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Abstract

Background and aims: Isolation of cellular constituents from the mouse aorta is commonly 

used for expression or functional analyses in atherosclerosis research. However, current 

procedures to isolate primary cells are difficult, inefficient, and require separate mice. RNA 

extraction from aortic intima and media for transcriptomic analysis is also considered difficult 

with mixed RNA yields. To address these gaps, we provide: 1) a rapid, efficient protocol to isolate 

and culture diverse cell types concomitantly from the mouse aorta using immunomagnetic cell 

isolation; and 2) an optimized aortic intimal peeling technique for efficient RNA isolation from the 

intima and media.

Methods and Results: Aortic cells were obtained using an enzymatic solution and different 

cell types were isolated by magnetic beads conjugated to antibodies targeting endothelial cells 

(CD31+), leukocytes (CD45+), and fibroblast cells (CD90.2+), and smooth muscle cells were 

isolated by negative selection. Our protocol allows the isolation of relatively large numbers of cells 

(10,000 cells per aorta) in a predictable manner with high purity (>90%) verified by cell-marker 

gene expression, immunofluorescence, and flow cytometry. These cells are all functionally active 
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when grown in cell culture. We also provide a rapid method to collect aortic intima-enriched 

RNA from Ldlr−/− mice utilizing an intima peeling approach and assess transcriptomic profiling 

associated with accelerated lesion formation.

Conclusions: This protocol provides an effective means for magnetic bead-based isolation of 

different cell types from the mouse aortic wall, and the isolated cells can be utilized for functional 

and mechanistic studies for a range of vascular diseases including atherosclerosis.
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1. INTRODUCTION

Atherosclerosis and its attendant ischemic cardiovascular complications have emerged as 

the leading causes of death in industrialized countries.1, 2 The increased prevalence of 

cardiovascular disease has become a global health crisis in recent years owing to the 

progressive aging of our societies and the consequences of modern unhealthy lifestyles, 

posing a serious threat to public health. Atherosclerosis is a chronic inflammatory disease, 

characterized by the formation and growth of a lipid-laden plaque within the vasculature. 

This multifactorial process is characterized by endothelial cell (EC) dysfunction, monocyte 

recruitment and adhesion, foam cell formation, smooth muscle cell (SMC) migration and 

remodeling, and extracellular matrix remodeling and fibrosis.2, 3 Isolation of the cellular 

constituents of the mouse aorta is commonly used for expression or functional analyses 

to investigate different aspects of plaque formation in experimental atherosclerosis models. 

However, research in this area is hampered by the inefficiency of current isolation protocols, 

often requiring the use of separate mice for each cell type desired.

To date, there are several reported protocols for obtaining different cell types from mouse 

aorta; however, these procedures are either simply focused on isolation of one specific cell 

type by selection for specific markers or require long periods (weeks) of time for the isolated 

primary cells to grow and proliferate in culture.4–6 Herein, our protocol provides a rapid 

and efficient method to simultaneously isolate mouse aortic cells including ECs, leukocytes, 
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SMCs, and fibroblasts. Furthermore, we were able to obtain increased numbers of viable 

cells in a predictable manner (approximately 10,000 cells per mouse aorta after enzymatic 

digestion) compared to conventional methods, and over 90% purity of the magnetic beads-

selected cells as verified by immunofluorescence staining, transcript expression, and flow 

cytometry.

In addition, we also provide a rapid and simple method to collect aortic intima-enriched 

RNA utilizing an intima peeling approach, which was used to assess transcriptomic profiling 

from Ldlr−/− mice on a high fat, high sucrose-containing (HFSC) diet in a model of 

accelerated lesion formation. 7

We anticipate that this magnetic bead-based protocol will provide a more effective means 

for simultaneous isolation of different cell types from the mouse aortic wall. The isolated 

aortic cells, together with the RNA collected from aortic intima and media, can be utilized 

for functional and mechanistic studies in a broad range of applications for vascular diseases 

including atherosclerosis.

2. MATERIALS AND METHODS

All methods are described in detail. The data that support the findings of this study are 

available from the corresponding author on reasonable request.

Detailed methods are provided in the online Supplementary Material.

2.1 Enzymatic digestion of aorta

One isolated aorta was placed into a 1.5 ml tube containing 1 ml of enzyme mix 

(Supplementary Table 1) and was chopped into small pieces with scissors in the enzyme 

mix. Aorta were further digested at 37°C for 20-45min at 750 rpm, stopping as soon as 

digestion completed with the addition of 10ml of 0.4% BSA-DPBS. After washing a 70 

μm filter with 2 ml 0.4% BSA-DPBS, the digested cell suspensions were then filtered. 

After centrifugation for 5 min at 1750 RPM at 4 °C, digestions were resuspended in 10 ml 

0.4% BSA-DPBS buffer. After centrifugation for 5 min at 1750 RPM, digested cells were 

resuspended in 100 μl of 0.4% BSA-DPBS. The single cell suspensions were stained with 

trypan blue and live cells counted with hemocytometer. Approximately 100,000 cells can be 

isolated from one mouse aorta.

2.2 CD45+ leukocyte isolation

After resuspension of the cell pellet in 90 μl of buffer per 107 total cells, 10 μl of anti-CD45 

MACS MicroBeads was added, mixed, and incubated for 15 min at 4°C. After washing 

cells by adding 2 mL of buffer and centrifuging at 300xg for 10 min, supernatants were 

completely removed, and cell pellets were resuspended in 500 μl of buffer. After placement 

of an LS column in the magnetic field of a suitable MACS Separator, the columns were 

washed by rinsing with 3 ml of buffer, and the cell suspension was applied into the 

column. After pre-washing the column 3 times with 0.4% BSA-DPBS, the total effluent was 

collected by passing the cell suspension through the column as CD45- cells. After removal 

of the column from the separator and placing it on 15 ml tube, 3 ml of buffer was pipetted 
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onto the column, and the magnetically labeled CD45+ cells were immediately flushed out by 

pushing the plunger into the column.

2.3 CD90.2+ cell isolation

After centrifugation of CD45- cell suspensions at 300xg for 10 min and removal of 

supernatants, the cell pellets were resuspended in 100 μl of buffer. Cells were stained with 

anti-CD90.2 by adding 10 μl CD90.2-PE antibody, mixing well, and incubating for 15 min 

in the dark at 4°C. Cells were washed by adding 2 ml of buffer, centrifuging at 300xg for 10 

min, and resuspending cell pellets in 80 μL of buffer. 20 μl of anti-PE MACS MicroBeads 

were added, mixed, and incubated for another 15 min at 4°C. Cells were washed by adding 

2 ml of buffer, centrifuging at 300xg for 10 min and resuspending the cell pellet in 500 μl of 

buffer. After pre-washing the column 3 times with 0.4% BSA-DPBS, the total effluent was 

collected by passing the cell suspension through the column as CD45- CD90.2- cell. After 

removal of the column from the separator and placing it on a 15 ml tube, 3 ml of buffer 

was added onto the column and the magnetically labeled CD90.2+ cells were flushed out by 

pushing the plunger into the column.

2.4 CD31+ EC and smooth muscle cell (CD45-CD90.2-CD31- cell) isolation

After centrifugation of the CD45-CD90.2- cell suspension at 300xg for 10 min, the cell 

pellet was resuspended in 90 μl of buffer, 10 μl of anti-CD31 MACS MicroBeads were 

added, mixed, and incubated for 15min at 4°C. Cells are washed by adding 2 ml of buffer 

and centrifugation at 300xg for 10 min and resuspension of cell pellet in 500 μl of buffer. 

The column was pre-washed 3 times with 0.4% BSA-DPBS prior to the selection of the 

cells, and total effluent was collected by passing the cell suspension through the column as 

CD45-CD90.2-CD31- cells, which were considered smooth muscle cells. After removal of 

the column from the separator, the magnetically labeled CD31+ cells were flushed out with 

buffer by pushing the plunger into the column.

2.5 Intimal RNA isolation from aorta tissue

After preparing a 5 ml syringe with cold DPBS with winged infusion set needle, the isolated 

aorta (from ascending to diaphragm) was placed in a 100 mm culture dish. Under the 

dissecting microscopy, the winged infusion set needle was inserted into the diaphragm end 

of the aorta and the aorta carefully flushed with cold DPBS for 10 s. The aorta should 

be blood free (clean and white) after the DPBS perfusion. After preparing a 5 ml syringe 

filled with TRIzol reagent (Invitrogen) and connecting the syringe with winged infusion set 

needle, the prepared winged infusion set needle was inserted into the diaphragm end of aorta 

and the aorta was carefully flushed with TRIzol for 10 s, followed by a 10 s pause, and 

flushed another 10 s. The TRIzol was collected in an Eppendorf tube (~700 μl in total), and 

snap-frozen in liquid nitrogen (related to Fig. 3A).

3. Results

3.1 Aortic digestion protocol for FACS and single cell profiling

Our digestion protocol from aorta of eight-week-old C57BL/6 mice yielded relatively large 

numbers of cells (100,000 per mouse aorta) and high viability (over 90%) was confirmed by 
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trypan blue (Fig. 1A and B). To identify the diverse types of aortic cell populations under 

different diet or disease models, flow cytometry and single-cell transcriptomic analysis are 

two commonly used methods in which the quality of the single cell suspension is one of 

the most important key steps for orchestrating both analyses. Flow cytometry profiling and 

gating strategy allowed for targeting major cellular constituents of the vessel wall including 

CD45+ cells (leukocytes), CD90.2+ cells (fibroblasts), CD31+ (endothelial cells), α-SMA 

(smooth muscle cells), F4/80 (macrophage), CD3+ cells (total T cells), CD8+ and CD4+ T 

cells (Supplementary Fig. 1A). We next performed a single-cell analysis on digested aorta. A 

total of 71,446 cells from 8 mouse aortas met quality control metrics. By using the digestion 

protocol, we obtained high quality of single-cell sequencing data (Supplementary Fig. 2). 

The clusters were identified based on the identified markers genes (Supplementary Table 

II) and was visualized using embedding algorithms uniform manifold approximation and 

projection (UMAP) that classified the cells into 8 major subtypes (Supplementary Fig. 3A–

D). The aortic gene markers expression in each cell type was further confirmed in UMAP 

and violin plot (Supplementary Fig. 4 and 5). Taken together, our optimized digestion 

protocol provides an opportunity to obtain high-quality living cells for subsequent research 

including both flow cytometry and single-cell transcriptomic analysis.

3.2 Development of a rapid, high yield, high purity approach to isolate aortic cells using 
magnetic beads

To develop a more efficient strategy to isolate specific aortic cell types without the need for 

flow cytometry, we applied a magnetic beads-based isolation approach with the anticipation 

that such a rapid approach would provide high yields and purity. To confirm the purity 

of targeted aortic cells isolated by magnetic beads from eight-week-old C57BL/6 mice 

(Fig. 1C), a comprehensive set of methods including flow cytometry, RT qPCR, and 

immunofluorescent staining was performed. Flow cytometry analysis showed the purity of 

isolated leukocytes expressed high levels of CD45 (90.8%), and Isolated endothelial cells 

were enriched in CD31 (80.4%). Similarly, isolated CD90.2+ fibroblasts (97.2%) showed 

specific enrichment for fibroblast markers CD90.2 and mEF-SK4, and isolated vascular 

smooth muscle cells had expression of α-SMA (~98%) (Fig. 1D and Supplementary Fig. 

1B). We next measured the expression of cell markers for each type of aortic cells and 

found isolated leukocytes highly expressed Mrc1, Arg1, Ly6c and Emr1; fibroblasts highly 

expressed Vim, Cola1a, and Pdgfa; endothelial cells highly expressed Cdh5 and Cd31; and 

smooth muscle cells highly expressed Sm22a and Acta2 (Fig. 1E). Additionally, isolated 

cells were cultured in the dish for 1 passage and stained with cell markers including 

CD31, Vimentin, and α-SMA (Fig. 1F). The immunofluorescent staining results showed 

that endothelial cells specifically expressed CD31, fibroblast cells expressed Vimentin, and 

smooth muscle cells expressed α-SMA. Collectively, these isolated aortic cells showed high 

purity by using the magnetic beads-based isolation method.

3.4 Functional characterization of magnetic beads isolated primary aortic cells

To confirm the phenotypic function of aortic cells after magnetic beads-based isolation, we 

performed different functional assays for each type of cells. We treated primary ECs with 

lipopolysaccharide (LPS) (1μg/ml, 24 h) and found that endothelial cell adhesion molecules 

including Sele, Icam-1 and Vcam-1 were significantly upregulated (Supplementary Fig. 6A).
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Vascular endothelial growth factor (VEGF) is a potent angiogenic factor and was first 

described as an essential growth factor for vascular ECs.8 VEGF signaling increases 

production of nitric oxide in vascular ECs via activation of eNOS.9 To assess the 

functionality of ECs after magnetic beads-based isolation, primary ECs were treated with 

VEGF (100 ng/ml) for 10 minutes and eNOS phosphorylation was examined by Western 

blot analysis with a phospho-eNOS-specific (Ser1177) antibody. Isolated ECs showed 

increased eNOS activation after 10 minutes in response to VEGF stimulation (Fig. 2A 

and Supplementary Fig. 6B). The tube-like network formation assay in Matrigel is a rapid 

and quantitative method for determining the angiogenic function of ECs10. As shown in 

Figure 2B and Supplementary Figure 7, isolated ECs demonstrated typical network tube-like 

structures in Matrigel within 6-8 hours.

We next tested primary SMCs in two related functional assays – scratch and BrdU assays. 

Both assays demonstrated that primary SMCs significantly increased proliferation and 

growth in response to transforming growth factor beta (TGF-β1) treatment (4 ng/mL for 24 

h; Fig. 2C and D). Consistently Sm22a and Myh11 expression were significantly increased 

in SMCs under TGF-β1 treatment as demonstrated by RT-qPCR (Supplementary Fig. 6C). 

We treated primary fibroblasts with angiotensin II (up to 200nM for 24 h) and observed a 

robust increase in extracellular matrix associated genes including Col1a1, Col1a3, Col1a5, 

and matrix metalloproteinase-2 (Mmp2) as shown by RT-qPCR (Supplementary Fig.6D).11 

Immunofluorescent staining also showed that angiotensin II (200 nM, 24h) significantly 

increased the presence of Cola1a1 in fibroblasts (Fig. 2E).

Finally, leukocytes were cultured in macrophage conditioned medium for 3 days prior to 

further characterization. The attached cells were found to be positive for the macrophage 

marker F4/80 as examined by flow cytometry (Fig. 2F). We treated the attached aortic 

macrophages with LPS (1 ug/ml, 24h) and found that the pro-inflammatory genes including 

Il6, Tnf-α, and Il1β were significantly increased (Fig. 2G). The attached aortic macrophages 

were also assessed for foam-cell formation.12, 13 After treatment with Dil-oxLDL (100 

ug/ml, 24h), macrophages exhibited robust Dil-oxLDL uptake (red) as indicated by 

fluorescent lipid droplet presence (Fig. 2H). Taken together, these classical functional assays 

demonstrate that our approach of utilizing magnetic beads isolated a diverse set of primary 

aortic cells which maintain phenotypic and functional characteristics relevant to ex vivo 
studies used in atherosclerosis research.

3.5 Identification of aortic intima and media gene markers using intima peeling 
separation of aortic intima and media

An alternative rapid approach to identify transcripts only within the intima of the blood 

vessel wall is using an aortic intima peeling strategy where TRIzol is pumped through the 

aorta and lysates are collected (Fig. 3A). Using this separation method, we collected RNA 

and performed a transcriptomic analysis of the aortic intima and media from Ldlr−/− mice 

fed with either a chow diet (age-matched control) or a HFSC diet for 12 weeks. RNA 

sequencing (RNA-seq) profiling captured 10,033 differentially expressed genes comparing 

the aortic intima and media (false discovery rate (FDR), <0.05). Among the differentially 

expressed genes, we found that EC and leukocyte cell markers were significant enriched in 
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the intima, while SMC and fibroblast gene markers were significantly enriched in the media 

(Fig. 3B, Supplementary Table II). Interestingly, different subsets of immune cells including 

macrophages, monocytes, dendritic cells, T cells, and natural killer cells were shown highly 

enriched in the intima, while mast cells were enriched in the media (Supplementary Fig. 9A, 

Supplementary Table III). These RNA-seq results demonstrate that the aortic intima peeling 

method is an effective strategy for separating the aortic intima and media.

3.6 Cell heterogeneity changes and dysregulated cell processes classically involved 
in atherosclerosis in mice discovered by using enzymatic digestion and intima peeling 
isolation of intima and media

To gain insights on dynamic transcript changes in the aorta in response to an accelerated 

high fat high sucrose (HFSC) containing diet in Ldlr−/− mice.7 We first used the aortic 

digestion protocol and compared the cell heterogeneity changes of using flow cytometry. As 

expected, leukocyte CD45-positive cells were significantly increased in Ldlr−/− mice fed a 

HFSC for 12 weeks compared to a regular chow diet group (age-matched control, 12 weeks 

on chow diet) (Fig. 3C), while CD31-positive (EC) and CD90.2-positive cells (fibroblast) 

showed no difference (Supplementary Fig. 8). Using the intima peeling method from both 

HFSC- and chow-diet fed Ldlr−/− groups, the aortic intima RNA was collected and RNA-

seq profiling captured a total of 2,902 differentially expressed genes comparing the 2 groups 

(false discovery rate (FDR), <0.05). Heatmaps demonstrate that specific subsets of leukocyte 

markers were significantly increased in the HFSC atherosclerosis group, indicating a pro-

inflammatory state within the intima layer in this mouse atherosclerosis model (Fig. 3D). 

To identify enriched pathways derived from these intimal transcripts, we performed a gene-

annotation enrichment analysis on the set of differentially expressed genes using the DAVID 

functional annotation tool in combination with R package GOplot14 (adjusted P-value < 

0.05). GOcircle plots, dot plot and GOchord plots of enriched pathways showed increased 

cell adhesion, innate immune response, positive regulation of cell migration, and chemotaxis 

in the intimal HFSC atherosclerotic group compared to the chow control group (Fig. 3E, 

Supplementary Fig 9B and C). Collectively, these data highlight the utility of using the 

intimal peeling technique to capture distinct transcripts and signaling pathways in response 

to an accelerated model of atherosclerosis.

4. DISCUSSION

Isolation of cellular constituents of the arterial wall is an integral part of vascular disease 

research, including atherosclerosis. The present study demonstrates two strategies: 1) a 

simple and rapid method to isolate and culture a diverse range of aortic cell types including 

endothelial cells, smooth muscle cells, fibroblasts, and leukocytes from the mouse arterial 

wall; and 2) an aortic intimal peeling technique using TRIzol to separate the intima and 

media in order to more effectively capture relevant transcripts in these distinct arterial 

wall compartments. Using our aortic digestion protocol, it is possible to investigate the 

extent of cellular heterogeneity within different cell populations through applying different 

assays including flow cytometry, immunofluorescent staining, and single-cell transcriptome 

analysis. We found that the specific enzymatic preparation is critically important for the 

viability and quality of aortic cells, and we specified the optimal enzymatic cocktail recipe 
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and key steps in the methods section. Notably, the enzymatic digestion procedure in our 

protocol preserved the surface antigens of aortic cells well. The quality of single-cell 

suspension is the most important key steps for orchestrating further single-cell analysis 

and the digested cell suspension using our protocol aligns with the high-quality standard for 

droplet-based single-cell sequencing.

A unique aspect of this protocol is the ability to capture non-activated aortic fibroblasts. 

While CD90.2 can recognize both T cells and fibroblasts, our isolation method excludes the 

potential mix of T cells and fibroblasts. We first utilized anti-CD45 bead isolation to isolate 

leukocytes (including T lymphocytes) from aortic cells. The CD45-negative cells were then 

used for further isolation thereby enriching for fibroblasts. After isolation, we used DMEM 

with 10% FBS to culture the isolated fibroblasts and washed after 24h. Consequently, T 

cells will be nonadherent and cannot survive in the growing medium conditions. As shown 

in Figure. 1 and Supplementary Fig. 1, the purity of isolated fibroblasts in this method is 

over 97.2% and they did not express any CD45. In theory, other fibroblast markers could 

be considered such as fibroblast-specific protein 1 (FSP1) or collagen type 1 alpha 1 chain 

(Col1a1). However FSP-1 has been challenged for the specificity as a fibroblast marker 

since other cell types infiltrating injured tissues can also express FSP1 including vascular 

smooth muscle cells 15, macrophages16, and dendritic cells 17. Given that vascular smooth 

muscle cells are a major subtype of aortic cells and are isolated by negative selection 

in our method, FSP1 may not be a good choice in aortic fibroblast isolation. Similarly, 

Col1a1 is considered as an activation signature marker 18. For in vitro experiments, non-

activated fibroblasts are typically preferred and can then be activated by diverse stimuli. In 

addition, during endothelial-mesenchymal transition, the expression of Col1a1 is increased 

in endothelial cells 19. Hence, it is not feasible to use Col1a1 as a selection marker to isolate 

fibroblast in this protocol.

Several previously published protocols have been focused on isolating and culture of 

mouse aortic cells.20 There were two commonly proposed approaches: one approach 

involved explanting fragmented vascular tissues and then allowing time for aortic cells 

(i.e. smooth muscle cells) to migrate out from the explanted vascular tissue fragments.21, 22 

The other approach involved isolating aortic cells via enzymatic digestion of the aortic 

walls, followed by immunomagnetic cell sorting.11,1 Regarding the first approach, a higher 

risk of contamination is incurred since it requires several days for the cells to migrate 

from the chopped vascular tissue. Previously reported methods using the second common 

immunomagnetic cell sorting approach to isolate mouse aortic cells was developed to only 

focus on one specific cell type, i.e. ECs 23, or fibroblast cells.24 To our knowledge, no 

comparable mouse aortic cell isolation and culture protocol has so far allowed the successful 

simultaneous separation and yield of the four major cell types (ECs, SMCs, leukocytes, and 

fibroblasts) from the arterial wall. Our digestion and magnetic bead-based protocol allows 

isolation and comparison of the proportion of distinct cell types in aortic walls from mice 

with different genetic backgrounds or in response to diet or drug treatment. Our protocol 

also provides an option to utilize primary aortic cells including ECs, SMCs, and fibroblasts 

in culture for functional cell-based assays. From an individual aorta, yield of ECs using the 

isolation protocol is limited since the percentage of ECs in the aortic wall is relatively low 

compared to other constituents of the vessel wall. For the purpose of performing EC related 
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functional assays, we would suggest to pool 10 aortas to achieve a reasonable number of 

ECs (typically yields 2^106 ECs). The isolated ECs could also be cultured in the dish for 3-5 

days to achieve better yield for experimental purpose.

Lastly, we provide a quick and simple method to collect aortic intima-enriched RNA 

utilizing an intima peeling approach with TRIzol. This rapid and efficient RNA isolation 

technique allows investigation of transcriptome analysis in the aortic intima and media 

layers in different mouse models, which has been applied in our recent screening of novel 

non-coding transcripts in experimental atherosclerotic mice.25–30

4.1 Conclusion

We developed an improved, rapid, and effective method for magnetic beads-based isolation 

of different cell types from the mouse aorta and a quick RNA isolation technique from both 

aortic intima and media. The isolated and purified primary aortic cells maintain phenotypic 

characteristics in cell culture. The isolated aortic intima and media can be utilized for a 

range of transcriptomic analyses. Taken together, the magnetic beads-based isolation of 

aortic cells and intima and media RNA separation approach provide powerful tools for 

functional and mechanistic studies in vascular diseases including atherosclerosis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• We provide an optimized enzymatic digestion strategy for aortic cells, 

allowing a relatively large yield of aortic cells with over 90% viability. The 

cell suspension is ideal for further single cell transcriptomic analysis, flow 

cytometry analysis, and primary aortic cell isolation.

• A new magnetic bead based-aortic cell selection method can provide a 

rapid and efficient approach to simultaneously isolate primary ECs, SMCs, 

leukocytes, and fibroblasts from the same mouse aorta.

• The isolated primary cells can be cultured and utilized for further functional 

assays related to vascular biology and atherosclerosis research.

• An optimized intima peeling approach enables efficient collection and 

separation of the aortic intima and media, providing enriched RNA from 

atherosclerotic lesions of the mouse aorta. The isolated aortic intima and 

media can be utilized for a range of transcriptomic analyses.
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Fig. 1. 
Enzymatic digestion of aortic cells and magnetic beads-based isolation of primary aortic 

cells.

(A) Schematic illustration of the enzymatic digestion process of aortic cells from eight-

week-old C57BL/6 mice. (B) Digested aortic cell suspension stained with trypan blue. 

(C) Schematic of aortic primary cell isolation. (D) Purity verification by flow cytometry: 

analysis strategy, representative flow cytometry histogram plot for CD90.2, mEF-SK4, 

α-SMA, and CD31 staining in isolated CD45+ leucocyte, representative flow cytometry 
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histogram plot for CD45, CD90.2, mEF-SK4, and α-SMA staining in isolated ECs, 

representative flow cytometry histogram plot for CD45, mEF-SK4, α-SMA, and CD31 

staining in isolated fibroblast cells, representative flow cytometry histogram plot for CD45, 

CD90.2, mEF-SK4, and CD31 staining in isolated smooth muscle cells. (E) Expression 

of different gene markers in isolated CD45+ leucocytes, fibroblasts, ECs and SMCs 

from aorta. Normalized by HPRT. (F) Representative Immunofluorescence staining for 

vimentin and CD31, and α-SMA and CD31 in isolated CD45-CD90.2-CD31+ ECs. 

Representative immunofluorescence staining for vimentin and α-SMA in isolated CD45-

CD90.2+ fibroblasts. Representative Immunofluorescence staining for vimentin and α-SMA 

in isolated CD45-CD90.2-CD31- SMCs.
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Fig. 2. 
Functional identification of isolated primary aortic cells.

(A) Mouse primary ECs were treated with VEGF (100 ng/ml) for 1 and 10 min at 37 

°C. Cell lysates were analyzed by immunoblot using polyclonal anti-phospho-serine 1179 

eNOS or monoclonal eNOS antibody. (B) Mouse primary ECs were used for tube-like 

network formation assay. 30,000 cells were plated into 48 well plate coated with Matrigel 

(n = 6) and tube-formation were measures from 0 to 16h. (C) BrdU cell proliferation assay 

and quantitative analysis were performed to detect primary vascular smooth muscle cell 
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proliferation in response to TGF-β1 treatment (4 ng/ml, 24h) (n = 9). (D) Cell migration 

assay and quantitative analysis were performed to detect primary vascular smooth muscle 

cell migration under TGF-β1 treatment (4 ng/ml, 24h) (n=3). (E) Immunofluorescent 

staining of Col1a1 in fibroblast treated with angiotensin II (200 nM, 24h). (F) Flow 

cytometry identification of primary aortic macrophages by F4/80. (G) A battery of pro-

inflammatory genes were measure in primary aortic macrophages treated with LPS (1μg/ml, 

24h). (H) Induction of foam-cell formation in primary aortic macrophages treated with 

Dil-oxLDL (100 μg/ml, 24h) in vitro.
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Fig. 3. 
Intima peeling for isolation of mouse aortic intima and media alongside cell heterogeneity 

and gene enriched pathway analyses from control and HFSC atherosclerotic mouse aortas.

(A)Schematic illustration of intima peeling using TRIzol in aorta of eight-week-old 

C57BL/6 mice. (B) Heatmap showing differentially expressed aortic major cell marker 

genes in aortic intima and media by bulk RNA-seq analysis (FDR<0.05). (C) Flow 

cytometry showing the CD45+ leukocytes in comparison of aortic cell digestions from 

atherosclerosis (LDLR−/− mice fed with HFSC for 12 weeks) and chow diet controls. (D) 
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Heatmap showing immune cells heterogeneity in atherosclerotic aorta (LDLR−/− mice fed 

with HFSC for 12 weeks) compared to chow control (FDR, <0.05). (E) GOChord plot 

showing the significantly regulated genes (log2 fold change, >1.5; FDR, <0.05) involved in 

the top 7 enriched pathways in the aortic intima from the HFSC atherosclerotic aorta and 

chow control.
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