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Online Supplemental Methods 
Mice 
C57BL/6 and Apoe-/- mice were obtained from Jackson Labs. Ccr5-/-Apoe-/- mice were provided 
by Dr. Weber Christian (Institute for Cardiovascular Prevention, Ludwig-Maximilians-University 
Munich, 80336 Munich, Germany). CD45.1Apoe-/- and dsRed Apoe-/- mice were generated by 
cross breeding Apoe-/- mice with CD45.1 mice or dsRed mice (all purchased from Jackson 
Labs). FoxP3GFPApoe-/- mice were provided by Dr. Catherine Hedrick (La Jolla Institute, USA).  
All mice were on a C57BL/6 background. At 8 weeks of age, female and male Apoe-/- and B6 
mice were fed with WD (TD.88137, Harlan). After 12 weeks to 20 weeks of WD feeding, the 
mice were used for flow cytometry. Mice were kept in an AAALAC-approved barrier facility 
under specific pathogen-free conditions. All mice were genotyped using standard PCR protocols 
(Transnetyx). 
 
Aortic single-cell preparation 
Mice were sacrificed by CO2, and aortas were perfused with PBS containing heparin (20 U/ml). 
Aortas or carotid arteries were isolated by removal of all adventitial fat or surrounding muscles, 
cut into small pieces, and incubated for 50 to 60 minutes at 37°C with gentle shaking in a 
mixture of 237 U/ml collagenase type I, 190 U/ml collagenase type XI, 120 U/ml hyaluronidase, 
and 120 U/ml DNase I (all enzymes from Sigma-Aldrich) in HBSS. 
 
Flow cytometry analysis 
Cell suspensions were filtered through 70-μm cell strainers and stained with anti-mouse CD45-
PerCP (clone 30-F11; BD Biosciences), anti-mouse TCRβ Alexa Flour 700 (clone H57-597; 
Biolegend), anti-mouse CD8 APC-Cy7 (clone 53-6.7; Biolegend), anti-mouse FoxP3 eF450 
(clone FJK-16s ; eBioscience), antimouse IFN-γ PE-Cy7 (clone XMG1.2; BD Bioscience), anti-
mouse T-bet APC (clone 4B10; Biolegend), anti-mouse CD25 APC (clone PC61.5; 
eBioscience),  anti-mouse CD44 eF450 (clone IM7; eBioscience), anti-mouse CD62L PE-Cy7 
(clone MEL-14; Biolegend), anti-mouse CCR5 PE (clone HM-CCR5; Biolegend), anti-mouse 
CXCR3 PE-Cy7 (clone CXCR3-173; Biolegend), anti-mouse CCR6 FITC (clone 221002; R&D) 
and LIVE/DEAD® Fixable Aqua Dead Cell Stain Kit (Life Technologies). For intracellular 
staining, FoxP3 staining buffer set (eBioscience) was used. 
 
Quantification of atherosclerosis, histology and immunofluorescence  
Isolated whole aortas were fix with 4% PFA and stained with Sudan IV. Digital images were 
obtained and analyzed by ImageJ to calculate the percentage of plaque area per aorta. Aortic 
roots were frozen in OCT compound on dry ice and stored at -80°C. 5-μm sections were taken 
in the aortic valve plane. Frozen sections were thawed and fixed for 10 minutes in isopropanol 
on ice. Sections were blocked by 10% normal goat serum (Sigma, G9023-10ML) for 1 hour at 
room temperature and then stained by rat anti-mouse CCR5-FITC (clone: HEK/1/85a; abcam) 
and rabbit anti-mouse CD3 (clone: ab5690; abcam), or by rabbit anti-mouse CCL5 (clone R6G9; 
eBioscience) and rat anti-mouse CD31-APC (clone MEC 13.3; BD Bioscience) over night 
followed by staining with secondary antibody: anti-FITC Alexa Fluor 488 (Molecular Probes) and 
anti-rabbit IgG Alexa Flour 650 (Abcam) or by anti-rabbit IgG Alexa Flour 568 (invitrogen). 
Images were acquired on a Leica DM6000 upright microscope using HCX PLAPO ×20 and ×40 
oil-immersion objectives. Co-localization of fluorescence signal from CCR5 and CD3 was 
analyzed by ImageJ. In order to analyze co-localization, background was substracted from the 
CD3 and CCR5 channels. Then a CD3 mask channel showing only CD3 positive cells was 
created. Based on the mask a new CD3 and CCR5 channels which contained signal only within 
the masked area was created.  



 
Cell sorting 
For in vitro T cell homing assay, lymphocytes harvested from spleen were purified by RoboSep 
CD4 T cell negative selection (StemCell Technology). The effector (CD4+CD25-CD44hiCD62L-) 
and naïve (CD4+CD25-CD44loCD62L+) T cells were stained with anti-mouse CD4 PE (clone 
rm4-5; Biolegend), anti-mouse CD25 APC (clone PC61.5; eBioscience), anti-mouse CD44 
eF450 (clone IM7; eBioscience) and anti-mouse CD62L PE-Cy7 (clone MEL-14; Biolegend) and 
then sorted on FACSAria (BD Bioscience).  

 
2 photon imaging 
2-photon imaging was performed using a DM 6000 upright microscope with 4 nondescanned 
detectors (Leica Microsystems) and a Chameleon Ultra Ti: Sapphire laser (Coherent) tuned at 
900–1,000 nm for acquisition using a water-dipping objective (Olympus XLUMPLFL 20XW, 
NA0.95). Emitted fluorescence was split with 2 dichroic mirrors (560 nm and 593 nm) and 
passed through filters (Semrock) at 535/22 nm, 585/40 nm, and 624/40 nm. Typically, 10–20 z 
planes spaced 10–15 μm apart were acquired at 512 × 512 pixels every 1 minute. Images were 
smoothed by median filtering at kernel size 3 × 3 pixels. 3D reconstructions of aortas were 
performed using Imaris software (version 7.1.1 ×64; Bitplane AG) after stitching several z series 
encompassing the artery using XuvTools software.  

Treg suppression assay 
To analyze CCR5Teff cell function, we performed a suppression assay with T cells derived from 
the para-aortic LNs of FoxP3GFPApoe-/- mice on WD >5 month. Splenic CellTrace Violet 
labeled CD4+CD25- (1x104) T cells isolated from Apoe-/- mice on CD were cultured with a-CD3 
mAb (1μg/ml) in the presence of 5x104 irradiated (3000 Gy) T-depleted splenic APCs and 
decreasing amounts of CD4+CCR5+ cells or CD4+CCR5-GFP+ conventional Tregs (at indicated 
ratio) sorted from para-aortic LNs of Apoe-/-Foxp3GFP mice on WD > 5 mth. CellTrace Violet 
labeled CD4+CD25- T cells were also cultured with CD4+CD25+ splenic conventional Tregs from 
Apoe-/-CD mice or without Tregs as controls. After 4 days of culture in complete RPMI 1640 
medium containing 10% FBS, penicillin/streptomycin, l-glutamine, NEAA, HEPES, and sodium 
pyruvate in 96-well round-bottom plates at 37°C and 5% CO2 in a humidified incubator, 
proliferation was measured by CellTrace Violet signal using flow cytometry, and supernatant 
was collected to measure cytokine secretion by mouse Th1/Th2/Th17 cytometric bead array 
(BD Biosciences). 
 
In vivo T cell functional assay 
CCR5Teff (CD4+CD25-CCR5+) were sorted from the paLNs of Cd45.1 Apoe-/- mice on WD for > 
5 months. 2x105 CCR5Teff cells or saline were injected retro-orbitally into Ccr5-/-Apoe-/- mice on 
WD for 2 months. Recipient mice were continued on WD for 12 weeks and sacrificed. Whole 
aortas were isolated, fixed with 4% PFA and stained with Sudan IV. Plaque area was quantified 
by imageJ. 
 
Adoptive transfer 
CCR5Teff (CD4+CD25-CCR5+) cells, Treg (CD4+CD25+CCR5-) and Teff (CD4+CD25-CCR5-

CD44hiCD62L-) were sorted from pooled paLNs from Cd45.1Apoe-/- mice on WD for 5 months. 
2x105 cells or saline were injected retro-orbitally into Ccr5-/-Apoe-/- mice that have been on WD 
for 2 months.  The recipient mice were kept on WD for 12 weeks before scarification. 
 
Cytokine bead array 



CCR5Teff (CD4+CD25-CCR5+), Treg (CD4+CD25+) and Teff (CD4+CD25-CCR5-CD44hiCD62Llo) 
were sorted from pooled paLNs from 5 Apoe-/- on WD for 5 month. Cells were cultured in 
complete RPMI 1640 media containing 10% FBS, penicillin/streptomycin, l-glutamine, NEAA, 
HEPES, and sodium pyruvate in the presence of cell stimulation cocktail (eBioscience) over 
night. Supernatants were collected and cytokine secretion was measured by mouse 
Th1/Th2/Th17 cytometric bead array (BD Biosciences).  
 
RNA sequencing 
CCR5Teff (CD4+CD25-CCR5+), Treg (CD4+CD25+) and Teff (CD4+CD25-CCR5-CD44hiCD62Llo) 
were sorted from pooled paLNs from 5 Apoe-/- on WD for 5 months. RNA was extracted from 
sorted cells using RNeasy micro kit (Qiagen). RNA quality was determined by bioanalyzer. RNA 
was reverse transcribed and tagged using the Nextera kit and RNA sequencing is performed on 
Illumina Hiseq 2500 using rapid run mode following SMARTseq II protocol from Illumina 66.  
 
RNA sequencing data analysis. The single-end reads that passed Illumina filters were filtered 
for reads aligning to tRNA, rRNA, adapter sequences, and spike-in controls. The reads were 
then aligned to UCSC mm9 reference genome using TopHat (v 1.4.1) 67.  DUST scores were 
calculated with PRINSEQ Lite (v 0.20.3)68 and low-complexity reads (DUST > 4) were removed 
from the BAM files.  The alignment results were parsed via the SAMtools 69  to generate SAM 
files. Read counts of each genomic feature were obtained with the htseq-count program (v 
0.6.0)70  using the “union” option. After removing absent features (zero counts in all samples), 
the raw counts were then imported to R/Bioconductor package DESeq271  to identify 
differentially expressed genes among samples. DESeq2 normalizes counts by dividing each 
column of the count table (samples) by the size factor of this column. The size factor is 
calculated by dividing the samples by geometric means of gene counts (nth root of the product 
of gene counts across samples). This normalizes the counts being averaged, so that no counts 
dominate the weighting. P-values for differential expression were calculated using binomial test 
for differences between the base means of two conditions. These p-values were then adjusted 
for multiple test correction using the Benjamini Hochberg algorithm72 to control the false 
discovery rate. We considered genes differentially expressed between two groups of samples 
when the DESeq2 analysis resulted in an adjusted P-value of <0.01. Cluster analyses including 
principal component analysis (PCA) and hierarchical clustering were performed using standard 
algorithms and metrics. Hierarchical clustering was performed using complete linkage with 
Euclidean metric. The sequences and reads counts used in this article have been submitted to 
the Gene Expression Omnibus under accession number XXXX 
(http://www.ncbi.nlm.nih.gov/geo/). 
 
  



Online Figure I. Digestion process affects surface expression of CD4, CCR5 and CD62L. 
PaLNs were harvested from Apoe-/- mice fed on WD>5mth. Single cell suspension were split 
into two tubes. One was digested by enzyme cocktail as described in methods section. The 
other one was not digested. Cells were analyzed by multi-color flow cytometry. The 
populations shown in the figure are all gated on live singlets CD45+ cells.  
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Online Figure II. CCR5 expression on T cells peaks at 5 month on WD in the aorta 
of Apoe-/- mice. Aortas from Apoe-/- WD mice (n=5 in each group) were harvested at 
different time point. Aortas were digested and the cells were analyzed by multi-color flow 
cytometry. The populations shown in the figure are gated on live CD45+TCRb+CD11b- T 
cells. Gatings are set based on FMO controls and isotype controls. Values are mean
±SE. * p<0.05 5month vs. 3 month, n=5, T-Test. 
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Online Figure III. CD8+ T cells from P14 mice stimulated in vitro express CXCR3. 
CD8+ T cells from p14 mice (transgenic mice of which the T cells recognize a peptide 
derived from lymphocytic choriomeningitis virus) were cultured in vitro with 10 U/ml rhIL2 
for 6 days.  Single cells suspension were stained by CXCR3 antibody or isotype 
antibody. Aortic single cell suspension from Apoe-/- WD mice was stained with the same 
CXCR3 antibody. The stained cells were analyzed by multi-color flow cytometry.  
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Online Figure IV. CCR5 or CXCR6 expression on T cells is not increased in the 
paLNs or spleen of Apoe-/- WD mice. paLNs and spleens from Apoe-/- WD mice, 
Apoe-/- CD mice and C56BL/6 WT mice (n=5 in each group) were harvested and the 
cells were analyzed by multi-color flow cytometry. The populations shown in the figure 
are gated on live CD45+TCRb+CD11b- T cells. Gatings are set based on FMO controls 
and isotype controls. Values are mean±SD. * p<0.05 T-Test. 
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Online Figure V. Splenic T cell populations in CCR5-/-Apoe-/- mice are similar to 
deRedApoe-/- mice. Splenocytes from CCR5-/-Apoe-/- and dsRedApoe-/- mice fed on 
WD for 5 months were analyzed by flow cytometry. The populations shown are gated 
on live singlets CD45+ cells. 
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Online Figure VI. CCR5 deficient T cells efficiently homing to the lymphoid 
organs and blood in Apoe-/- WD mice. Totally 60x106 splenocytes from dsRedApoe-/- 
mouse and Ccr5-/-Apoe-/- mouse at 1:1 ratio were adoptively transferred to 
CD45.1Apoe-/- WD mouse by retro-orbital injection. 24 hrs after transfer, the recipient 
mouse was sacrificed. Para-aortic LNs (pLN), spleen (spl), axillary LN (Axi) and blood 
(bld) were harvested and the cells were analyzed by flow cytometry. CD45.2 cells were 
gated from live, singlets, CD45.2+CD45.1-. The percentage of transferred TCRβ+CD4+ 
T cells and all CD45.2 leukocytes is normalized by its percentage in the input. Data 
shown is the fold change of Ccr5-/-Apoe-/- vs. dsRedApoe-/-. * p<0.05, t-test.  
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Online Figure VII . Permeabilization decreases CCR5 staining on T cells in the aorta of 
Apoe-/- mice on WD for 5. Aortas were harvested from Apoe-/- mice fed on WD for 5mth and 
digested as described in methods. Single cell suspension were stained with antibodies against 
surface antigens including CCR5 and followed by permeabilization or not. Cells were analyzed 
by multi-color flow cytometry. The populations shown in the figure are all gated on live singlets 
CD45+ TCRβ+cells.  
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Online Figure VIII. CCR5Teff cells are not present in the spleen of Apoe-/- WD mice. 
Spleens were harvested from Apoe-/- WD mice. Single cell suspension from spleen were 
analyzed by multi-color flow cytometry. The populations shown in the figure are all gated on 
live CD45+ siglets TCRβ+ T cells. Gatings are set based on FMO controls and isotype controls. 
One representative experiment is shown.  
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Online Figure IX. Conventional Tregs and FoxP3+IFN-γ+ cells from the paLNs of 
FoxP3GFPApoe-/- WD mice. PaLNs were harvested from FoxP3GFPApoe-/- mice on 
WD>5mth. Single cell suspension from paLNs were analyzed by multi-color flow cytometry. 
The populations shown in the figure are all gated on live singlets CD45+ CD4+ T cells. Cells 
from CD4+CCR5+ are mostly FoxP3+IFN-γ+ cells. Cells from CD4+CCR5-GFP+ are mostly 
FoxP3+IFN-γ- conventional Tregs.  
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Online Figure X. CCR5+CD4+ T cells do not increase iNOS in the aorta of Apoe-/- 

mice. Fresh frozen aortic root sections from A and B, Apoe-/- WD mice C, Ccr5-/-Apoe-/- 

mice that transferred with 2x105 CCR5+CD4+ T cells or D, saline from Figure 7 were fixed 
and stained with fluorescently labeled antibodies against iNOS (red) and CD11c (green). 
E, 2 x 105 CCR5Teff (CD4+CCR5+), Treg (CD4+CCR5-CD25+), or Teff (CD4+CCR5-CD25-

CD44hiCD62L-) sorted from paLNs were cultured with explanted aorta from Apoe-/- CD 
mice over night. iNOS+ from F4/80+ cells were quantified by flow cytometry. Cells were 
gated on CD45+live singlets F4/80+ iNOS+. n=5. 
























