left external 

carotid and pterygopalatine arteries were isolated and ligated with 5-0 silk thread. The 
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internal carotid artery was occluded with a clip at the peripheral site of the bifurcation to 

the pterygopalatine artery and the common carotid artery was then ligated with 5-0 silk 

thread. The external carotid artery was cut and a 6-0 nylon suture with a blunted tip 

(0.20 mm) was inserted. The clip at the internal carotid artery was then removed for 

advancement of the nylon suture into the middle cerebral artery to slightly more than 6 

mm from the internal carotid-pterygopalatine artery bifurcation. After 1 h occlusion, the 

nylon suture and ligatures were removed to initiate reperfusion for 24 h up to 7 days. In 

the sham group, these arteries were visualized but not disturbed. Animals were 

subjected to cerebral blood flow (CBF) measurements using a laser Doppler perfusion 

monitor (Moor Lab) to confirm MCAO. The Doppler laser tip was placed perpendicular 

to the surface of the right parietal skull (1 mm posterior and 5 mm lateral to the bregma) 

to monitor blood flow in the middle cerebral artery territory. 

Quantification of cerebral infarction and neurological deficit assessment. At 3 or 7 

days post-reperfusion, mice were euthanized by an investigator blinded to the genotype 

and/or treatment, the brains removed into PBS (4ºC) for 15 min, and 2 mm coronal 

sections were obtained. These were stained with 2% 2,3,5-triphenyltetrazolium chloride 

(TTC, T8877 Sigma-Aldrich) at 37ºC for 15 min. The stained sections were 

photographed, and the images digitized. The infarct area of each section was defined as 

the pale area surrounded by red undamaged tissue. Measurements were done using NIH 

image 6.1 software (National Institutes of Health, Bethesda, MD, USA). To correct for 
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brain swelling, the infarct area was determined by subtracting the area of undamaged 

tissue in the left (ipsilateral) hemisphere from that of the whole contralateral 

hemisphere. Infarct volume was calculated by integration of infarct areas for all slices of 

each brain, and then expressed as a % of the ipsilateral hemisphere. The functional 

consequences of tMCAO were evaluated using a 5-point neurological deficit score (0, 

no deficit; 1, failure to extend right paw; 2, circling to the right; 3, falling to the right; 

and 4, unable to walk spontaneously29). 

Global ischemia model and TUNEL assay.  Adult male, age-matched C57BL6/J WT 

(n=4) and Clec4e-/- mice (n=6) were used for this investigation, and the investigators 

were not blinded to genotype. Transient global cerebral ischemia was performed by the 

2-vessel occlusion model1. The common carotid arteries were occluded for 30 minutes 

and the blood was allowed to reperfuse the tissue for 72 h before euthanasia. Mice were 

euthanized, brains were fixed and embedded in paraffin wax, and sections were 

pretreated with 20 µg/ml proteinase K (Roche, Switzerland) in 10 mM Tris, pH 7.4. The 

In Situ Cell Death Detection Kit, POD (11684817910, Roche, Switzerland) was used 

according to manufacturer’s instructions, and tissue was counterstained with Gills 

haematoxylin. The area of positive (brown) cells was divided by the total section area to 

calculate the % TUNEL+ cells. Sections treated with 100 U/ml recombinant DNase I 

were used as positive control.  
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Flow cytometry. Animals were euthanized and perfused with PBS prior to isolation of  

as described in 30. Brains were dissected, cerebella removed, and the left ischemic 

(ipsilesional) hemispheres selected. Three hemispheres were pooled, digested for 30 

min at 37°C (1 mg/ml collagenase, 0.1 mg/ml DNAse I in DMEM), and pressed through 

a cell strainer (40 µm; BD Biosciences). Cells were incubated with standard erythrocyte 

lysis buffer on ice, separated from myelin and debris by Percoll (17-5445-01, GE 

Healthcare) gradient centrifugation, and then incubated with the following antibody 

cocktail for 30 min at room temperature in buffer (0.5% bovine serum albumin, 0.02% 

sodium azide in PBS): CD45 (25-0451-82, eBioscience, 1:100), Ly6G (560603, BD 

Biosciences, 1:100), CD11b (557396, BD, 1:300), CD11c (17-0114-82, eBioscience, 

1:100) and TNF (554419, BD, 1:100). Data were acquired with a LSR II FACS system 

(BD Biosciences) and analyzed with FlowJo (TreeStar). Doublets were excluded with 

FSC-A and FSC-H linearity. 

Generation of bone marrow chimeric mice. Recipient mice (3-6 months of age) were 

sub-lethally irradiated with 2 doses of 5 Gy delivered 14 h apart and their immune 

system rescued via bone marrow (BM) transplantation from either WT or Clec4e-/- 

donors, 3-4 h after the second dose of irradiation. BM chimeric mice were left to 

recover for at least 3 months to allow full reconstitution of the peripheral immune 

compartment.  Flow cytometric analysis confirmed over 95% donor engraftment 

efficiency based on the relative frequency of donor and host white blood cells, which 
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were identified on the basis of CD45.1+/ CD45.2+ antigen expression. Mice were colour 

coded prior to surgery and then subjected to tMCAO by an experimenter blinded to the 

genotype or treatment groups, and infarct size was determined by TTC staining as 

detailed above. 

Spinal cord injury and assessment of locomotor recovery. Adult, age- and weight-

matched female C57BL6/J WT (n=12) and Clec4e-/- mice (n=14) were used for these 

experiments. Order of surgery was randomized based on predesigned lists, with the 

experimenter conducting the surgery remaining blinded to genotype throughout all 

aspects of surgery. In brief, mice were anesthetized via intraperitoneal injection with 

Xylazine (10 mg/kg, Ilium) and Zolazepam (50 mg/kg, Virbac) and subjected to a 

severe contusive SCI. The ninth thoracic (T9) vertebra was identified as described 

previously31, followed by a dorsal laminectomy as described previously32,33. This 

exposed the dorsal surface of the spinal cord at spinal level T11, where a force-

controlled 70 kilodyne (kd) impact was applied using the Infinite Horizon impactor 

device (Precision Systems and Instrumentation). Paravertebral muscles were sutured 

post-impact using 5-0 Coated Vicryl (Polyglactin 910) sutures (Ethicon), followed by 

wound closure using Michel wound clips (KLS Martin Group). SCI mice were then 

randomly re-assigned to cages labelled A, B, C, etc., with 2-3 mice being housed per 

box. Post-operative care involved sub-cutaneous administration of a single dose of 

buprenorphine (0.05 mg/kg) in Hartmann’s Sodium Lactate solution for analgesia. 
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Additionally, a prophylactic dose of Gentamicin, (1.0 mg/kg, Ilium) was administered 

daily for 5 days post-injury.  Recovery of hind-limb function was assessed using the 10-

point Basso Mouse Scale (BMS), a system designed specifically for the assessment of 

murine locomotor recovery following SCI34. Multiple aspects of locomotion, including 

ankle movement, stepping, co-ordination, paw placement, trunk stability and tail 

position, were assessed using this scale. Experimental animals were randomly picked up 

from their cages and assessed by two investigators blinded to the genotype at 1, 4, 7 

days post-SCI and then weekly thereafter up until the study endpoint (35 days post-

injury). Animals with a deviation in more than ±5 kdyne from the mean force, or a 

spinal cord tissue displacement  ±100 µm from the experimental mean were excluded 

from the study. Based on these criteria, 2 WT and 4 Clec4e-/- mice were excluded from 

the study. For the remaining n=10 mice per genotype, the actual applied force and 

displacement for WT and Clec4e-/- animals was 75.40±0.91 vs. 74.10±0.99 kdyne 

(p>0.34), and 537.7±15.22 vs. 535.9±18.11 µm, respectively (p>0.94). There was thus 

no bias in the severity of injury between genotypes at the outset. 

Spinal cord tissue sectioning and immunofluorescence. All mice were euthanized at 

35 days post-injury. In brief, mice were deeply anesthetized using sodium pentobarbital 

and transcardially perfused with 15ml of saline (0.9% NaCl containing 2IU/ml Heparin 

(Pfizer) and 2% NaNO2), followed by 30ml of phosphate-buffered Zamboni’s fixative 

(2% Picric acid, 2% Formaldehyde, pH 7.2-7.4). Vertebral columns were excised and 
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post-fixed overnight at 4°C. The spinal cord was then dissected and placed in sequential 

overnight incubations of 10% and 30% sucrose in PBS for cryoprotection, followed by 

embedding in Tissue-Tek Optimal Cooling Temperature (Sakura Finetek), and snap-

freezing on dry-ice cooled isopentane. Transverse 20 µm thick sections of spinal cord 

were cut using a Leica Cryostat CM3050-S and collected in 1:5 series on Superfrost 

Plus slides. Sections were incubated with IHC blocking buffer (2% Bovine Serum 

Albumin and 0.2% Triton X-100) for one hour at room temperature (RT) in a 

humidified chamber, and then overnight at 4°C with primary antibodies: 1:1600 chicken 

anti-mouse GFAP (Abcam; #ab4674) and 1:200 rabbit anti-mouse fibronectin (Sigma-

Aldrich; #F3648), or 1:1000 rabbit anti-mouse GFAP (Dako; #Z0334) in the absence of 

fibronectin staining. After washing, slides were incubated for 1 h at RT with the 

following secondary antibodies as required: 1:400 goat anti-chicken 555 (Abcam; 

#ab150170) and 1:400 goat anti-rabbit 488 (Thermo Fisher Scientific; #A-11034) and 

1:150 FluoroMyelin Red (Thermo Fisher Scientific; #F34652). Hoechst 33342 nuclear 

dye was used for counterstaining. After washing and mounting the slides, images were 

captured on a single plane using a Zeiss Axio Imager and Zen Blue 2012 Software 

(Zeiss). ImageJ software (National Institutes of Health) was utilized for analysis. 

Section areas were determined by outlining the section boundary on the GFAP+ channel 

(excluding the leptomeninges). Proportional area measurements were calculated by 

thresholding the FluoroMyelin Red stained area in ImageJ and dividing it by the total 
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section area. Lesion volumes and/or length were calculated by multiplying fibronectin+ 

areas by the section thickness and 1:5 series count. 

Intestinal ischemia and reperfusion, histological analysis and myeloperoxidase 

(MPO) quantification. Mice (WT, n = 11; Clec4e-/-, n = 10) were anesthetized with 2% 

isoflurane in oxygen through a facemask, with spontaneous breathing and body 

temperature at 37°C.  The surgeries were not randomized, but tissues were collected 

into coded tubes and the analysis performed by an operator blind to genotype. A midline 

incision was made through the skin and then along the linea alba separating the rectus 

abdominis muscle. The exposed intestines were displaced and a ligature was tied with 

silk suture material around the superior mesenteric artery except in animals undergoing 

sham surgery. After 30 min of ischemia the ligature was removed, and after 2 h of 

reperfusion the mice were euthanized. For histological analysis, three portions of small 

intestine were stored in 4% paraformaldehyde for 24 h. Tissues were embedded in 

paraffin wax, sectioned transversely and stained with haematoxylin/eosin. The average 

of villi damage was determined after grading each of 100 villi per mouse on a 0–6 scale 

as previously described35. For MPO activity, three portions of small intestine were 

homogenized in 50 mM potassium phosphate, centrifuged and pellets resuspended in 

0.25 mM hexadecyltrimethylammonium bromide (H5882, Sigma-Aldrich) for MPO 

solubilisation. After homogenisation and centrifugation, supernatants were assayed with 
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1.21 mg/ml o-dianisidine dihydrochloride (D3252, Sigma-Aldrich) and 2.17% hydrogen 

peroxide, and absorbance read at 460 nm. 

Myocardial infarction and echocardiography analysis. All animals in the same cage 

(siblings) were experimented on in a blinded fashion (for both echocardiography and 

surgery). Genotypes were checked after the experiment was finalized. To induce 

myocardial infarction, the left coronary artery (LDCA) of 10 week-old mice was 

ligated. For this procedure, animals were anaesthetized using 2% isoflurane and 

subjected to artificial ventilation through endotracheal cannulation. An incision was 

made through the muscle of the 4th and 5th intercostal space, and an 8-0 polyethylene 

suture passed under and tied around the LDCA 1 mm below the tip of the left auricle. 

Buprenorphine analgesic solution was administered subcutaneously (0.05 µg/g) twice a 

day for 3 days following surgery. For non-invasive echocardiography, control 

(heterozygous or WT) and mutant (homozygous) adult mice, in homeostasis or 1 month 

after surgical intervention, were anaesthetized (isoflurane) and kept sedated under 1.5% 

isoflurane. Imaging was performed in spontaneously breathing animals in prone 

position using Vevo 2100 Imaging System (FUJIFILM VisualSonics) equipped with 18 

to 38 MHz linear array transducer. Standard parasternal long- and short-axis views were 

obtained to assess left ventricular chamber function. Breathing was also monitored to 

avoid measurement distortions during breathing cycle. Calculations of cardiac function 
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were done using Vevo2100 Cardiac Measurements Package. Mice were euthanized one 

month after surgery, their hearts dissected and prepared for histology. 

Cell culture, and oxygen and glucose deprivation. Neuronal cultures were established 

from littermate 16 day-old WT, Clec4e+/- or Clec4e-/- mouse embryos. Genotypes were 

checked after the experiment was finalized. Cells were maintained at 37 °C in 

Neurobasal medium containing Glutamax and B-27 supplements, and 0.001% 

gentamycin sulfate (all Life Technologies). Cells were ascertained by 

immunofluorescence to be 95% neurons and 5% astrocytes, with the occasional 

microglia. Glial cultures were established from postnatal day 1 WT, Clec4e+/- or Clec4e-

/- mice and seeded in DMEM/F12 medium containing Glutamax and gentamycin 10 

mg/L (all Life Technologies), and 10% fetal bovine serum (FBS). Microglia were 

separated from astrocytes with the use of CD11b (Microglia) MicroBeads (Miltenyi 

Biotec). The murine brain endothelial cell line bEnd.3 (ATCC CRL-2299) was grown to 

confluence in DMEM supplemented with Glutamax (Life Technologies). For oxygen 

and glucose deprivation (OGD), cultures were incubated with glucose-free Locke’s 

buffer (in mmol/L: 154 NaCl, 5.6 KCl, 2.3 CaCl2, 1 MgCl2, 3.6 NaHCO3, 5 HEPES, pH 

7.2, supplemented with gentamycin 10 mg/L), placed in an incubator where the oxygen 

was displaced with nitrogen to a level of 0.2%, and incubated for 3 hours. Incubation 

with trehalose dimycolate (Sigma Aldrich) was conducted for 24 hours.  
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Immunofluorescence. For analysis of Mincle expression, primary microglia and 

RAW264.7 cells (ATCC TIB-71) were grown on 12 mm microscope coverslips and 

fixed in 4% paraformaldehyde. Primary antibodies used for staining were rat anti-

Mincle (clone 1B6, D266-3M2, MBL) and goat anti-ionized calcium-binding adapter 

molecule 1 (Iba1, polyclonal, ab5076, Abcam). For immunofluorescent staining on rat 

tissue, 6 µm microtome sections from Wistar Kyoto or spontaneously hypertensive 

stroke-prone (SHRSP) rats subjected to permanent MCAO for 24 h using diathermy 

with modification were obtained from a previous study36. Primary antibodies used were 

rat anti-Mincle (clone 4A9, D292-3M2, MBL), mouse anti-Mincle (clone 16E3, 

ab100846, Abcam); mouse anti-alpha smooth muscle actin antibody (alpha-SMA, clone 

1A4, ab7817, Abcam); rabbit anti-glial fibrillary acidic protein (GFAP, polyclonal, 

ab4674, Abcam), and mouse anti-CD163 (clone ED2, Santa Cruz Biotechnology, sc-

59865). Secondary antibodies were conjugated with Alexa Fluor 488, 568 and 647 (Life 

Technologies). Hoechst 33342 nuclear dye was used for counterstaining. Images were 

acquired using an Olympus BX61 microscope (Japan).  

qRT-PCR. For qPCR, RNA was isolated with RNeasy Plus Mini Kit (74134, Qiagen), 

its quality assessed using Nanodrop, and cDNA synthesized using iScript Reverse 

Transcription Supermix for RT-qPCR (Bio-Rad).  qPCR was performed with FastStart 

Universal SYBR Green Master [Rox] (04913850001, Roche) in a C1000 Thermal 

Cycler Chassis with CFX96 Optical Reaction Module (Bio-Rad). The following Clec4e 
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primers were used: forward, TGCTACAGTGAGGCATCAGG; reverse, 

GGTTTTGTGCGAAAAAGGAA. MIP2a primers were: forward, 

GAGACGGGTATCCCTTCGAC; reverse, TTCAGGGTCAAGGCAAACTT.  

Microglia isolation and microarray. WT and Clec4e-/- mice were coded and 

randomized for both surgery and FACs profiling as described above. After 1 h tMCAO 

(as described previously) and 24 h reperfusion, mice were perfused with PBS, their 

brains dissected, and 2 ipsilesional hemispheres (with cerebellum and brainstem 

removed) pooled for microglia isolation. For sham-operated animals, the whole 

forebrain was used and brains were not pooled. Tissue was minced with a razor blade, 

triturated by pipetting up and down gently 20 times, and pressed through a 40 µm cell 

strainer; all steps were carried out on ice. After myelin separation by Percoll gradient 

centrifugation, around 80,000 CD45intermediate, CD11b+ microglial cells were sorted from 

each sample.  Doublets were excluded with FSC-A and FSC-H linearity, and dead cells 

excluded using Zombie Violet™ Fixable Viability Kit (423113, BioLegend). RNA was 

isolated with RNeasy Micro Kit (74004, Qiagen), and yield and quality measured with 

the RNA 6000 Pico Kit (Agilent Technologies, 5067-1513) for Agilent Bioanaliser. 

Yield ranged between 1.4 and 11 ng, and the RNA integrity number ranged between 8.1 

and 10. Samples were amplified with the GeneChip WT Pico Kit (902623, Affymetrix) 

and processed with the Mouse 2.0ST Gene Array WT pico assay (902463, Affymetrix). 

The last three steps were carried out by the Ramaciotti Centre for Genomics, University 
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of New South Wales. The expression data (RMA background corrected, quantile 

normalized) is hosted in the www.stemformatics.org  resource (dataset S4M-6731)37 

and is available for download from GEO (Accession GSE77986). The expression 

threshold (detection floor) was calculated as the median expression of all antigenomic 

probesets on the microarray resulting in a value of log2 3.38. The median of expression 

was taken to be the median of above-threshold log2 normalized probe expression values, 

which was log2 6. Probes that failed to be expressed above detection threshold log2 3.38 

in the majority of biological replicates in at least one comparison group were removed 

from the analysis. The R/Bioconductor software package limma38 was used to find 

differentially expressed genes (DEG), with a false discovery rate threshold value of 

0.01. Volcano plots were generated to visually inspect DEG significance vs. fold 

change. 

Data analysis. Unless indicated otherwise, the experimental unit for in vivo 

experiments was a single animal. The overall significance of the data was examined by 

one-way analysis of variance (ANOVA) followed by Neuman-Keuls multiple 

comparisons test, or two-tailed Student t-test, as appropriate. The differences between 

the groups were considered significant at P<0.05. Neurological deficit scores were 

analyzed by using a nonparametric Kruskal–Wallis test followed by Dunn’s multiple 

comparison test, or Mann-Whitney test. Physiological function and disease related 

studies require a good number of specimens to be considered statistically significant, 
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due to intrinsic variations between individuals. In all mouse models tested, 

morphological and physiological differences may result in 15-25% variation in the 

severity of the surgically induced injuries. The initial surgical cohort sizes were 

determined by effect sizes observed with historical datasets, and observed variation 

within experimental groups was consistent with historical datasets. Unless stated, error 

bars show standard error of the mean (s.e.m.). 

 

Results 

Mincle deficiency improves functional outcomes and reduces infarct size in mouse 

models of cerebral ischemia 

To directly address a role for Mincle in stroke-induced inflammation and tissue damage, 

we examined Clec4e-/- mice and isogenic controls after 1 h of transient middle cerebral 

artery occlusion (tMCAO) and reperfusion. On average, Clec4e-/- mice showed a 50% 

reduction in infarct volume as assessed by TTC staining at 3 days post-stroke (Figure 

1a,b). Clec4e-/- mice also had significantly lower neurological deficit scores than WT 

controls (Figure 1c). These findings were confirmed and corroborated upon in an 

independent experiment in which mice were monitored up to 7 days post-stroke, with 

differences in infarct size and neurological deficit scores continuing to be significantly 
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different between groups (Figure 1d,e). Improved outcomes in Clec4e-/- mice could not 

be explained by the effect of MCAO on arterial blood flow, as laser Doppler flowmetry 

revealed similar reductions in blood flow during ischemia, and a comparable recovery 

24 h after reperfusion (Figure 1f). The benefits of Clec4e deletion were also confirmed 

in another model of ischemia, i.e. global cerebral ischemia. Here, Clec4e-/- mice showed 

significantly fewer TUNEL-positive cells in hippocampus and cortex (Figure 1g), 

indicating an effect of Mincle in the extent of apoptosis induced by ischemia.  

As the kinase Syk mediates Mincle signaling in macrophage responses to pathogens20, 

we next used the Syk inhibitor BAY61-3606 to assess the effect of Syk in stroke-

induced injury. Mice treated either before tMCAO or 3 h after reperfusion showed an 

over 50% decrease in infarct volume (Figure 1h,i) and a better functional outcome 

compared to vehicle-treated mice (Figure 1j), supporting the potential efficacy of Syk 

inhibitors in this stroke model.   

Mincle and its downstream partner Syk mediate reperfusion-induced leukocyte 

brain infiltration 

To determine the role of Mincle in inflammatory cell infiltration after tMCAO, immune 

cell populations present in ipsilateral brain hemispheres from WT and Clec4e-/- mice 

were analysed by flow cytometry over the first 3 days post-reperfusion. The recruitment 
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of neutrophils (CD45high, CD11b+, Ly6G+) to the injured brain parenchyma at 1 or 3 

days after tMCAO was significantly attenuated in Clec4e-/- mice (Figure 2a). In 

addition, the percentage of TNF-positive cells 1 day after reperfusion was significantly 

reduced in Clec4e-/- neutrophils and CD11c- monocytes (CD45high, CD11b+, CD11c-) 

(Figure 2b).  It is noteworthy that Clec4e-/- microglia (CD45intermediate, CD11b+), which 

appeared to be the primary source of TNF in the injured hemisphere, showed no 

difference in TNF presence between genotypes (Figure 2b). A single dose of the Syk 

inhibitor 3 h after tMCAO also impacted on inflammatory cell recruitment, leading to a 

significant reduction in the total CD45high infiltrate on day 1 (Figure 2c); vehicle and 

inhibitor-treated animals had equivalent numbers of infiltrating leukocytes on day 3 

after tMCAO. Unlike Clec4e-/- mice, animals treated with Syk inhibitor did not show 

differences in TNF-positive myeloid cells (Figure 2d).  

Ischemia-induced tissue damage is driven by Mincle expression in the brain, not 

peripheral blood cells 

We next aimed to determine whether Mincle influences stroke outcomes via its 

expression in circulating myeloid cells, CNS resident cells, or a combination thereof.  

Bone marrow chimera experiments showed that a lack of Mincle in the peripheral 

immune compartment (Clec4e-/- > WT) had a small but significant effect on infarct 
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volume after tMCAO (Figure 3a,b), indicating a partial contribution of Mincle in bone 

marrow-derived cells to the Clec4e-/- phenotype. In contrast, Clec4e-/- mice that received 

a WT bone marrow transplant (WT > Clec4e-/-), which reinstates Mincle expression on 

circulating myeloid but not CNS-resident cells, were equally well protected against 

tMCAO as the chimeric group with global Clec4e deficiency (Clec4e-/- > Clec4e-/) 

based on both infarct volumes and neurological deficit scores (Figure 3a,b). Loss of 

Mincle on CNS resident cells thus appears to be the main or critical contributor towards 

the protective phenotype observed in Clec4e-/- mice.  

Mincle deficiency does not influence the outcome from traumatic CNS injury or 

peripheral organ ischemia. 

We theorized that if Mincle is a general activator of inflammation in the local response 

to tissue damage, then it may also play a key role in other models of tissue injury with 

sterile inflammation. Using a model of blunt CNS trauma, we first assessed whether 

absence of Mincle influenced the outcome from contusive SCI. Lack of Mincle did not 

result in an altered and/or improved recovery from contusive SCI, with no differences 

observed between genotypes for hindlimb locomotor performance up to at least 35 days 

post-injury (P>0.05, Figure 4a,b). Consistent with the behavioural outcome, absence of 

Mincle did not affect lesion volume, lesion length, or myelin preservation (Figure 4c-g). 
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Lack of Mincle also did not influence outcomes in two models of peripheral ischemic 

injury, namely intestinal ischemia and reperfusion, and myocardial infarction. 

Specifically, WT and Clec4e-/- mice subjected to 30 min of ischemia and 2 h of blood 

reperfusion showed similar gut pathology scores (Figure 4h). Neutrophil recruitment to 

the injured intestine was also not changed in the absence of Mincle based on 

myeloperoxidase content in the tissue (Figure 4i). Following myocardial infarction, a 

similar level of scarring was observed between the hearts of Clec4e-/- mice (n=11),  

Clec4e+/- littermates and WT animals (combined n=14) at 1 month post-injury (Figure 

4j). Echocardiography analysis of heart chamber function, either in homeostasis or 1 

month after surgical intervention (Figure 4k), revealed no significant differences 

between genotypes in ejection fraction (Figure 4l), or systolic and diastolic end volume 

(Figure 4m,n). Left ventricular mass was also similar for both genotypes in homeostasis 

(Figure 4o), confirming a lack of size bias in baseline homeostatic functional 

parameters. Collectively, these data indicate that Mincle is not a determinant of 

outcomes in models of neurotrauma or peripheral ischemic tissue injury.  

Mincle expression in the brain is restricted to a specific cell type. 

To better understand the unique role of Mincle in ischemic stroke, we performed a 

careful search for which cell(s) in the CNS express Mincle. Given that Mincle is a 
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myeloid cell receptor, we first assessed its expression in microglia. 

Immunofluorescence with 1B6, a rat antibody that recognises Mincle in the mouse 

macrophage cell line RAW264.7, showed no expression of Mincle in microglia cultures 

derived from neonatal brains. Stimulation with oxygen and glucose deprivation (OGD) 

as an in vitro model of ischemia also failed to reveal/upregulate Mincle expression 

(Figure 5a). We next determined whether microglia were sensitive to trehalose 

dimycolate (TDM) stimulation, a mycobacterial component known to signal through 

Mincle in macrophages, resulting in the production of the cytokine CXCL2 (MIP2a)20.  

Cultured microglia upregulated MIP2a expression in response to OGD regardless of 

their genotype, however WT (Clec4e+/-) microglia failed to induce MIP2a mRNA in 

response to TDM stimulation, indicating a lack of Mincle-dependant signalling in these 

cells (Figure 5b). Clec4e+/- primary microglia did, however, upregulate Clec4e mRNA 

in response to OGD (Figure 5c), suggesting the possibility that Mincle could still affect 

the behaviour of adult microglia in tMCAO. We therefore sorted microglia 

(CD45intermediate, CD11b+) by FACS from the ipsilesional hemispheres of Clec4e-/- and 

WT controls, 24 h after either tMCAO or sham surgery, for microarray profiling. 

Clec4e mRNA was not upregulated in WT microglia after tMCAO (Figure 5d). As 

expected, dramatic alterations in gene expression were observed between microglia 

from tMCAO mice compared to their sham-operated counterparts (Figure 5e), but the 

presence or absence of Mincle itself did not affect microglial gene expression (Figure 
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5f). This finding is in agreement with the observation of comparable TNF expression in 

WT and Clec4e-/- microglia in earlier tMCAO experiments (Figure 2b). Mincle thus 

appears not to be expressed by microglia, nor does it play a direct role in acute 

microglia activation in ex vivo or in vivo ischemic stroke models. These observations 

thus exclude microglia as the primary mediators of the neuroprotective phenotype in 

stroked Clec4e-/-  mice.   

Close evaluation of Mincle expression, using both mRNA and protein analysis on WT 

and Clec4e-/- mice, also failed to reveal Mincle expression by other cell types such as 

primary neurons, the brain endothelial cell line bEND.3, or primary astrocytes, 

including in response to OGD (Figure 5g). Mincle mRNA was also not detectable by 

qPCR in various human neuronal cell lines (CHP-212 or SH-SY5Y), nor under a variety 

of metabolic deprivation or inflammatory models (data not shown). We were unable to 

confirm the cellular pattern of Mincle protein expression in the mouse by 

immunohistochemistry (IHC), largely because of the poor specificity of anti-Mincle 

antibodies in mouse tissues (Supplementary Figure 1). 

In rat, Mincle is expressed on CD163-positive perivascular macrophages after 

permanent MCAO. 
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In order to verify our observations that Mincle does not have widespread expression in 

the brain, we examined rat brain tissue after permanent MCAO. For this purpose, we 

carried out IHC on paraffin-embedded brain sections from rats that had undergone 24 h 

of permanent focal cerebral ischemia by distal occlusion of the middle cerebral artery36. 

Throughout the brain, in both infarct and non-ischemic tissue, Mincle+ cells were 

always associated with the vasculature. Monoclonal antibodies 4A9 and 16E3, 

generated in rat and mouse, respectively, provided the same result (Figure 6). Mincle 

was not present in cells positive for the pericyte marker alpha-SMA (Figure 6a,b,d), 

with the astrocyte marker GFAP (Figure 6a,c) or with the microglial marker Iba1 

(Figure 6c). They always appeared sandwiched between pericytes and astrocytes 

(Figure 6b), and showed to be positive for CD163 (Figure 6d), which is considered a 

marker of rat brain perivascular macrophages36. We noted Mincle was readily visible in 

healthy and spontaneously hypertensive stroke-prone rats. Together the mouse and rat 

studies confirm that Mincle is not directly regulating microglia or astrocyte responses to 

sterile inflammation, but is restricted to macrophages associated with the brain 

vasculature. This pattern of expression may indicate a role for Mincle in regulating 

cerebral vasculature in response to injury, and thus help explain the apparent differences 

in phenotype of the Mincle KO mouse responding to brain MCAO or spinal cord 

neurotrauma. 
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Discussion 

The data presented here offer new insights into the initiation of sterile inflammation in 

the ischemic brain. Genetic deletion revealed a key role for Mincle in the severity of 

tissue damage following transient focal cerebral ischemia. This result can be mimicked 

with pharmacological inhibition of Syk, a downstream partner of Mincle, even when 

applied 3 h after the onset of reperfusion. Mincle’s major role is in the induction of 

ischemic inflammation, as the absence of Mincle in the brain was able to prevent the 

infiltration of peripheral immune cells, and to reduce the activation of neutrophils and 

monocytes present in the brain after transient focal cerebral ischemia in mice. Mincle 

was found in the brain perivascular macrophages of rat brain tissue, but in no other 

brain cell type. The resistance of the Clec4e-/- mice to ischemic brain injury, but not to 

traumatic spinal cord injury, or peripheral (gut or heart) ischemia strongly suggests a 

unique role for Mincle in the context of cerebral ischemia.  

Further clarification of Mincle’s role in ischemic stroke requires major improvements to 

the available molecular toolkit for mouse. We systematically evaluated the range of 

anti-Mincle antibodies,	 using our Mincle KO mouse to demonstrate specificity, and 

found serious deficits in their utility in mouse. These data are summarised in the 

supplementary files of this manuscript. It is on the strength of these antibodies that 

others have implicated Mincle in changes to innate immunity after ischemic stroke27, 
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subarachnoid haemorrhage26 and traumatic brain injury39. These studies are based on the 

presence of Mincle in neurons, and we have shown here by multiple molecular methods 

(RNA and protein, in vitro and in vivo) that Mincle was not present in mouse or rat 

neurons. 

We also excluded a functional role for Mincle in microglia, which are radio-resistant 

and thus retained in the recipient animal in bone marrow chimeras40. When looking at 

TNF, a hallmark of the inflammatory phenotype, and in contrast with the dramatic 

differences between genotypes observed in tissue damage, we observed no differences 

in microglia-derived TNF production between WT and Clec4e-/- animals after tMCAO. 

Microglia isolated from sham-operated or tMCAO brains one day after the injury did 

not express the Clec4e mRNA, and the transcriptional profile of Mincle-deficient 

microglia did not deviate from that of isogenic controls, after sham surgery or ischemia.  

The studies that reported widespread Mincle expression in multiple brain cells also 

described a model for Mincle activation consistent with other peripheral immune 

receptors such as the TLR family26,27. That is, a model whereby Mincle acts as a 

necrotic cell receptor that is active on both CNS-resident cells and on peripheral 

immune cells recruited to the site of injury. It is possible that in these studies the 

reported increase in Mincle expression was due to influx of peripheral leukocytes. The 

concomitant upregulation of SAP130 in the ischemic hemisphere is puzzling because 
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SAP130 is a constitutively expressed nuclear protein, which is not inducible like a 

cytokine, but instead is made available to immune receptors through cellular disruption 

via necrosis. Increased levels of SAP130 in whole tissue lysates are therefore most 

consistent with recruitment of more inflammatory cells to the lesion. The present data 

does not support the previously proposed model, directly disputing a model for Mincle 

as a peripherally-driven necrotic cell receptor. Firstly, the lack of Mincle-dependent 

phenotypes after spinal cord injury, and gut and heart ischemia, challenge the widely 

held model of Mincle as a peripheral myeloid receptor directing inflammatory responses 

to areas of necrotic cell damage. Secondly, the Clec4e-/- mouse phenotype does not 

recapitulate that of other pattern recognition receptors with roles in necrotic cell 

recognition. For example, bone marrow chimera experiments using Tlr2 or Tlr4, as well 

as double mutant mice showed that recipient KO mice were equally susceptible to 

tMCAO as WT mice. Functional benefit were only observed in WT donors receiving 

KO bone marrow, demonstrating that these receptors were most important in peripheral 

leukocyte activation41. In contrast, our own chimera studies demonstrated that the 

contribution of Mincle present in the peripheral immune cells had a relatively small 

impact on the severity of outcome after MCAO, which may be attributable to the 

relatively slow turnover of perivascular macrophages. On the other hand, loss of Mincle 

on CNS-resident was protective regardless of the genotype of the donor marrow. These 

data indicate that Mincle predominantly acts on an aspect specific to central nervous 
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system architecture or function, rather than on the body’s ability to mount an 

inflammatory response to a sterile injury.  

The significant reduction in brain infarct size in Clec4e-/- animals suggests that blocking 

Mincle protects the cells in the penumbra region, that is, the brain region where blood 

perfusion is low but sufficient to maintain cell viability as a result of collateral blood 

vessel irrigation. Although we cannot fully exclude the possibility that there are gross 

anatomical differences in the development of the vasculature in Clec4e-/- mice, the fact 

that blockade of Mincle signalling with a Syk inhibitor offered a similar functional 

benefit to genetic ablation of Mincle strongly argues against this and points towards 

functional differences in the response to the insult that are tissue-specific. Exhaustive 

analysis of spinal cord injury outcomes, in which the blood-CNS barrier is disrupted by 

mechanical forces at the outset, revealed no Mincle-dependant effect. This further 

supports our theory that Mincle acts via its influence over the microvasculature of the 

CNS, specifically in instances where its integrity is not directly compromised by the 

initiating event. Certainly, many features of the CNS response to an ischemic injury do 

not apply to SCI42. 

The direct physical association between Mincle+ perivascular macrophages and the 

adventitial plane of alpha-SMA+ pericytes further supports a role for these cells in the 

regulation of the brain microvasculature and/or breakdown of the blood-brain barrier 
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following an ischemic event.  The dramatic injury reduction observed in Clec4e-/-  mice 

may therefore be explained by a key role for Mincle+ macrophages at this perivascular 

location with regards to injury propagation. An alternate and not mutually exclusive 

explanation would be that Mincle has a role in directing inflammatory cell recruitment 

across the blood-brain barrier, which may have contributed to the observed reduction in 

inflammatory infiltrate in the brains of Clec4e-/- mice after stroke (Figure 2). 

Although our results leave many unanswered questions about the role of Mincle in 

stroke, its dramatic influence over the outcome from brain ischemia and reperfusion 

injury, which mainly emerges from Mincle’s presence in the brain itself, warrants 

further investigation to resolve this aspect of the Clec4e-/-  phenotype for future 

therapeutic targeting.  
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Figure legends 

Figure 1. Mincle signaling worsens brain damage and functional outcome after 

transient MCAO. Mice of the indicated genotypes were subjected to sham surgery or 

transient middle cerebral artery occlusion (tMCAO), and brain damage and neurological 

function were evaluated (a) Representative TTC-stained brain sections from WT and 

Clec4e-/- mice 3 days post-reperfusion. Infarct volumes (b) for WT mice subjected to 

sham surgery (n = 6), and WT (n=27) and Clec4e-/- (n=14) mice 3 days after tMCAO. 

Bars represent mean. (c) The corresponding daily neurological deficit scores are shown 

as median and range. (d) Infarct volumes for WT (n=8) and Clec4e-/- (n=8) mice 7 days 

after tMCAO are significantly different as shown by t-test. (e) The corresponding daily 

neurological deficit scores are shown as grouped with median and range. (f) Laser 

Doppler flowmetry shows no differences between samples in the extent to which 

MCAO compromises blood flow. (g) TUNEL positive cells were quantified in both 

hippocampus and cortex from control (n=4), WT (n=6) and Clec4e-/- (n=6) mice after 

global cerebral ischemia. The percentage of TUNEL positive cells is represented 

showing median, the 25th to 75th percentiles, and min-max range. (h) Representative 

TTC-stained brain sections from mice treated with vehicle or the Syk inhibitor BAY-

61-3606, 3 days post-reperfusion. (i) Infarct volumes for WT mice subjected to sham 

surgery (n = 6), vehicle-treated (n = 11) mice, or mice treated with BAY-61-3606 

before MCAO (n = 9) or 3 h after the onset of reperfusion (n = 10), 3 days after 
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tMCAO. (j) The corresponding daily neurological deficit scores are as median and 

range, and both pre- and post-treated samples are significantly different from vehicle 

control. Tests: (b,I,g) ANOVA, (c,j) Kruskal-Wallis, (d) t-test, (e) Mann-Whitney. ***: 

p < 0.001, **: P<0.01, *: P<0.05, ns: not significant; comparisons indicated by brackets. 

Scale bar for images: 1 mm. 

 

Figure 2. Neutrophil infiltration was significantly reduced in Clec4e-/- mice following 

tMCAO. (a) Flow cytometry of leukocytes in the ipsilateral hemisphere showed a 

significantly lower proportion of infiltrating neutrophils (CD45high, CD11b+, Ly6G+) in 

Clec4e-/- mice at 1 and 3 days post-reperfusion (box and whiskers plot).  (b) There were 

fewer TNF-positive infiltrating neutrophils and CD11c- monocytes in Clec4e-/- 

compared to WT mice 24 h after reperfusion.  (c) Flow cytometry revealed a 

significantly lower proportion of infiltrating leukocytes (CD45high, CD11b+) in Clec4e-/- 

mice than in WT controls 24 h post-reperfusion. (d) No differences in the proportion of 

infiltrating neutrophils or in TNF-positive leukocytes were observed. t-test: ***: P < 

0.001, **: P < 0.01, ns: not significant. Comparisons indicated by brackets. % cells in 

(a) and (c) are represented by box and whiskers plots, showing median, the 25th to 75th 

percentiles, and min-max range. % TNF-positive cells are represented by mean + s.e.m..  
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Figure 3. The origin of the Clec4e-/- protective effect is in the central nervous system. 

(a) Ipsilateral infarct volume 3 days after tMCAO from bone marrow chimeras obtained 

between WT (C57BL/6J mice carrying the CD45.1 allele) and Clec4e-/- animals. Donor 

and recipient genotypes indicated on the X-axis. Bars represent median and range. (b) 

Neurological deficit scores of bone marrow chimeras, assessed daily for 3 days, shown 

as median and range, where both Clec4e-/- recipient samples are significantly different 

from WT>WT sample. WT donor to WT recipient, n=18; Clec4e-/- donor to WT 

recipient, n=17; WT donor to Clec4e-/- recipient, n=18; Clec4e-/- donor to Clec4e-/- 

recipient, n=17. ANOVA: ***: P < 0.001, **: P < 0.01, ns: not significant. 

Comparisons indicated by brackets. 

 

Figure 4. Absence of Mincle does not affect the outcome of spinal cord injury, 

intestinal ischemia and reperfusion (I/R) or myocardial ischemia. (a) No significant 

differences between genotypes (n=10) in 35 days post-injury BMS locomotor scores (t-

test; P>0.05), or at endpoint (b). (c) Representative GFAP+/Fibronectin+ staining for the 

quantification of lesion core in WT and Clec4e-/- mice. No significant differences were 

found between genotypes in either lesion core volume (d, t test P>0.05) or length (e, t-

test P>0.05). Bars represent mean. Scale bar for images: 200 µm. Quantification of 

myelin staining in WT and Clec4e-/- spinal cords (f) revealed no significant differences 

between genotypes (g). Intestinal I/R revealed no differences between genotypes with 
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regards to pathology scores (h) or to levels of myeloperoxidase (MPO) an indicator of 

neutrophil infiltration (i). Whole mount views and histological sections of control and 

mutant hearts after 1 month of infarction (j). Trichrome staining, representative of n=10, 

shows scarring (blue) and viable myocardium (red) at various transverse levels of the 

heart, from apex (left panel) to base (right panel). (k-o) Echocardiography analysis of 

control and mutant hearts after 1 month of infarction (Clec4e+/- & WT animals, n=14, 

Clec4e-/- animals, n=11). (k) Representative images of infarcted hearts in systole and 

diastole. Ejection fraction (EF - l), end systolic volume (ESV – m) and end diastolic 

volume (EDV – n), as well as other analysed parameters, are not significantly altered in 

mutant hearts, suggesting that Clec4e is not implicated in the regenerative response after 

myocardial infarction. Left ventricular mass (LVM – o) was used as an indication of 

heart size in homeostasis and is not significantly different between control and mutant 

hearts. 

 

Figure 5. Mincle could not be found in microglia, neurons, astrocytes or endothelial 

cells. (a) An antibody that detects Mincle in the mouse macrophage cell line 

RAW264.7, and shows its upregulation by LPS, does not detect Mincle in cultured 

microglia in basal conditions or stimulated with LPS or oxygen and glucose deprivation 

(OGD). Scale bar: 10 µm. (b) MIP2a qRT-PCR in Clec4e+/- and Clec4e-/- cultured 

microglia from neonatal mice shows that Mincle does not contribute to MIP2a gene 
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expression in microglia, and Mincle sufficient microglia do not produce MIP2a in 

response to the Mincle-specific ligand trehalose dimycolate (TDM). Data points 

represent different cultures, each derived from a single mouse (c) Ex vivo microglia 

upregulate Clec4e expression under OGD, as measured by qRT-PCR. (d) WT microglia 

sorted from the ipsilesional brain hemisphere 24 h after tMCAO do not show Clec4e 

upregulation, as shown by microarray, sham n=3 per genotype, tMCAO n=5 per 

genotype (dt: detection threshold, 3.38; med: median, 6) (e,f) Volcano plots for 

differences in microglial gene expression between sham surgery and tMCAO for WT 

mice (e), and between	 WT and Clec4e-/- tMCAO (f), show that, whether there are 

notable differences in microglial gene expression between sham surgery and tMCAO 

followed by 24 h reperfusion, Clec4e is not a contributing factor. Red dots: >1.5 

upregulated in the first sample mentioned above graph (P<0.05); blue dots: >1.5 

downregulated in the first sample mentioned above graph (P<0.05). (g) Absence of 

Clec4e mRNA in primary cortical neurons (left), cells of the brain endothelial cells line 

bEND.3 and primary astrocytes (right), untreated or under a time course of OGD (n=3). 

RNA from WT bone marrow-derived macrophages treated with LPS for 3 h is the 

positive control for all samples (n=1).  

 

Figure 6. Mincle immunofluorescence in the cortical contralateral (non-infarcted) 

region of rats subjected to permanent MCAO shows presence of Mincle in the 
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perivascular macrophages. (a) Mouse anti-Mincle antibody 16E3 shows Mincle+ cells 

do not co-localize with pericytes (alpha-SMA+) or astrocytes (GFAP+), but with other 

cells located in the periphery of the blood vessels. (b) Detail of the previous cell (* 

indicates position) showing a Mincle+ cell (red) located between pericytes (green) and 

astrocytes (purple). (c) Mincle+ cells do not co-localize with microglia (Iba1+). (d) Rat 

anti-Mincle antibody 4A9 staining shows co-localisation with CD163, a marker of 

perivascular macrophages. Scale bars: 20 µm. 

 

Supplementary Figure 1. Mincle antibody staining on rat and mouse brain. (a) The 

rabbit anti-Mincle antibody (Bioss) did not reveal any clear signal on rat brain tissue. 

(b,c) Using alpha-SMA as a marker of pericytes and CD206 as a marker of perivascular 

macrophages, both rat anti-Mincle and mouse anti-Mincle antibodies reveal no specific 

staining in healthy brains from Clec4e+/- mice. (d) Background staining could be 

appreciated also in Clec4e-/- brains. Scale bar: 20 µm. 

 

Supplementary Figure 2. The ARRIVE guidelines checklist for this study. 

	

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

The copyright holder for this preprint (which wasthis version posted March 19, 2016. ; https://doi.org/10.1101/044602doi: bioRxiv preprint 

https://doi.org/10.1101/044602
http://creativecommons.org/licenses/by-nc-nd/4.0/


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

The copyright holder for this preprint (which wasthis version posted March 19, 2016. ; https://doi.org/10.1101/044602doi: bioRxiv preprint 

https://doi.org/10.1101/044602
http://creativecommons.org/licenses/by-nc-nd/4.0/


 
 

The ARRIVE Guidelines Checklist 
Animal Research: Reporting In Vivo Experiments 
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ITEM 
 

RECOMMENDATION Section/ 
Paragraph 

Title  1  Provide as accurate and concise a description of the content of the article 
as possible. 

  Title 

 

 

Abstract  2  Provide an accurate summary of the background, research objectives, 
including details of the species or strain of animal used, key methods, 
principal findings and conclusions of the study. 

  Abstract 

INTRODUCTION  

Background  3  a. Include sufficient scientific background (including relevant references to 
previous work) to understand the motivation and context for the study, 
and explain the experimental approach and rationale. 

b. Explain how and why the animal species and model being used can 
address the scientific objectives and, where appropriate, the study’s 
relevance to human biology. 

a)Paragraph
1-3 

b)Paragraph
3-4  

Objectives  4  Clearly describe the primary and any secondary objectives of the study, or 
specific hypotheses being tested. 

  Paragraph 
4 

METHODS  

Ethical statement  5  Indicate the nature of the ethical review permissions, relevant licences (e.g. 
Animal [Scientific Procedures] Act 1986), and national or institutional 
guidelines for the care and use of animals, that cover the research. 

  Paragraph 
1 

Study design  6  For each experiment, give brief details of the study design including: 
a. The number of experimental and control groups. 
b. Any steps taken to minimise the effects of subjective bias when 

allocating animals to treatment (e.g. randomisation procedure) and when 
assessing results (e.g. if done, describe who was blinded and when). 

c. The experimental unit (e.g. a single animal, group or cage of animals). 
A time-line diagram or flow chart can be useful to illustrate how complex 
study designs were carried out. 

a,b) 
Paragraph 1, 
3, 6, 7, 9, 10 

c) Paragraph 
15 

Experimental  7  For each experiment and each experimental group, including controls, 
procedures  provide precise details of all procedures carried out. For example: 

a. How (e.g. drug formulation and dose, site and route of administration, 
anaesthesia and analgesia used [including monitoring], surgical 
procedure, method of euthanasia). Provide details of any specialist 
equipment used, including supplier(s). 

b. When (e.g. time of day). 
c. Where (e.g. home cage, laboratory, water maze). 
d. Why (e.g. rationale for choice of specific anaesthetic, route of 

administration, drug dose used). 

a,d) 
Paragraph 1, 
3, 6, 7, 9, 10 

b) 
Paragraph 1 

  

Experimental  8  a. Provide details of the animals used, including species, strain, sex, 
animals  developmental stage (e.g. mean or median age plus age range) and 

weight (e.g. mean or median weight plus weight range). 
b. Provide further relevant information such as the source of animals, 

international strain nomenclature, genetic modification status (e.g. 
knock-out or transgenic), genotype, health/immune status, drug or test 
naïve, previous procedures, etc. 

a)Paragraph 
1, 3, 6, 7, 9, 
10 

b)Paragraph 
1 
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Housing and  9  Provide details of: 
husbandry                               a. Housing (type of facility e.g. specific pathogen free [SPF]; type of cage or 

housing; bedding material; number of cage companions; tank shape and 
material etc. for fish). 

b. Husbandry conditions (e.g. breeding programme, light/dark cycle, 
temperature, quality of water etc for fish, type of food, access to food 
and water, environmental enrichment). 

c. Welfare-related assessments and interventions that were carried out 
prior to, during, or after the experiment. 

a,b)Paragraph 1 

c)Paragraph 1, 3, 6, 
7, 9, 10 

Sample size 10  a. Specify the total number of animals used in each experiment, and the 
number of animals in each experimental group. 

b. Explain how the number of animals was arrived at. Provide details of any 
sample size calculation used. 

c. Indicate the number of independent replications of each experiment, if 
relevant. 

a) Figures 1-5 
(individual values 
plotted), Fig 1 
legend 

b)Paragraph 15 

Allocating  11  a. Give full details of how animals were allocated to experimental groups, 
animals to  including randomisation or matching if done. 
experimental  b. Describe the order in which the animals in the different experimental 
groups  groups were treated and assessed. 

a,b)Paragraph 1, 3, 
6, 7, 9, 10  

Experimental  12  Clearly define the primary and secondary experimental outcomes assessed 
outcomes  (e.g. cell death, molecular markers, behavioural changes). 

a,b) Paragraph 1, 3, 
6, 7, 9, 10 

Statistical  13  a. Provide details of the statistical methods used for each analysis. 
methods  b. Specify the unit of analysis for each dataset (e.g. single animal, group of 

animals, single neuron). 
c. Describe any methods used to assess whether the data met the 

assumptions of the statistical approach. 

Paragraph 15 

 

RESULTS  

Baseline data 14  For each experimental group, report relevant characteristics and health 
status of animals (e.g. weight, microbiological status, and drug or test naïve) 
prior to treatment or testing. (This information can often be tabulated). 

Methods paragraph 
1  

Numbers  15  a. Report the number of animals in each group included in each analysis. 
analysed  Report absolute numbers (e.g. 10/20, not 50%2). 

b. If any animals or data were not included in the analysis, explain why. 

Methods paragraph 
2 

Outcomes and  16  Report the results for each analysis carried out, with a measure of precision 
estimation  (e.g. standard error or confidence interval). 

Figures 1-5 

Adverse events  17  a. Give details of all important adverse events in each experimental group. 
b. Describe any modifications to the experimental protocols made to 

reduce adverse events. 

n.a. 

DISCUSSION  

Interpretation/  18  a. Interpret the results, taking into account the study objectives and 
scientific   hypotheses, current theory and other relevant studies in the literature. 
implications   b. Comment on the study limitations including any potential sources of bias, 

any limitations of the animal model, and the imprecision associated with 
the results2. 

c. Describe any implications of your experimental methods or findings for 
the replacement, refinement or reduction (the 3Rs) of the use of animals 
in research. 

Throughout 
discussion 

 

 

Generalisability/  19  Comment on whether, and how, the findings of this study are likely to 
translation  translate to other species or systems, including any relevance to human 

biology. 

Throughout 
discussion 

Funding  20  List all funding sources (including grant number) and the role of the 
funder(s) in the study. 

Detailed in “sources 
of support” 
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