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Appendix A. Supplemental materials 

Ethics statement 

All experimental procedures were approved by the Institutional Animal Ethics Committee, and 

performed according to the Canadian Council on Animal Care and US National Institute of 

Health guidelines for the care and use of laboratory animals. 

Animals 

Cd36/apoe double KO mice were bred by crossing cd36-KO mice to apoe-KO mice (Jackson 

Laboratory, Bar Harbor, ME, USA). The resulting cd36/apoe double KO and littermate derived 

apoe-KO mice were of 98.44% C57Bl/6j background (6x backcrossed). Mice were housed under 

standard conditions, with food and water ad libitum. Male mice were used in all experiments. 

Morphometric analysis of aortic lesions 

Atherosclerosis was quantified by en face analysis of oil red-O-stained aorta as described 

previously [1]. The extent of atherosclerotic lesions was expressed as the percentage of aortic 

stained lesion areas relative to the total aorta area by two blinded investigators. 

For determination of aortic sinus lesion areas, frozen hearts kept in Optimal Cutting Temperature 

(OCT) compound (VRW International, Radnor, PA, USA) were provided to the Histology Core 

Facility (Institute for Research in Immunology and Cancer (IRIC), Université de Montréal) and 
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sectioned parallel to the atria. Sequential 8 μm transverse sections, starting from the three valve 

cusps of the aortic sinus, were cut with a cryostat microtome and placed on a microscope slide 

before removing OCT with 70% ethanol [2]. Sections were then stained with oil red-O and 

counterstained with hematoxylin-eosin (Gill Hematoxylin and Intensified Eosin Y, Thermo Fisher 

Scientific, Mississauga, ON, Canada) for plaque area measurement. Up to four sections from each 

specimen were assessed at 80 µm intervals.  The magnitude of atherosclerosis development was 

determined as a percentage of the total aortic sinus areas occupied by lesion. The images were 

digitized by a camera coupled to a light microscopy and analyzed using Adobe Photoshop CS3 

software (Adobe Systems Incorporated, San José, CA, USA) by two blinded investigators, with 4 

mice per group and 2-4 sections per mice. 

Necrosis assessment in aortic sinus lesions  

Necrotic core areas in lesions were measured in hematoxylin-eosin (Thermo Fisher Scientific) 

stained transverse sections of aortic sinuses. Images were acquired using a 20X objective with the 

digital scanner Nanozoomer 2.0 HT and NDP.view 2 software (Hamamatsu Photonics, 

Hamamatsu City, Shizuoka, Japan), then analyzed using Adobe Photoshop CS3 software (Adobe 

Systems Incorporated) by one blind user. Results were expressed as percentage of acellular areas 

in hematoxylin-eosin stained lesions relative to the total lesion surface.  

Cholesterol and triglyceride assays 

Total plasma cholesterol and triglycerides were assayed using the InfinityTM Total Cholesterol 

Reagent/Triglycerides Reagent and calibrator (Thermo Fisher Scientific). 

Cytokine assay by ELISAs 

Concentrations of cytokines and inflammatory biomarkers, including interleukin-6 (IL-6), 

interleukin-1 beta (IL-1β), c-reactive protein (CRP), chemokine C-C motif ligand 2 (CCL-2) and 

tumoral necrosis factor alpha (TNFα) were assayed by ELISA in peritoneal cell supernatants or 

plasma using the mouse ELISA Ready-Set-Go!TM kits (eBiosciences, San Diego, CA, USA) in 

accordance with the manufacturer’s instructions.  

 

 



3 
 

Immunohistochemistry (IHC) studies 

For classical IHC analysis of the brachiocephalic artery (BCA) at the Histology Core Facility 

(IRIC, Université de Montréal), formalin-fixed vessels were embedded in paraffin and cross-

sections of 4 µm were cut along the length of the specimen and up to four sections from each 

specimen were assessed at 40 µm intervals. The sections were deparaffinized using BondTM Dewax 

Solution (Leica Biosystems, Concord, ON, Canada) and antigen recovery [3, 4] was performed. 

For mannose receptor c-type 1 (CD206, MRC1), chitinase-like 3 (YM1, Chil3) and nitric oxide 

synthase 2 (iNOS, NOS2)[5], heat-induced epitope retrieval (HIER) with BondTM Epitope 

Retrieval Solution 1 (Leica Biosystems) was applied for 20 mins. For EGF-like module-containing 

mucin-like hormone receptor-like 1 (F4/80, EMR1) [6, 7], the antigen was retrieved using 

proteolytic enzyme induced epitope retrieval (PIER) (BondTM Enzyme Pretreatment Kit, Leica 

Biosystems) for 10 mins. Sections were then incubated with diluted primary antibody against 

CD206 (goat polyclonal IgG, 1:50 (R&D Systems, Minneapolis, MN, USA)), YM1 (rabbit 

polyclonal IgG, 1:100 (Stemcell Technologies, Vancouver, BC, Canada)), iNOS (rabbit polyclonal 

IgG, Cl: K13-A, 1:2000 (Novus Biological, Centennial, CO, USA)) or F4/80 (rat monoclonal 

antibody, Cl: A3-1, 1:50 (Bio-Rad AbD Serotec, Hercules, CA, USA)) for 30 mins. Detection of 

specific signal was acquired by using BondTM Polymer DAB Refine kit (Leica Biosystems) for 

iNOS and BondTM Intense R Detection System (Leica Biosystems) for CD206, YM1 and F4/80, 

with corresponding diluted secondary Biotin-conjugated antibody (1:100 – Jackson 

ImmunoResearch, West Grove, PA, USA). Using the same final concentration as specific 

antibodies, isotype controls for nonspecific binding were performed for F4/80 (rat monoclonal 

IgG2B, R&D Systems), CD206 (goat polyclonal IgG, Novus Biological) and iNOS (rabbit 

polyclonal IgG, Novus Biological). Immunostained sections were counterstained with 

hematoxylin and images were acquired using a 20X objective with the digital scanner Nanozoomer 

2.0 HT and NDP.view 2 software (Hamamatsu Photonics). The results are expressed as total F4/80 

positive cells in atherosclerotic lesions. The relative percentage of iNOS+ or CD206+ cell numbers 

(versus sum of iNOS+ and CD206+) was determined. Cell counts were performed both manually 

and with software Image J (National Institutes of Health, Bethesda, MD, USA). Collagen was 

assessed in BCA cross-sections using Lillie’s trichrome staining and the results expressed as the 

percentage of the total lesion surface areas. All analyses were performed by two blinded 

investigators, with 4-5 mice per group and 3-4 sections per mice. 
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Immunofluorescence (IF) studies 

Immunofluorescence (IF) staining was performed on formalin-fixed paraffin-embedded BCA 

cross-sections by the Histology Core Facility (IRIC, Université de Montréal). Following dewaxing 

and antigen retrieval using PIER, diluted primary antibody against F4/80 or iNOS (as mentioned 

above) was applied for 1 h at room temperature. A cocktail of corresponding diluted Alexa Fluor®-

conjugated secondary antibody to detect F4/80 (AF488 goat anti-rat IgG, 1:200, Invitrogen, 

Thermo Fisher Scientific) or iNOS (AF594 goat anti-rabbit, 1:200, Invitrogen) epitope was applied 

on each section for 30 mins at room temperature. Slides were counterstained with ProLong™ 

Gold Antifade Mountant (Invitrogen) with DAPI and coverslipped manually. High-

resolution images were acquired manually using a DP71 digital camera mounted on a BX61 

motorized upright microscope with fluorescence filters (FITC/TXRED/DAPI) from Olympus 

(Waltham, MA, USA). 

RT-qPCR analysis 

Total mRNA was extracted from abdominal aorta in RibozolTM RNA Extraction Reagent (VWR 

International, Radnor, PA, USA) using PureLinkTM RNA Micro Kit (Invitrogen). Reverse 

transcription to cDNA was then performed in a total volume of 20 μL with oligo(dT) primers using 

SuperScript IITM Reverse Transcriptase (Invitrogen) at 37°C for 75 mins followed by 10 mins at 

95°C. The samples were diluted 1:10 in DEPC-treated water and kept at -80°C until use. Real-

time qPCR amplification was carried out in a volume of 20 μL with 2 μL of reverse transcription 

reaction, 20 μM of each specific primer and SsofastTM EvaGreen® Supermix (BioRad 

Laboratories, Hercules, CA, USA). The cycling protocol consisted of 40 cycles of 95°C for 30 

seconds, then 20 seconds at 60°C.  

The mRNA levels were normalized to the housekeeping gene β-actin and relative gene 

expression was determined using the comparative 2-ΔΔCt method. 

The murine primer sequences are as follows: 

β-actin 

sense primer 5’ - CAGCAAGCAGGAGTACGATGA - 3’ 

antisense primer 5’ - GAAAGGGTGTAAAACGCAGCTC - 3’ (93 bp); 
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Adgre1 

sense primer 5’- GCAAGGAGAATGAGTCCATTAAC - 3’ 

antisense primer 5’- TGAGACAAAAGCCACTCCTG - 3’ (71 bp); 

CD68  

sense primer 5’ - AGGACCGCTTATAGCCCAAGGAACA – 3’ 

antisense primer 5’ – TCGTAGGGCTGGCTGTGCTTTC – 3’ (116 bp); 

ABCa1 

sense primer 5’ – CTGACGGGAAGAGAGCATGT – 3’  

antisense primer 5’ – TTTGTTGCCGCCACTGTAGT – 3’ (150 bp); 

Mmp14 

sense primer 5’ - GCCCTCTGTCCCAGATAAGCCCAA - 3’ 

antisense primer 5’ - CCAGAACCATCGCTCCTTGAAGACAA - 3’ (121 bp); 

Mmp2  

sense primer 5’ – TGGTCGCAGTGATGGCTTCCTCT – 3’ 

antisense primer 5’ - GGTAAACAAGGCTTCATGGGGGCA – 3’ (94 bp); 

Casp1 

sense primer 5’ - ACAGCTCTGGAGATGGTGAAAGAGGT – 3’ 

antisense primer 5’ – GTGGTCCCACATATTCCCTCCTGGAT – 3’ (122 bp). 

Purification of bone marrow-derived monocytes (BMMs) and oxygen consumption rate 

(OCR) assays 

Bone marrow-derived monocytes (BMMs) were isolated from 18-week-old apoe-/- and apoe-/-

cd36-/- mice fed a HFHC diet (D12108, Research Diets) and injected daily with a s.c. injection of 

vehicle (0.9% NaCl) or 300 nmol/kg azapeptide (MPE-001 or MPE-003) from 6-18 weeks of age. 

Monocytes were purified from bone marrow using a negative selection monocytes isolation kit 

(Stem Cell, Vancouver, British Columbia, Canada), plated for 2 h in Seahorse XF media DMEM 

(Seahorse Bioscience North Billerica, Billerica, MA, USA), followed by real-time analysis of 

OCR with a 96 XFe Seahorse (Seahorse Bioscience North Billerica). Three or more consecutive 

measurements were obtained under basal conditions and after the sequential additions of 1 µM 
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oligomycin (inhibitor of mitochondrial ATP synthase), 1 µM FCCP (carbonyl cyanide m-

chlorophenyl hydrazone), a photonophore that uncouples ATP synthesis from oxygen 

consumption by the electron-transport chain and 1 µM rotenone/antimycin A (inhibitors of the 

electron transport chain). 

Peritoneal macrophage purification and stimulation 

After euthanasia by exsanguination under isoflurane, the peritoneal cavity of 12-week-old male 

mice were washed using 10 mL DMEM cell-culture medium. The cell suspension was purified for 

resident macrophages by depletion of non-target cells using the Monocyte Isolation Kit (Miltenyi, 

Auburn, CA, USA) according to the manufacturer's instructions. The purity of macrophages was 

assessed using APC/Cy7 anti-mouse F4/80 (Biolegend, San Diego, CA, USA) marker and 

PerCP/Cy5.5 anti-mouse CD80 (Biolegend) by flow cytometry. Purified peritoneal macrophages 

(2.5 x 105) from cd36+/+ and cd36-/- mice were seeded on 48-well plates in DMEM containing 10% 

FBS and 20 ng/mL interferon γ at 37°C in a 5% CO2-enriched atmosphere. After 48 h, the cells 

were washed twice with PBS and incubated with DMEM containing 0.2% BSA for 2 h prior to 

stimulation. Peritoneal macrophages were incubated with azapeptides MPE-001 and MPE-003 at 

10-7 M or vehicle, and concomitantly stimulated with 300 ng/mL R-FSL1 (a TLR2/6 selective 

agonist) for 4 h before collecting supernatants for cytokine assay by ELISA. 

Statistical analysis 

All data are presented as mean ± SEM. Comparisons between independent groups on normally 

distributed data were performed using one-way ANOVA followed by pairwise multiple 

comparisons using the Tukey method. Nested one-way ANOVA followed by Tukey was used for 

serial cross-sections of aortic sinus and BCA. Nonparametric analysis using the Kruskal Wallis 

test followed by Dunn`s post hoc was used on non-normal distributed data. (GraphPad Prism 

v.8.4.2. San Diego, CA, USA), as indicated. P values < 0.05 were considered statistically 

significant.  
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Supplemental figures and legends 

 

Supplemental Figure 1: Chemical structures of azapeptide analogues of GHRP-6; (A) [aza-Lys6]-

GHRP-6, (B) MPE-001 and (C) MPE-003. 
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Supplemental Figure 2: Treatment with azapeptides reduced necrotic areas of aortic sinus lesions 

after switching from HFHC to chow diet. (A) Study design. (B) Representative photomicrographs 

of aortic sinuses stained with hematoxylin-eosin from 28-week-old apoe-/- mice (scale bar: 200 

µm). (C) Necrotic areas expressed as percentage of sinus lesion areas. Results are shown as dot 

plots and mean ± SEM 2-4 cross-sections per mice (n = 3-4 per group). ** p < 0.01, **** p < 

0.0001, nested one-way ANOVA followed by Tukey's Multiple Comparison post hoc test.  
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Supplemental Figure 3: Azapeptides did not significantly modulate plasma triglyceride levels. 

(A) Study design. (B) Plasma triglyceride levels of apoe-/- mice at 28 weeks of age. Results are 

shown as dot plots and mean ± SEM (n = 11 mice per group). 
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Supplemental Figure 4: Azapeptides did not modulate body weight gain and weekly food intake. 

(A) Study design. (B) Weekly body weight gain and (C) weekly food intake. Results are expressed 

as mean ± SEM.  
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Supplemental Figure 5: Azapeptides did not modulate blood leukocyte nor monocyte counts. 

Blood sample was taken at sacrifice to perform blood and differential counts analysis. Total blood 

cell count, as well as differential leukocytes counts, were performed. (A) Study design. (B) Blood 

leukocyte counts and (C) blood monocyte counts. Results are expressed as dot plots and mean ± 

SEM (n = 6 (basal) or n = 11 mice per group).   
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Supplemental Figure 6: Immunochemistry negative controls. Representative images of isotype 

control antibodies staining for F4/80 (rat IgG2B), iNOS (rabbit IgG) and CD206 (goat IgG) 

markers on serial cross-sections of BCA at 10X magnification (scale bar: 100 µm). 
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Supplemental Figure 7: Azapeptides did not alter collagen deposition nor cellularity of F4/80+ 

cells within BCA lesion. MPE-003 reduced the iNOS+/YM1+ cell ratio. (A) Study design. (B) 

Representative serial cross-sections of BCA from vehicle (0.9% NaCl)-, MPE-001- and MPE-003 

(300 nmol/kg)-treated mice at week 28 stained with Lillie’s trichrome at 10X magnification (scale 

bar: 100 µm). (C) Percentage collagen in BCA lesions.(D) Cellularity of F4/80+ cells per mm2 of 

lesion. (E) iNOS+/YM1+ cell ratio. Results are expressed as bar graphs ± SEM of 2-4 sections per 

mice and 4-5 mice per group. ** p < 0.01, Kruskal-Wallis test followed by Dunn's Multiple 

Comparison post hoc test.  
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Supplemental Figure 8: Azapeptide treatment reduces steady state mRNA levels of Adgre1 and 

Mmp14 in abdominal aortas. (A) Study design. (B) mRNA levels of Adhesion g protein-coupled 

receptor e1 (Adgre1) encoding for F4/80 protein, (C) Cluster of differentiation 68 (CD68), (D) 

ATP-binding cassette transporter a1 (ABCa1), (E) Matrix metalloproteinase 14 (Mmp14), (F) 

Matrix metalloproteinase 2 (Mmp2) and (G) Caspase-1 (Casp1) in aortic tissue from 8-9 mice per 

group. Values were normalized to β-actin mRNA. Results are expressed as dot plots and mean fold 

change ± SEM versus vehicle set as 1. * p < 0.05, One-way ANOVA followed by Tukey's Multiple 

Comparison post hoc test.  
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Supplemental Figure 9: Atheroprotective effects of azapeptide MPE-001 is CD36-dependent as 

no effects are observed in apoe-/-cd36-/-. (A) Schematic representation of the experimental 

protocol: apoe-/-cd36-/- mice fed a HFHC diet received a daily dose of 300 nmol/kg of MPE-001 

(n = 11) or 0.9% NaCl vehicle (n = 11) from 12 to 20 weeks of age. A baseline group (n = 9), was 

sacrificed at week 12. (B) Representative en face oil red-O-stained aortas from 20-week-old apoe-

/-cd36-/- mice. (C) Percent aortic lesion areas shown as dot plots and mean ± SEM. One-way 

ANOVA followed by Tukey's Multiple Comparison post hoc test. 
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Supplemental Figure 10: Azapeptide treatment did not modulate plasma triglyceride levels. (A) 

Study design. (B) Plasma triglycerides of apoe-/- mice at 20 weeks of age. Results are shown as 

dot plots and mean ± SEM (n = 7-10 mice per group). 
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Supplemental Figure 11: Azapeptide treatment did not modulate body weight gain and weekly 

food intake. (A) Study design. (B) Weekly body weight gain and (C) weekly food intake. Results 

are expressed as mean ± SEM.  
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Supplemental Figure 12: Azapeptides skewed macrophages towards the anti-inflammatory 

phenotype. (A) Study design. (B) Representative serial cross-sections of BCA from vehicle (0.9% 

NaCl)-, MPE-001- and MPE-003 (300 nmol/kg)-treated mice at week 20, immunostained with 

antibodies against F4/80, iNOS and CD206, and with Lillie’s trichrome at 10X magnification 

(scale bar: 100 µm). Enlarged areas (100X) are displayed from the inset (scale bar: 100 µm). (C) 

BCA lesion areas expressed in mm2. (D) F4/80+ cell counts in BCA lesion areas. (E) Relative 

percentage of iNOS+ and CD206+ versus vehicle. (F) Ratio of iNOS to CD206 positive cells in 
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BCA lesions. (G) Percentage collagen in BCA lesions. Results are the mean ± SEM of 4 (0.9% 

NaCl), 5 (MPE-001 and MPE-003) mice per group, n = 3 sections per mice. * p < 0.05, ** p < 

0.01, *** p < 0.001, **** p < 0.0001, nested one-way ANOVA followed by Tukey's Multiple 

Comparison post hoc test.  
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Supplemental Figure 13: Azapeptide treatment tended to reduce the iNOS+/YM1+ cell ratio.          

(A) Study design.  (B) Cellularity of F4/80+ cells per mm2 of lesion (C) iNOS+/YM1+ cell ratio. 

Results are expressed as mean ± SEM of 3 sections per mice and 4-5 mice per group.  
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Supplemental Figure 14: Azapeptide reduced pro-inflammatory cytokines in peritoneal 

macrophages supernatants. Purifed resident peritoneal macrophages from CD36+/+ (wild type or 

WT) or cd36-/- mice were stimulated with 300 ng/mL R-FSL1 (a TLR2/6 selective agonist) in the 

presence of 10-7 M MPE-001, MPE-003 or vehicle, and supernatants were assayed for (A) TNFα 

and (B) CCL-2. Results are expressed as the mean ± SEM (4 mice per group). * p < 0.05, one-

way ANOVA followed by Tukey's Multiple Comparison post hoc test. 

 


