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Supplementary Figure S1, related to Figure 1. Analysis of Gr-1
+
 expression in the day 3 and day 7 

wound. Gr-1
+
 cells present in the diabetic (db) and non-diabetic (ndb) wound at A) day 3 and B) day 7, 

expressed as percentage of total wound cells and showing representative flow plots. N=3. *P<0.05; 

**P<0.01. Error bars: SEM.  
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Supplementary Figure S2, related to Figure 2. Flow cytometric and morphological analyses of bone 

marrow-derived Gr-1
+
 cells. 

A) Gating on Gr-1
+
 cells followed by analysis of CCR2 and CxCR2 expression identifies 4 populations, 

P1 - P4. Backgating shows distinct Gr-1 median fluorescence intensity (MFI) and morphologies 

associated with each population. 

B) Analysis of CCR2 and CxCR2 expression by gated Gr-1
+
 cells from the BM of wounded mice. 

Representative flow plots (i and ii) and graphical summary (iii) of percentage of Gr-1
+
 cells expressing 

CCR2, CxCR2, or neither (n=3). 

*P<0.05; **P<0.01. Graphs show mean of indicated number of independent experiments. Error bars: 

SEM.  
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Supplementary Figure S3, related to Figure 2. Haematopoietic lineage marker expression by Gr-1+ 

cells. 

A) Flow cytometric analysis of expression of the myeloid lineage marker CD11b by (i) ndb- and (ii) db-

derived Gr-1+ cells from the BM. Quantification (iii) shows mean (n=2) SEM. For gating by Gr-1 

expression, see Figure 2. 

B) Flow cytometric analysis of CD34 expression by gated Gr-1
+
CD11b

+
 cells from BM of (i) ndb and 

(ii) db mice.  Quantification (iii) shows mean (n=2) SEM. 

C) Median fluorescence intensity (MFI) of Gr-1 for gated Gr-1
+
CD11b

+
 cells (n=3) from ndb and db 

mice. 

D) MFI of CCR2 for Gr-1
+
CCR2

+
 cells (n=4) from ndb and db mice. 

E) MFI of CxCR2 for Gr-1
+
CxCR2

+
 cells (n=3) from ndb and db mice. 

F) Sample images of cell morphologies within the Gr-1
+
 population. All cells isolated from ndb animals.  

G) Percentage of freshly isolated Gr-1
+
 cells with granulocytic and monocytic morphology (n=4 pools of 

2 mice per condition).  

H) Percentage of freshly isolated Gr-1
+
 granulocytes at an early stage of development (blasts and 

promyelocytes) compared to Gr-1
+
 granulocytes at a later stage of development (myelocytes and 

metamyelocytes) (n=4 pools of 2 mice per condition). 

I) Percentage of neutrophilic and eosinophilic granulocytes within freshly isolated Gr-1
+
 population 

(n=4 pools of 2 mice per condition). 
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Supplementary Figure S4, related to Figure 2. Gr-1
+
 cells in culture.  

A) Percentage of Gr-1
+
 cells displaying granulocytic and monocytic morphology after 48h in culture 

(n=4 pools of 2 mice per condition). 

B) Representative images and C) quantification by fluorescence microscopy of ndb- and db-derived Gr-

1
+
 cells from GFP

+
 animals after 72h culture. 

D) eFluor450 cell division assay. Representative scatter plots of eFluor450-labelled CD11b
+
 cells 

stained for Gr-1 expression before and after 48h in culture. Quantification represents fold change in 

eFluor450 median fluorescence intensity (MFI) of Gr-1
+
 eFluor450

+
 population during culture. Dashed 

line indicates MFI at 0h (n=3). 

E) FAM poly caspases assay for apoptosis.  Fold change in FAM median fluorescence intensity 

indicative of FAM-fluorescent inhibitor of caspases (FLICA) binding and apoptosis. Ndb and db-

derived Gr-1
+
 cells cultured for 48h and analysed by flow cytometry (n=4). 

Data represents mean of indicated number of replicate experiments. Error bars: SEM.  
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Supplementary Figure S5, related to Figure 4.  Deregulation of Cebpa expression in human patient 

samples and murine macrophages. 

A) Cebpa expression by human peripheral blood granulocytes as determined by qRT-PCR (i) or RNA-

seq (ii). qRT-PCR was performed on cells isolated from 5x healthy volunteers, 2x T1D and 2x T2D 

patients. Cebpa expression is shown relative to H2A. RNA-seq data is from 4x healthy volunteers and 4x 

T1D patients and is presented as FPKM. Error bars are SEM. 

B) Cebpa expression by primary macrophages cultured from total BM of 1x ndb or 1x db mouse for 8 

days in ‘high glucose’ (HG) or ‘low glucose’ (LG) medium. Error bars represent SEM for qRT-PCR 

reactions carried out in technical triplicate and expression is shown relative to H2A. 
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Supplementary Figure S6, related to Figure 6. Rescue of db phenotype in response to Cebpa up-

regulation. 

A) Gr-1
+
 cells from db-derived BM were transfected with an empty vector (i) or a Cebpa expression 

plasmid (ii) and CxCR2 expression assayed by flow cytometry after 24h. Scatter plots are representative 

and bar chart (iii) shows mean CxCR2 median fluorescence intensity (MFI) in response to transfection 

(n=3). Error bars: SEM. 

B) Phagocytosis of Alexa 488-labelled zymosan particles by db-derived Gr-1
+
 cells after 24h culture in 

the absence (i, white circle) or presence (ii, filled circle) of G-CSF. Phagocytosis was allowed to 

proceed for 1h (i and ii) or halted immediately after addition of zymosan particles (iii). Extracellular 

fluorescence was quenched by addition of Trypan blue, then Alexa 488 fluorescence assayed by flow 

cytometry. Control data (iii) was used to gate cells showing high Alexa 488 fluorescence indicative of 

having phagocytised labelled zymosan particles (Alexa 488 ‘high’). Bar chart (iv) shows the mean 

percentage of cells falling into this gate for G-CSF-treated (filled circle) and untreated (white circle) Gr-

1
+
 cells (n=3; error bars: SEM). 
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Supplementary Table S1, related to Table 1.  CEBPA targets deregulated in Gr-1
+
 cells. 

 

Target Fold change in BMD Gr-1
+
 

Acsl1 1.37 

Add3 1.15 

Adfp 0.72 

Agpat9 N/S 

Anxa1 0.84 

C1orf115 0.19 

C1orf38 Undet 

Ccl3 (or Ccl4) 1.87 

Epas1 0.19 

Ereg N/S 

Evi2a,Evi2b N/S 

Fam117a 0.59 

Fam129a 0.50 

Fos 2.34 

Gbp2 (or Gbp1) 0.55 

Gpr109b Undet 

Hvcn1 0.81 

Id1 N/S 

Il18rap 1.32 

Kcne3 0.37 

Lipg 0.14 

Mex3b N/S 

Mosc2 N/S 

Noac7 0.68 

Rgs18 N/S 

Sat1 3.62 

Slc26a2 0.83 

Tcra Undet 

Thbs1 0.45 

Tnfsf10 N/S 

Trak2 1.33 

Trib1 3.52 

Zbtb16 3.48 

P<0.05; reads per million >2; fold difference >1.6.  
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Supplementary Experimental Procedures 
 

Inclusion criteria for human subjects 

 

All subjects were between 18 and 65 years of age, male or female (premenopausal).  Inclusion criteria 

for diabetic patients: type 1 or type 2 diabetes, at least 1 year since diagnosis and stable control of blood 

glucose levels, moderate to severe neuropathy. Exclusion criteria for all subjects: secondary health 

complications including ulcers, severe renal impairment, significant peripheral vascular disease (with or 

without previous clinical intervention), autoimmune conditions or other inflammatory diseases, thyroid 

disease or malignant disease; any individual taking anti-mitotic therapeutic agents, who had ever 

undergone steroid treatment, or who had received an organ transplant. Informed consent was sought 

from all participants prior to blood sampling. 
 

Wounding model 

 

Diabetic and
 
non-diabetic control animals were anesthetized

 
and the dorsum shaved and sterilized with 

antiseptic wipes. 8mm (for NGS) or 10mm (for G-CSF treatment) diameter full-thickness wounds were 

excised including the panniculus
 
carnosus layer. Animals were anaesthetised using 2% isoflurane, 

received buprenorphine at the time of surgery, and were housed in separate cages for the duration of the 

experiment. For G-CSF treatment, wounds were treated with 500ng G-CSF or PBS in a 0.5% 

methylcellulose carrier immediately after wounding and on days 2, 4, 6 and 8. Wound circumference 

was traced every 48h and used to calculate percentage closure relative to starting area in Adobe 

Photoshop. Tissue was collected at the
 
described time points by removing

 
the entire wound area, 

including a 2mm perimeter. Animals were killed by cervical dislocation at the time of tissue collection.  

 

Wound tissue dissociation 

 

Tissue dissociation of wounds was performed as previously described (Bannon et al., 2013). Briefly, 

wounds were harvested at the time point indicated, weighed, and cut into 2mm pieces for overnight 

digestion at 4C in Hank’s Balanced Salt Solution (HBSS, 20µL per mg tissue) containing 1mg/mL 

dispase (Sigma), 3% fetal bovine serum (FBS) and 10mg/mL G418 (Sigma). The cell suspension was 

retained and the tissue transferred to HBSS (80µL per mg tissue) supplemented with 1mg/mL 

collagenase D (Roche) and 37U/mL DNase I (QIAGEN) and shaken at 300rpm for 2h at 37C. Cells 

were then pooled with the cell suspension from the dispase digestion step, passed through a 19G needle 

and then a 70µm filter (BD Pharmingen) to give a single-cell suspension, and resuspended in FACS 

buffer for flow cytometry analysis. 

 

BM-derived Gr-1
+
 cell isolation 

 

BM was flushed from the tibiae and femurs of 1 or 2 diabetic (db) and 1 or 2 non-diabetic (ndb) mice 

into tissue culture medium to give 1 pool of BM-derived (BMD) cells per phenotype. Gr-1
+
 cells for 

culture, morphological analyses or downstream assays were isolated from a filtered single-cell 

suspension using anti-Gr-1 (RB6-8C5, eBioscience) either via biotin-conjugated antibody with the 

FlowComp Flexi system (Life Technologies) according to the manufacturer’s instructions, or by flow 

cytometry as described below. 
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Flow cytometry 

 

For sorting and analysis of fresh and cultured BMD cells and cells derived from wound dissociation, 

cells were first treated with Fc block (BD Pharmingen) for 5 minutes on ice. Flow cytometry was then 

performed using the following fluorescent-conjugated antibodies: rat anti-CCR2 (clone 475301; R&D 

Systems), rat anti-CXCR2 (242216; R&D Systems); rat anti-CD11b (M1/70, eBioscience), rat anti-Gr-1 

(RB6-8C5, eBioscience). Sorting and analysis was performed on a FACSAria II (BD Biosciences) and 

analysis on a CyAn ADP Analyzer (Beckman Coulter). Gates were set to exclude aggregates and debris 

and 25,000 to 50,000 events analysed per sample. Data was analysed using FCS Express (De Novo) or 

FlowJo (Treestar). 

 

Gr-1
+
 cell culture 

 

3 or 4 independent pools of db- or non db-derived BM cells sorted for Gr-1 were cultured at 1x10
6
 

cells/mL for 48h in DMEM supplemented with L-glutamine, 4500mg glucose/L, 110mg sodium 

pyruvate/L, 10% FBS and 1% pencillin-streptomycin and in the presence or absence of GM-CSF 

(100ng/mL) or G-CSF (50ng/mL) as appropriate. All cytokines were from Peprotech. After culture, 

5x10
5
 cells were washed and stained for flow cytometry analysis of CCR2 and CxCR2 expression, 

1x10
5
 cells used for cytospin where appropriate, and the remainder snap-frozen on dry ice for RNA 

isolation. 

 

Macrophage culture 

 

Macrophages were obtained from total BM cultured for 8 days on coverslips in DMEM supplemented 

with L-glutamine, 10% FBS and 1% penicillin-streptomycin, and 10% L929-conditioned medium 

containing M-CSF. ‘High glucose’ culture medium contained 4500mg glucose/L and ‘low glucose’ 

culture medium contained 1000mg glucose/L. 

 

Transient transfection 

 

1x10
6
 Gr-1

+
 cells from the BM of db mice were transiently transfected with 4µg of a pCMV.Cebpa 

expression vector (Source BioScience) containing the full coding sequence (IMAGE ID: 5051761) or an 

empty vector control, using the Nucleofector system (Amaxa) and the mouse macrophage kit. 3-4 

replicate transfections were performed for each condition. After 24h, transfected cells were pooled and 

CxCR2 expression analysed by flow cytometry as described above. 

 

Giemsa staining and morphology analysis 

 

A maximum of 1x10
5
 fresh or cultured Gr-1

+
 cells from 4 independent pools of db or ndb-derived cells 

were resuspended in 200µL isolation buffer (3% FBS in PBS) and spun onto 2 slides for 5 minutes at 

800rpm using a Cytospin III (Shandon). Slides were allowed to dry overnight then fixed in methanol for 

5 minutes before being stained for 45 minutes in 5% fresh Giemsa solution. Dry slides were mounted 

with Neomount and dried overnight. Imaging was performed on an Axiovision upright microscope using 

a 100x oil-immersion objective and 5-10 images captured per slide using an Axiocam colour CCD 

camera and Axiovision software for scoring in Adobe Photoshop and identification with reference to 

Mouse Hematology: A Laboratory Manual (McGarry et al., 2010). Approximately 200 cells were 

counted per pool. 
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Apoptosis, proliferation and survival assays 

 

The FAM poly caspases assay kit (Molecular Probes) was used to measure apoptosis. 1x10
6
 Gr-1

+
 cells 

were cultured for 1h or 48h and harvested simultaneously. Aliquots of 3x10
5
 cells were then treated with 

FLICA reagent for 1h to label active caspases, washed, and analysed by flow cytometry. Fold increase 

in FAM median fluorescence intensity (MFI) indicative of the increased caspase activation associated 

with apoptosis was calculated. Cell proliferation dye eFluor450 was used to assay cell division. 1x10
6
 

CD11b
+
 cells were treated with 10µM eFluor450 for 20 minutes according to the manufacturer’s 

instructions, washed, then cultured for 1h or 48h before simultaneous harvest, staining with anti-Gr-1, 

and analysis by flow cytometry. Fold change in eFluor450 MFI was calculated, with a decrease in MFI 

indicating that cells had divided. Cell survival was assayed by culture of Gr-1
+
 cells from GFP

+
 mice. 

1x10
6
 Gr-1

+
 cells expressing GFP were cultured for 72h. Cultures were visualised every 24h for 72h by 

fluorescence microscopy using a 10x objective on an Olympus 1x71 inverted microscope attached to a 

Hamamatsu C4742.95 digital camera and GFP
+
 cells counted in Adobe Photoshop. Due to poor survival 

of cultured Gr-1
+
 cells and the assays’ minimum cell number requirements, myeloid cells assayed for 

apoptosis, division and survival were cultured in the presence of HEK293T cells seeded in a six-well 

plate at 20% confluency and pre-treated with 10µg/mL mitomycin C (Sigma) to arrest cell division. FSC 

and SSC gates were set to exclude HEK293T cells from all subsequent flow cytometry analyses. 

 

Phagocytosis assay 

 

BM-derived Gr-1
+
 cells from db animals were incubated overnight in the presence or absence of 

50ng/mL G-CSF. Cells were counted using a haemocytometer and 150,000 per condition were 

resuspended in complete DMEM then allowed to rest at 37C/5% CO2 for 1h. Alexa 488-labelled 

zymosan particles (Life Technologies) were resuspended in PBS supplemented with 2mM sodium azide 

and treated with opsonising reagent according to the manufacturer’s instructions. 9µL opsonised 

zymosan was added to the appropriate wells and phagocytosis allowed to proceed for 1h (37C/5% 

CO2). Cells were then placed on ice to halt phagocytosis and Alexa-488 signal assayed by flow 

cytometry. Extracellular fluorescence was quenched by addition of 1.25mg/mL (final) trypan blue 

immediately before analysis. 

 

RNA isolation, cDNA synthesis and qRT-PCR 

 

RNA was isolated from cultured macrophages or sorted bone marrow-derived Gr-1
+
 cells using Trizol 

reagent (Life Technologies) according to the manufacturer’s instructions and treated with TURBO 

DNase I (Life Technologies), followed by heat inactivation, and the concentration determined by 

Nanodrop (Thermo). cDNA was synthesised using 100u BioScript reverse transcriptase (Bioline), 1X 

BioScript reaction buffer, 2.5µM oligo(dT) or random decamer primers (Ambion), 0.5mM dNTPs and 

0.1-1µg total RNA per reaction. RNA samples were preincubated with oligo(dT) or random decamer 

primers for 15 minutes at 65C before adding additional reagents, and then incubated for 1 hour at 42C, 

followed by 5 minutes at 95C. For samples with small amounts of starting RNA template, a second 

round of reverse transcription was carried out. TaqMan qRT-PCR was performed on a StepOnePlus 

machine (Life Technologies) using 0.1-1µL of cDNA per reaction. Reactions were performed in 

technical duplicate or triplicate. Relative expression was calculated for all genes assayed using 

Hist2h2aa1 (mouse) or Hist_1H2AE (human) as reference gene. 
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Next-generation sequencing of Gr-1
+
 cells 

 

Gr-1
+
 cells were obtained from ndb and db mice 3 days after 8 mm-diameter wounds were introduced to 

the dorsum of each animal. Wounds were harvested, including a 2 mm margin of skin and all tissue 

underneath the eschar. Wounds were enzymatically digested and dissociated as described above. Cells 

were isolated from whole BM and tissue-dissociated wounds using the FlowCompFlexi system (Life 

Technologies) as described above then total RNA isolated from Gr-1
+
 cells as described above. Two 

RNA pools from 5 ndb-derived and 6 db-derived BM and wound Gr-1
+
 cells (1-2.5 mg each) were used 

to generate 8 libraries (2 ndb BM-derived, 2 db BM-derived, 2 ndb wound-derived, and 2 db wound-

derived) and sequenced on an Illumina HiSeq 2000 (GATC Biotech) with a read length of 50 bases and 

a depth of 50 million reads per library. Reads were mapped using semi-automatic mapping against one 

transcript database (GATC Biotech) and comparative tables of all 8 samples were provided (FPKM). 

Differentially expressed loci in ndb and db-derived Gr-1
+
 cells from BM and wounds were compared 

separately and considered significant where a t test indicated a P value <0.05 and a difference of 1.5-

fold between the two samples (Microsoft Excel). Datasets are available online at: [insert GEO website 

URL]. 

 

Bioinformatic analyses 

 

Gene enrichment analyses of differentially expressed gene sets (P<0.05, fold change >1.5 between ndb 

and db, expression level >1 FPKM) from Gr-1
+
 cells were performed using the functional annotation 

tool of DAVID v6.7 (NIAID/NIH, david.abcc.ncifcrf.gov). The Benjamini correction for multiple 

comparisons was used to determine significant enrichment. The gene ontology term ‘myeloid cell 

differentiation’ (GO:0030099) gene list was obtained using AmiGO 2 v2.2 (amigo.geneontology.org), 

and differentially expressed genes found in both bone marrow and wound-derived Gr-1
+ 

CD11b
+
 cells 

that were also present in this GO term data set are listed in Table 1. Gene lists were compared using 

Python v3.3.3 (Python Software Foundation). 

Chromatin regulators were identified using the functional annotation tool of DAVID to interrogate the 

differentially expressed gene set (P<0.05) between ndb and db BM-derived Gr-1
+
 cells.  Hits were then 

filtered for fold change (>1.6) and expression level (>2 FPKM) and listed in Table 2. 

NGS data for peripheral blood neutrophils isolated from 4 healthy volunteers or 4 type 1 diabetes 

patients were obtained from GEO (series ID: GSE60424) and analysed with the Tuxedo Suite on the 

Galaxy platform. 

 

ChIP-qPCR 

 

5-6x10
6
 bead-sorted Gr-1

+
 cells were cross-linked for 5 minutes in 1% formaldehyde, then quenched 

with Tris-HCl pH7.5 to a final concentration of 125mM. Cells were lysed for 5 minutes in 50mM Tris-

HCl pH 8.1, 2mM EDTA pH 8.0, 0.1% NP-40, 10% glycerol, 2mM DTT, 1mM PMSF, supplemented 

with protease inhibitor cocktail (Roche), pelleted, then sonicated in 50mM Tris-HCl pH 8.1, 10mM 

EDTA pH 8.0, 1% SDS, 2mM DTT, 1mM PMSF (with protease inhibitor cocktail) for 9 to 13 rounds of 

10 seconds at 40% amplitude using an Ultrasonic Processor 130W (Sonics & Materials, VCX-130) 

equipped with 2mm probe (Fisher, 630-0423). Average fragment size of 500bp was verified by gel 

electrophoresis and chromatin concentration by Nanodrop (Thermo) before proceeding. For 

immunoprecipitation, samples were diluted 1:10 in ChIP buffer (50mM Tris-HCl pH 8.1, 5mM EDTA 

pH 8.0, 200mM NaCl, 0.5% NP-40, 1mM PMSF) and incubated with Dynabeads Protein A (Life 

Technologies) for 1 hour at 4C with rotation to pre-clear the lysate. 100µL total chromatin was set 

aside and constituted the input sample. 3µg rabbit anti-H3K27Ac (ab4729) or 3µg rabbit IgG (Millipore) 
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was then added to the ChIP samples, and tubes rotated at 4C overnight to allow antibody binding. 

Samples were incubated with Dynabeads Protein A for 30 minutes and rinsed once in wash buffer 

(20mM Tris-HCl pH 8.1, 2mM EDTA pH 8.0, 500mM NaCl, 0.1% SDS, 1% NP-40, 1mM PMSF). Five 

further washes in wash buffer were then performed, followed by three washes in each of LiCl buffer 

(20mM Tris-HCl pH 8.1, 2mM EDTA, 1% NP-40, 0.1% SDS, 500mM LiCi, 1mM PMSF), then TE. 

Samples were eluted from the beads by incubation with 50µL 2% SDS in TE for 15 minutes at 25C 

with shaking at 1400rpm, followed by a further 50µL elution step performed at 65C. Eluates were 

pooled and crosslinks reversed overnight by addition of 5µL 5M NaCl and incubation at 65C. For the 

input sample, reversal of crosslinking was followed by incubation with 1µg proteinase K for 1h at 45C. 

All samples were column purified (QIAGEN) and eluted in a final volume of 50µL; ChIP and input 

samples were processed independently. Fold enrichment over rabbit IgG control was calculated relative 

to input for the Cebpa promoter relative to a negative control region after qPCR performed using SYBR 

green (Dynamo) in a reaction volume of 50µL on a Chromo4 Real-Time PCR system (Bio-Rad). 

 

Immunocytochemistry 

 

Macrophages were obtained from total BM as described above. Cells were washed with PBS and fixed 

with 4% paraformaldehyde prior to staining with rabbit anti-HDAC4 (ab1437, Abcam), followed by a 

donkey anti-rabbit secondary antibody conjugated to Alexa Fluor 488. Cells were then mounted in 

Prolong Gold with DAPI and imaged on an Olympus 1X81 inverted confocal microscope at 40x 

magnification. 5 fields of view were taken per slide and median fluorescence quantified for a 5 pixel by 

5 pixel region for the nucleus and for the cytoplasm of every cell captured using Adobe Photoshop. 

 

qPCR primers and Taqman assays 

 

The following qPCR primer pairs and Taqman assays were used for ChIP-qPCR or qRT-PCR as 

appropriate. Cebpa promoter: L: 5’- GAACACTTGACTAGAGTGCTC-3’, R: 5’- 

CTCGTCCACTCGCCTAGG-3’ (Zhang and Friedman, 2011); chromosome 17 negative control region: 

L: 5’- TGAAGTACAGAAGCGAATGAAGG-3’, R: 5’-TTTGCATGCCAGTGATACTTATC-3’. 

Hdac4: Mm012995571_m1. Cebpa: Mm01265914_s1, Hs00269972_s1. Hist2h2aa1: Mm00501974_s1. 

Hist_1H2AE: Hs01027931_s1 (Life Technologies). 
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