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Novel Role of Endothelial CD45 in Regulating Endothelial-to-Mesenchymal 

Transition in Atherosclerosis 

Abstract:  

Background: Protein-tyrosine-phosphatase CD45 is exclusively expressed in all nucleated cells 

of the hematopoietic system but is rarely expressed in endothelial cells. Interestingly, our recent 

study indicated that activation of the endogenous CD45 promoter in human endothelial colony 

forming cells (ECFCs) induced expression of multiple EndoMT marker genes. However, the 

detailed molecular mechanisms underlying CD45 that drive EndoMT and the therapeutic 

potential of manipulation of CD45 expression in atherosclerosis are entirely unknown. 

Method: We generated a tamoxifen-inducible EC-specific CD45 deficient mouse strain (EC-

iCD45KO) in an ApoE-deficient (ApoE-/-) background and fed with a Western diet (C57BL/6) 

for atherosclerosis and molecular analyses. We isolated and enriched mouse aortic endothelial 

cells with CD31 beads to perform single-cell RNA sequencing. Biomedical, cellular, and 

molecular approaches were utilized to investigate the role of endothelial CD45-specific deletion 

in the prevention of EndoMT in ApoE-/- model of atherosclerosis. 

Results: Single-cell RNA sequencing revealed that loss of endothelial CD45 inhibits EndoMT 

marker expression and transforming growth factor-β signaling in atherosclerotic mice. which is 

associated with the reductions of lesions in the ApoE-/- mouse model. Mechanistically, the loss of 

endothelial cell CD45 results in increased KLF2 expression, which inhibits transforming growth 

factor-β signaling and EndoMT. Consistently, endothelial CD45 deficient mice showed reduced 

lesion development, plaque macrophages, and expression of cell adhesion molecules when 

compared to ApoE-/- controls. 

Conclusions: These findings demonstrate that the loss of endothelial CD45 protects against 

EndoMT-driven atherosclerosis, promoting KLF2 expression while inhibiting TGFβ signaling 

and EndoMT markers. Thus, targeting endothelial CD45 may be a novel therapeutic strategy for 

EndoMT and atherosclerosis.  
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Introduction: 

Atherosclerotic cardiovascular disease is the leading cause of morbidity and mortality in the 

United States and most developed countries1,2. It is generally believed that endothelial 

dysfunction caused by the cholesterol and oxidized phospholipids in lipoproteins (ox-LDL) is 

one of the major initiating events3.  Trapped lipoproteins activate endothelial cells and vascular 

smooth muscle cells to increase their expression of adhesion molecules and production of 

chemokines4 5. In turn, this leads to the recruitment of monocytes/lymphocytes into the arterial 

vessel wall6. Lesion progression involves the migration and proliferation of resident smooth 

muscle cells (SMCs)2, extracellular matrix deposition7, and lipid or necrotic core formation8.  In 

advanced stages of atherosclerosis, increased endothelial dysfunction has been identified, and 

advanced plaque ruptures associated with thin, collagen-poor fibrous caps9,10.  

Endothelial-to-mesenchymal transition (EndoMT) is the process whereby an endothelial cell 

undergoes a series of molecular events that lead to progressively losing endothelial-specific 

markers and gaining mesenchymal phenotypes11. EndoMT plays a fundamental role in forming 

the cardiac valves of the developing heart, and mounting evidence indicates that EndoMT is 

involved in atherosclerosis12-14. ECs can be distinguished by the expression of cell–cell adhesion 

molecules, including platelet/EC adhesion molecule-1 (CD31/PECAM-1)15, vascular endothelial 

(VE)-cadherin16, tyrosine kinase with immunoglobulin-like and epidermal growth factor (EGF)-

like domains 1 (TIE1), and TIE217,18. During EndoMT, endothelial cells gain mesenchymal 

markers such as α-SMA19, collagen20, and SM2221. 

TGFβ signaling has been identified as the central player in driving EndoMT during atheroma 

progression 22, but the processes leading to activation of its signaling remain poorly defined. 

TGFβ-induced gene expression in ECs during EndoMT revealed induction of expression of a 
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number of pro-inflammatory chemokines and cytokines and their receptors22 ，  leucocyte 

adhesion molecules (such as ICAM-1 and VCAM-1)23,24, pro-inflammatory extracellular matrix 

(ECM) component long linked to inflammation7. Endothelial phenotype and function can be 

maintained by FGFR signaling pathways that counter TGFβ-driven EndoMT during 

atherosclerosis 25,26. A reduction in endothelial FGF-mediated signaling 27,28 or the primary FGF 

receptor in the endothelium (FGF receptor 1 [FGFR1]) activates TGFβ signaling, leading to 

EndoMT29. FGFR1’s and transcriptional factor KLF2 expression in ECs is affected by certain 

inflammatory stimuli that induce a profound reduction in their expression30. 

Over the past few decades, findings indicated that CD45, a receptor-type protein tyrosine 

phosphatase, is exclusively expressed in all nucleated cells of the hematopoietic system except 

mature red blood cells and platelets. CD45, receptor type, C (PTPRC), was the prototypic 

receptor-like protein tyrosine phosphatase (PTP) and an essential regulator of signal transduction 

pathways in lymphocyte cells since it dephosphorylates, activating phospho-tyrosine sites and 

thereby dampening signaling pathways31. CD45 should rarely be expressed on endothelial cells. 

However, recent studies indicated that CD45 is expressed in umbilical vein endothelial cultures 

when stimulated with IL-132, and lung endothelial cells expressed both CD31 and CD45 in a 

pulmonary arterial hypertension rat model33. Importantly, we recently reported that activation of 

the endogenous CD45 promoter in human endothelial colony forming cells induced expression 

of EndoMT marker genes34 Also, the CD45 phosphatase inhibitor blocked EndoMT activities in 

TGFβ1-treated ovine mitral valve endothelial cells35. However, whether endothelial CD45-

specific deletion can prevent EndoMT-driven atherosclerosis remains entirely unknown. Thus, 

we propose that CD45 may also mediate EndoMT in atherosclerotic mouse models through new 
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mechanisms, highlighting that endothelial CD45 may be a new drug target for preventing or 

treating atherosclerosis. 

Since we have reported that activation of the endogenous CD45 promoter in human endothelial 

colony forming cells induced migration, a hallmark of EndoMT, increased collagen gel 

contraction, a hallmark of mesenchymal cells, and decreased cell-cell barrier integrity, indicating 

reduced endothelial function34; it brings us the interest to uncover molecular mechanisms that 

CD45 drives EndoMT and promotes atherosclerotic progression. The principal objective of this 

study was to determine whether endothelial CD45-specific deletion could prevent EndoMT in 

atherosclerosis. To investigate the role of endothelial CD45 in EndoMT during atherosclerosis, 

we generated a tamoxifen-inducible EC-specific CD45-deficient mouse strain (EC-iCD45KO) 

into an atherosclerotic (ApoE-/-) background (C57BL/6) and fed these mice with the western diet. 

Second, we tried single-cell RNA sequencing and biomedical methods to determine the 

molecular mechanisms behind CD45-regulation of EndoMT involved in endothelial CD45-

mediated TGFβ1-3 and FGFR1 and its in vivo relevance.  Our findings demonstrate that the loss 

of endothelial CD45 protects against EndoMT-driven atherosclerosis, promoting KLF2 

expression while inhibiting TGFβ signaling and EndoMT markers. 

 

Materials and Methods: 

An expanded Materials and Methods section is available in the Supplement Materials and 

Methods and Supplement Table 1. 

Genetic Mouse Models and Aortic Lesion Evaluation 
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In this study, all animal procedures were performed in compliance with institutional guidelines, 

and mouse protocols were approved by the Institutional Animal Care and Use Committee 

(IACUC) of Boston Children’s Hospital, MA, USA. Both male and female mice were used. 

C57BL/6 mice (stock #00664), ApoE-/- mice (stock #002052), EC-specific Cre deleter mice 

(iCDH5CreERT2). Mice with tamoxifen-inducible deletion of endothelial CD45 on an ApoE-/- 

background (EC-iCD45KO/ApoE-/-) (7 injections every other day)36. For controls, wild-type 

C57BL/6 mice bearing iCDH5 CreERT2 (denoted as WT). These mice crossed to the ApoE-/- 

(C57BL/6) background to obtain control ApoE-/-/WT (ApoE-/-) mice.  WT and EC-

iCD45KO/ApoE-/- were fed the western diet (WD) for 12 to 16 weeks beginning at 8 months age. 

We then evaluated atherosclerosis lesion size at the aortic sinus, abdominal aorta, and face entire 

aorta. The mouse heart and aorta were perfused, dissected, and subjected to quantification of 

atherosclerosis as previously described37.  

Cell culture  

To isolate murine aortic endothelial cells (MAECs), aortas were collected and washed twice with 

PBS at 4 °C and then carefully stripped of fat and connective tissue. Aortas were cut into 3 mm 

long sections, and segments were put on the Matrigel-coated (Corning) plate with endothelial 

cells medium38. After 4 days, vascular networks were visible under the light microscope and 

tissue segments were removed. ECs were detached and then cultured in fresh endothelial cells 

medium. The identity of isolated ECs was confirmed by immunofluorescent staining using EC 

markers CD31. A full list of reagents including antibodies and primers is included in the 

supplementary information. Cultured MAECs were treated with 5 µM tamoxifen for 3 days to 

induce the deletion of CD45 gene from EC-iCD45KO/ApoE−/−; iCDH5-Cre mice, MAECs 
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isolated from ApoE-/- mice as controls. Cells were treated with 100 µg/mL ox-LDL or 10ng/mL 

TGFβ1 at the indicated time while maintaining 2 µM tamoxifen in the medium.  

Aortic sample preparation for scRNA-seq 

Aortic cells were isolated as described before36. Mouse aortas were cut into fine pieces and 

placed in 5 mL of enzyme solution at 37° C. (Collected the supernatant every 10 min until all the 

fine pieces were digested). (Enzyme solution: 5 mL of DMEM, Collagenase type I: 5mg/mL 

(Gibco), Collagenase type IV:5mg/mL (Gibco), Liberase :5mg/mL (Roche). This solution was 

then filtered with a 40-µm strainer, centrifuged (400g for 5 minutes), and the cell pellet was 

suspended in 90 µL of buffer containing 0.5% BSA and 2 mmol/L EDTA in PBS. Then, 20 µL 

of CD31 microbeads (Miltenyi Biotec) was added to the suspension at 4° C for 15 minutes. 

Microbeads were passed through an LS column (Miltenyi Biotec). Cells were processed for 

scRNA-seq with the 10x Genomics platform, and sequencing was performed by MedGenome 

(Figure S1). 

Data Analysis of scRNA-seq 

The raw scRNA-seq data were processed using Cell Ranger (version 6.1.2) (10x Genomics). We 

used the Cell Ranger and R package Seurat version 4.0.2 to perform scRNA-seq analysis. In 

brief, we generated a normalized gene expression matrix harboring between ApoE and EC-

iCD45KO/ApoE-/- mice. The high-quality data after these filtering steps was then used at 

additional processing steps including log normalization data scaling, principal component 

analysis (PCA), cell clustering, and UMAP visualization. Next, marker genes in each cell cluster 

were used to annotate cell types based on known marker genes in the database and literature. The 

marker gene expressions were visualized by DotPlot and VlnPlot functions.  Pathway enrichment 
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analysis for group comparison was performed with R package ReactomeGSA. The trajectory 

inference for single-cell data from EndoMT models was performed with the R package 

Slingshot39. 

Hematoxylin and Eosin staining 

Cryostat sections of mouse aortic root, abdominal aorta, and BCA were washed in PBS for 5 

minutes, then fixed in 4% paraformaldehyde for 15 minutes. Next, slides were stained with 

hematoxylin for 3 minutes, followed by running tap water washes for 10 minutes. Slices were 

then dipped in eosin working solution for 30 seconds, quickly rinsed with tap water, dehydrated 

using graded ethanol (95% and 100% ethanol), followed by transparentizing by xylene. Slices 

were mounted in synthetic resin40. 

Flow cytometry analysis 

Flow cytometry analysis of aortic cells from normal diet ApoE-/- and WD diet ApoE-/- (16-20 

weeks) was isolated as described above.  Cell pellets were resuspended in FACS buffer 

(2%HBSS, 0.004%FBS, 2mM EDTA in PBS) at 4°C for 30 min to block unspecific binding of 

antibodies to Fc receptors. Cells were incubated for antibodies for 30 min; flow cytometry 

analysis was performed using the BD instrument. 

Oil Red O staining 

Cryostat sections: cryostat sections were fixed in 4% paraformaldehyde. Slides were washed 

with PBS, and rinsed with 60% isopropanol, followed by staining with freshly prepared 0.5% Oil 

red O solution in isopropanol for 20 minutes at 37°C. Slices were then put in 60% isopropanol 

for 30 sec, followed by 3 washes in water, and then dried slides mounted with glycerin. Imaging 
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was processed with a Zeiss LSM880 microscope and analyzed with ZEN-Lite software and NIH 

ImageJ software. 

En face Oil Red O Staining: Whole aortae were dissected symmetrically, pinned to parafilm to 

allow the en face exposed and fixed in formalin for 24hrs. The aortae were washed in PBS 3 

times and rinsed in 100% propylene glycol, followed by staining with 0.5% Oil Red O solution 

in propylene glycol for 20 mins at 65°C. The samples were then put in 85% propylene glycol for 

2 mins, followed by three washes in DD Water and then dried slides. The image was performed 

using a Nikon SMZ1500 stereomicroscope, SPOT Insight 2Mp Firewire digital camera, and 

SPOT Software 5.1. 

Van Gieson’s staining  

Sections were fixed in 10% buffered formalin for 15 min and washed in water. Slides were 

stained with 3 min in Van Gieson’s solution, dehydrated in 95% alcohol and 100% alcohol two 

times. Then, slides were cleared in xylene two times and mounted with Permount. Staining 

results were presented as: Collagen fibers–Red and Other tissue elements–Yellow.  

RNA isolation, quantitative real-time PCR 

Total RNA was extracted from primary MAECs using the RNeasy kits (Qiagen), respectively. 

On-column DNA digestion (Qiagen) was carried out during RNA extraction. For the synthesis of 

the first strand of cDNA, 1 μg of total RNA after DNase treatment was reverse transcribed using 

cDNA Synthesis Kit (Vazyme). Quantitative real-time PCR was performed on a CFX96 

detection system (StepOnePlus Real-Time PCR Systems) with SYBR Green reagents (Vazyme). 

All PCR primers' sequences are presented in online supplemental table 1. 

Evaluation of EndoMT Markers by Immunostaining In Vivo and In Vitro 
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Samples from ApoE-/- and EC-iCD45KO/ ApoE-/- were evaluated by co-staining CD31 (or VE-

cadherin) with α-SMA, KLF2, and ICAM-1. EndoMT is expressed by the overlapping percentile 

of CD31 (or VE-cadherin) with other markers. For in vitro EndoMT marker staining, mouse 

aortic EC (MAEC) cultures were treated with Ox-LDL (100 µg/mL)  or TGFβ1 (10 ng/mL) on 

the indicated days. 

Immunofluorescence staining 

Human Tissue Paraffin Sections: Human healthy control and diseased aortic arch samples from 

atherosclerosis patients were purchased from Maine Medical Center Biobank (Sample ID: 

RA06-1040A1)39. The paraffin sections were de-paraffinized and performed antigen retrieval to 

unmask the antigenic epitope with 10 mM Sodium Citrate, pH 6.0, with 0.5% Tween 20 at 90 °C 

for 30 minutes. Allow the slides to cool before proceeding with staining procedure40. 

Immunofluorescence staining of the slides was performed with the standard protocol described 

below. Samples were blocked in PBS with donkey serum, 3% BSA, and 0.3% triton X-100 at 

4°C overnight and incubated with primary antibodies VE-cadherin with CD45 at 4°C 

overnight41,42. The sections were washed three times, and respective secondary antibodies 

conjugated to fluorescent labels (Alexa Flour 594, 488, or 647) were added for 2 h at room 

temperature. The sections were mounted with Fluoroshield mounting medium containing DAPI 

(1:100).  

Mouse aortic root and BCA cryosections: Sections were fixed by 4% paraformaldehyde for 15 

min at room temperature and blocked in PBS solution containing 3% donkey and/or 10% goat 

serum, 3% BSA, and 0.3% Triton X-100 for 1 hour41,42. Samples were then incubated with 

primary antibody at 4°C overnight, followed by incubation with the respective secondary 

antibodies conjugated to fluorescent labels (Alexa Flour 594, 488, or 647; 1:200) for 2 h at room 
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temperature. The sections were mounted with Fluoroshield (R & D Systems) mounting medium 

containing DAPI (1:100).  

En Face Preparation and Immunofluorescence Labeling 

En face immunofluorescence was performed as described 43. Thoracic aorta were isolated and 

further fixed in 2% paraformaldehyde solution at 4 °C for 1.5 hours. Fixed tissues were 

permeabilized in a permeabilization buffer (PBS containing 0.2% Triton X-100) for 1 hour at 

room temperature and subsequently incubated with a blocking buffer (5.5% FBS in 

permeabilization buffer) for 1 hour at room temperature. Primary antibodies were diluted in a 

staining buffer (2.75% FBS in permeabilization buffer) and incubated with tissue for 16 hours at 

4 °C with gentle agitation. Tissues were subsequently washed 3× in the permeabilization buffer 

in 30-minute intervals. Secondary antibodies (conjugated with Alexa Fluor 647, Alexa Fluor 594, 

or Alexa Fluor 488) diluted as 1:200 working solution (10 µg/mL) in the staining buffer were 

added after the third wash and incubated at room temperature for 3 hours. Tissues were 

subsequently washed 3× in the permeabilization buffer and 1× in PBS with 30 minutes for each 

step. After the PBS wash, vascular tissues were bisected along the direction of flow and mounted 

with Fluoroshield (R & D Systems). Images were obtained using Zeiss LSM 880 with the 

manufacturer’s software (Zen Black for microscope operation and Zen Blue for image export 

and analysis). 

Data Analysis: 

All data were analyzed by Prism 8 (GraphPad Software Inc). Data are expressed as the mean ± 

SEM. The means of two groups were compared using Student's t-test (unpaired, two-tailed), and 

one-way analysis of variance was used for comparison of more than two groups with P < 0.05 

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was 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 preprintthis version posted September 12, 2024. ; https://doi.org/10.1101/2024.09.03.610974doi: bioRxiv preprint 

https://doi.org/10.1101/2024.09.03.610974
http://creativecommons.org/licenses/by-nc-nd/4.0/


 

11 
 

considered to be statistically significant. Unless otherwise indicated, all experiments were 

repeated at least three times. 

Results: 

Assess CD45 expression in atherosclerotic lesions 

To confirm the localization of CD45 protein in the mouse aortic endothelial cells, we performed 

an immunofluorescence study on both samples in the patient atherosclerotic arch sample and 

mouse aortic root.   We found that CD45 co-expression with VE-cadherin in the patient's aorta 

arch samples with severe and mild atherosclerotic lesions (Figure 1A); we also detected that 

CD45 protein expression co-expressed with CD31 in the aortic root with the atheroma of 12-

week-old ApoE-null mice (Figure 1F). As ApoE-/- mice fed a normal diet also develop lesions, 

albeit at a slower rate compared to WD-fed ApoE-/- mice, we chose to use WT mice that were fed 

a normal chow as our true negative control for atherosclerosis occurrence to rule out the potential 

effect of high cholesterol content in WD-fed mice and lesion development in normal chow-fed 

ApoE-/- mice. (Figure 1B). In addition, we performed en face immunostaining of the thoracic 

aorta with antibodies to VE-Cadherin, CD31, DAPI, and CD45 (Figure 4E). It showed CD45 co-

expression with VE-Cadherin and CD31 in wild-type ApoE-null mice but a significant reduction 

of CD45 expression in EC-iCD45KO ApoE-null mice. Furthermore, flow cytometry analyses of 

total aortic cells for VE-cadherin, FGFR1, and CD45 showed a significant reduction in VE-

cadherin+/FGFR1+ ECs in WD-fed ApoE-/- mice, compared to normal diet-fed ApoE-/- mice 

(Figure. 1C, D). In contrast, VE-cadherin+/CD45+ ECs were greatly increased in WD-fed, 

ApoE-/- mice compared to normal diet-fed ApoE-/- mice (Figure. 1C), suggesting loss of FGFR1 

may contribute EndoMT in lesions of WD-fed ApoE-/- mice. 
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Single-Cell RNA-Seq revealed that endothelial CD45 plays a critical role in EndoMT in an 

atherosclerosis mouse model 

To investigate whether endothelial CD45 plays a role in EndoMT, we performed scRNA-seq 

analysis in the atherosclerotic ApoE-/- mouse model. ApoE-/- and EC-iCD45KO/ApoE-/- male 

mice were fed a WD for 16 weeks, followed by isolation of aortas, enzymatic digestion, and 

scRNA-seq (Figure S4). Overall, 2 individual samples in the compared groups yielded a similar 

number of cells for the subsequent analysis (cells for ApoE-/- and EC-iCD45KO/ApoE-/-) after 

processing the data quality control underlying filtering of cells with low genes and UMIs (Figure 

S5), as well as dead cells as described in the Methods. We confirmed the efficacy of the CD45 

knockout in aortic endothelial cells (Figure 2B). Using specific cell markers, we grouped 

EndoMT-related cell populations ECs, EndoMT (these cells express both EC and SMC markers), 

VSMCs, SMCs- like cells, fibroblasts, and proliferation cells.  In the clusters, the ratio of ECs is 

higher in the EC-iCD45KO/ApoE-/- versus ApoE-/- group, whereas the ratio of EndoMT cells, 

VSMCs, VSMCs- like cells, and fibroblasts are higher in ApoE-/-mice (Figure 2C), suggesting 

that loss of endothelial CD45 attenuated EndoMT. The ratio of EndoMT, SMCs, SMCs-like cells, 

and fibroblasts cells (Figure 2C) confirmed the phenotype of EC-iCD45KO/ApoE-/- mice in 

atherosclerosis.  Cell type–specific markers were defined relative to all other cells (Figure 2D). 

Next, we showed the expression dynamics of cell-specific markers in pseudotime.  The trajectory 

plot in Figure 2E-2J clearly demonstrates the gene expression of representative markers specific 

to ECs (Pecam1) and SMCs (Acta2 and Myl9) through the EC→EndoMT→SMC process, which 

is shown as normalized expression. Similarly, we used the trajectory plot tested EC (Cdh5, 

Cldn5, Egfl7 and Tek) and SMC markers (Myh11, Tagln and Fbln5) in ApoE-/- and EC-

iCD45KO/ApoE-/-  aortic cells (Figure S7).  
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Single-Cell RNA-Seq indicated that endothelial CD45 plays a critical role in the specific 

EndoMT cell populations 

We continue to characterize EndoMT cells into two subclusters: EndoMT1 and EndoMT2 

(Figure 3A). This result is supported by measuring specific EC, SMC, and EndoMT markers in 

the EndoMT1 and EndoMT2 clusters. The violin plots in Figure 3 (B-D) show that EC markers 

(Cdh5, Flt1, Mecom) increased in EC-iCD45KO/ApoE-/- aortas compared with ApoE-/- aortas, 

but SMC markers (Mef2c, pde4d, pdcd4) and EndoMT markers (Fbln2, Fbln5, Isg15）are 

downregulated in EC-iCD45KO/ApoE-/- mice in EndoMT1 subcluster. In EndoMT2 cells, EC 

markers (Sparc, Bsg, Egr1) increased, but SMC markers (Ccdn3 and Foxp1) and EndoMT 

markers (TGFβ1, TGFβ2, Ebf1 ） decreased. Pathway analysis with genes coordinately 

differentially expressed in ApoE-/- and EC-iCD45KO/ApoE-/- mice (Figure 3F-I). Actin-binding 

pathways were decreased in EndoMT1. Endothelial cell migration, proliferation, and 

development pathways were enriched, while smooth muscle cell proliferation, epithelial cell 

development pathways were decreased in both clusters EndoMT1 and 2. Similarly, we used 

violin plots plot to test the other EC, EndoMT and SMC markers in EndoMT 1 and 2 clusters in 

ApoE-/- and EC-iCD45KO/ApoE-/- aortic cells (Figure S7).  

Loss of CD45 in ECs attenuates the expression of EndoMT markers 

We measured EndoMT markers in MAECs from WT and EC-iCD45KO after treating them with 

100 µg/mL of oxidized low-density lipoprotein for 24 hours. It showed that endothelial CD45 

knock-out attenuated the TGFβ2-3 mRNA expression in MAECs (Figure. 4A). Consistently, 

MAECs from WT and EC-iCD45KO mice were treated with (TGFβ1 10ng/mL) for 4 days. We 

found that WT expressed α-SMA, but endothelial CD45 deletion leads to a reduction of α-SMA 

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was 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 preprintthis version posted September 12, 2024. ; https://doi.org/10.1101/2024.09.03.610974doi: bioRxiv preprint 

https://doi.org/10.1101/2024.09.03.610974
http://creativecommons.org/licenses/by-nc-nd/4.0/


 

14 
 

in MAECs (Figure. 4B). In addition, we applied the triple-label flow cytometric method we 

developed for mitral valve analyses to total aortic ECs from age and gender-matched wild-type 

(WT) and ApoE-/- mice fed a WD for 16-20 weeks (Figure. 4C). (arrow) shows CD45+/VE-

cadherin+/αSMA+ cells were significantly increased from 0.8 ± 1.0% in WT mice (n=3) to 9.2 ± 

0.7% in ApoE-/- WD-fed mice (n=3) (p = 0.0003). The presence of α-SMA+ in ApoE-/- WD-fed 

mice indicates CD45+ ECs underwent an EndoMT in an aortic atherosclerotic lesion. 

Furthermore, it showed a significant upregulation of KLF2 in aortic root from EC-

iCD45KO/ApoE-/- mice fed with WD 12 weeks, compared to normal CD45 wild-type ApoE-/- 

mice (Figure. 4D). 

Endothelial Loss of CD45 Prevents Inflammation and Atherosclerosis 

Aortic sinus, abdominal aorta, and en face whole aorta staining were performed to evaluate 

lesion ween wild-type ApoE-null and endothelial CD45 deficient WD mice. We observed a 

markedly reduced atherosclerotic lesion formation using aortic root (12-week WD), BCA (16-

week WD), and abdominal aorta (16-week WD) in endothelial CD45 deficiency mice (Figure 5 

E-I). Whole mount en face aortas from ApoE-/- and EC-iCD45KO/ApoE-/- mice were stained 

with Oil Red O (Figure 1H-I: 16-week WD; Figure 5A-B: 16-week WD, Figure 5C: 13-week 

WD). CD45 depletion significantly reduced atherosclerotic burden along the entire aorta in 

ApoE-null mice. Mice of the 2 genotypes fed with WD diet for 16 weeks showed no difference 

in body weights for males or females.   Serum total cholesterol as well as triglycerides, HDL, 

LDL, levels showed no significant difference among the 2 groups of the male or female mice 

(data not shown).  Next, we found a significant reduction of ICAM-1 expression on thoracic 

aorta (Figure 4F) and aortic root in EC-iCD45KO/ApoE-/- mice (Figure S3B).  We did not detect 

the VCAM-1 expression has a significant difference between ApoE-/- and EC-iCD45KO/ApoE-/- 

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was 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 preprintthis version posted September 12, 2024. ; https://doi.org/10.1101/2024.09.03.610974doi: bioRxiv preprint 

https://doi.org/10.1101/2024.09.03.610974
http://creativecommons.org/licenses/by-nc-nd/4.0/


 

15 
 

mice in the aortic root (Figure S3A). In addition, aortic root sections from ApoE-/- and EC-

iCD45KO/ApoE-/- mice (16-week WD) were co-stained with CD68 (a marker for lesion 

macrophages) and α-SMA. Diminished foam cell formation (Oil red o stained) and α-SMA were 

seen because of CD45 deficiency (Figure S2; Figure 5D).  

 

Discussion 

In the present study, we show for the first time that endothelial CD45 genetic deletion of the 

reduced atheroma burden in ApoE-null mice fed with the western diet. Our single-cell data 

indicated that EC-specific knock-out CD45 reduces a novel sub-population of EndoMT cells-

EndMT2. We also found that CD45 deficiency led to decreased TGFβ2-3 expression on MAECs 

treated with ox-LDL. In addition, we unexpectedly observed that the absence of endothelial 

CD45 led to the reduction of α-smooth muscle actin, which is typical of EndoMT in the aortic 

plaque. Finally, we found that endothelial CD45 deficiency positively correlated with KLF2 

expression, which counters EndoMT. 

Since CD45 is commonly used as a negative marker for ECs, the existence of CD45-positive 

ECs may have been overlooked in previous studies. Protein tyrosine phosphatase receptor type C 

(CD45)-positive endothelium has been observed in mitral valves at 6 months post-myocardial 

infarction and exhibited EndoMT phenotype in adult sheep35. Also, the CD45 phosphatase 

inhibitor blocked EndoMT activities in TGFβ1-treated ovine mitral valve endothelial cells 35. We 

detected CD45-positive ECs on aortic arch from human patients with atherosclerosis. It indicated 

that endothelial CD45 plays a vital role in human atherosclerosis. The results of the present study 

reveal that loss of endothelial CD45 results in a favorable outcome in an animal model of 
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atherosclerosis. In the absence of endothelial CD45 mice on the ApoE-null background on a WD 

diet for 12 weeks had a 25.39% reduction in lesion size in the aortic sinus compared with ApoE-

null mice expressed with CD45. On the other hand, we found that CD45-deficient ApoE-null 

female mice fed with the WD diet exhibited a reduction of en face lesion area of the entire aorta 

(21.82 %, 12-week WD; 36.79%, 16-week WD), compared with ApoE-null mice expressed with 

CD45.  This notion is supported by our finding that when significant lesions (28.28≈%) were 

reduced at brachiocephalic artery (BCA) and a reduction of 40.05% at abdominal aorta in 

endothelial CD45 deficiency mice. Overall, these results clearly indicate that the lack of 

endothelial CD45 prevents atherosclerosis not only in the aortic sinus but also in the entire aorta. 

EndoMT contributes to atherosclerotic pathobiology and is associated with more complex 

plaques13. However, the detailed molecular mechanisms underlying CD45 that drive EndoMT 

and the therapeutic potential of manipulating CD45 expression in atherosclerosis are entirely 

unknown. The single-cell RNA-seq analysis provides an unbiased overview of how the 

transcriptome changes in the aortic cells. Cells populated 15 major clusters after integrating the 

single-cell transcriptomic profiles. In the EC-iCD45KO group, the population of endothelial, 

resident macrophage, and mesenchymal-endothelial transition cells increased while vascular 

smooth muscle, EndoMT, and fibroblast cells decreased (Figure S6). In EndoMT cells, EC 

markers (Cdh5, Cldn5, Pecam1) increased, but SMC markers (Acta2 and Myl9), and EndoMT 

markers (Col1a2 and Col3a1）decreased. In addition, we characterized EndoMT cells into two 

sub-clusters: 1 and 2. EC-specific CD45 deletions reduced the cell numbers in the EndoMT2 

sub-cluster in atherosclerotic mice but had less impact on the EndoMT1 sub-cluster. CD45 is not 

normally expressed in ECs, and the details of how it might regulate normal or partial EndoMT 

needs to be addressed. It is reported that the partial endothelial-to-mesenchymal transition is 
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mediated by HIF-induced CD45 upon carotid artery ligation44. The single-cell results of the 

present study identified a CD45-dependent EndoMT population in aortic endothelial cells 

(EndoMT2 sub-cluster), and it indicated that endothelial CD45 may mediate partial EndoMT in 

advanced atherosclerosis45.  

It is well established that atheroma progression is involved in inflammation during EndoMT46.  

In line with this concept, our single-cell study showed that loss of endothelial CD45 led to 

decreases of multiple proinflammatory cytokines in EC-iCD45KO mice, including ICAM-

1(EndoMT1 sub-cluster) and CCl5 (in both EndoMT1 and EndoMT2 sub-cluster). Oxidatively 

modified LDL (ox-LDL) is a critical pathogenic factor in atherogenesis47. It demonstrated that 

oxidized low-density lipoprotein reduces TGFβ1 synthesis with a feedback upregulation of 

TGFβ1 receptors and concurrently increases the expression of ICAM-1 in human coronary artery 

endothelial cells48. Consistently, we observed a reduction of ICAM-1 expression in mouse 

thoracic aorta and aortic sinus in the EC-iCD45KO/ApoE-/- mice.  These data are associated and 

consistent with the reduced atherosclerosis results. Strikingly, the endothelial CD45-specific 

endothelial knockout ablate TGFβ signaling genetically confined to the MAECs, reduced ox-

LDL-induced gene expression, including TGFβ2-3. Our flow cytometry data from ECs highlight a 

significant reduction of FGFR1- ECs in ApoE-/- WD aortas which indicates ECs undergo 

EndoMT in atherosclerosis since FGFR1 inhibits TGFβ during EndoMT49. In contrast, a marked 

increase in the expression of KLF2 in CD45 EC-iCD45KO/ApoE-/- at the aortic root. Unlike 

KLF4, KLF2 is not directly regulated by TGFβ signaling.  Nevertheless, KLF2 appear 

functionally important given a known interaction among other KLFs. TGFβR2 disruption, may 

lead to a small rise in KLF4 levels and thereby increasing KLF250-52. 
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In summary, we report the first evidence that in ApoE-null mice fed with WD, the absence of 

endothelial CD45 leads to reduced lesion development, foam cells, plaque macrophages, and 

expression of adhesion molecules, which is negatively associated with the degree of 

atherosclerosis. In addition, endothelial CD45 deficiency led to a downregulation of the 

expression of TGFβ2-3, cytokines CCl5, and α-SMA while an upregulation of KLF2 expression; 

coincides with CD45-deficiency-mediated reduction of EndoMT and inflammation in 

atherosclerosis. These findings highlight the novel function of CD45 in endothelial cells in 

relation to EndoMT-driven atherosclerosis, the leading cause of death in the United States. 
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Figure Legends 

Figure 1.  Endothelial CD45 dependent EndoMT during atherosclerosis. Immunostaining of 

aortic arch section from atherosclerosis patients with VE-cadherin (endothelial junctions, red), and 

CD45 protein(green) (A), and aortic root with CD31(red) and CD45 protein(green) from ApoE-

/- and EC-iCD45KO/ApoE-/- mice fed with western diet (WD) for 12 weeks (F). B, Aortas from 

ApoE-/- mice fed a normal diet versus WD, —lesions are apparent in ApoE-/- WD-fed aortas. C, 

Representative flow cytometry data from ECs labeled with anti-VE-cadherin-FITC, anti-CD45-

CF647, and anti-FGFR1-PE. Circles highlight increased FGFR1-ECs in ApoE-/- WD aortas. 

Squares indicate increased CD45 ECs in WD-fed aortas from ApoE-/- mice. D, Cytometric analysis 

from ApoE-/- normal diet (circles, n=3) and ApoE-/- WD (squares, n=5) mice. FGFR1+ECs are 

decreased (p=0.0324) in ApoE-/- WD-fed mice aortas. E, Diagram showing the timeline for the 

deletion induction by tamoxifen injections and atherosclerotic progression. G, Aortas from ApoE-

/- mice versus EC-iCD45KO/ApoE-/- mice fed with western diet (WD) for 16 weeks (—lesions are 

apparent in ApoE-/-WD-fed aortas). H, En face aortas from ApoE-/- and EC-iCD45KO / ApoE-/- 

female mice stained with Oil Red O (16-week WD). I, Statistics for En face ORO staining (A: 

Scale bars = 10 μM), F: Scale bars = 5 μM). 

Figure 2. scRNA-seq analysis reveals that endothelial CD45 mediated EndoMT during 

atherosclerosis. A, Cell type clusters of ApoE-/- and EC-iCD45KO/ApoE-/- mice, including 

endothelial cells (ECs), endothelial-to-mesenchymal transition (EndoMT) cells, vascular smooth 

muscle cells (VSMCs), fibroblasts, VSMC-like cells, and proliferation cell types. B, Expression 

level of CD45 (PTPRC) among the different cell populations. C, Proportion of ECs, EndoMT, 

VSMCs, fibroblasts, VSMC-like cells, and proliferation cells. D, Dot plot of selected marker genes 

for each cell cluster. Dot size indicates the percentage of cells expressing each gene, and dot color 
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indicates the expression level. E-J, Gene expression of representative markers specific to ECs 

(Pecam1) and SMCs (Acta2 and Myl9) through the EC→EndoMT→SMC process is shown as 

normalized expression vs UMAP_1 (also refer to Figure S7   for more marker genes).  

Figure 3.  scRNA-seq analysis differential CD45-driven EndoMT on distinct cell populations. 

A, Cell type clusters of ApoE-/- (6476 cells) and EC-ICD45KO/ApoE-/- (7021 cells) mice, 

including endothelial cells (ECs), endothelial-to-mesenchymal transition (EndoMT) cells, and 

smooth muscle cells (SMCs). EndoMT clusters were further divided into 2 subgroups: EndoMT1 

and EndoMT2.  Violin plots of EC (B), SMC (C), and EndoMT(D) markers differentially 

expressed in ApoE-/- and EC-ICD45KO/ApoE-/-  mice. In the EndoMT1 subgroups of EC marker–

positive cells (Cdh5, Flt1, Mecom), SMC marker–positive cells (Mef2c, Pde4d, Pdcd4) and 

EndoMT marker-positive cells (Fbln2, Fbln5, Lsg15) were analyzed. In the EndoMT2 subgroups 

of EC marker–positive cells (Sparc, Bsg, Egr1), SMC marker–positive cells (Ccnd3, Foxop1) and 

EndoMT marker- positive cells (TGFβ1, TGFβ2, Ebf1) were analyzed. Pathway analysis with 

genes coordinately differentially expressed in ApoE-/- and EC-ICD45KO/ApoE− mice (F-I).  

Figure 4.   Endothelial CD45- deficiency inhibits EndoMT by reducing TGFβ signaling and 

upregulates KLF2 expression during atherosclerosis. A, Mouse aortic endothelial cells 

(MAECs) of wild-type (WT/ApoE-/-) and EC-iCD45KO were treated with 5 µmol/L tamoxifen for 

3 days, followed by treatment with 100 µg/mL oxidized low-density lipoprotein, and then collected 

cell lysis for quantitative polymerase chain reaction to detect endothelial-to-mesenchymal 

transition (EndoMT) markers TGFβ2 and TGFβ3(n=3). B, IF staining to detect CD31 and α-SMA. 

Similarly, MAECs of wild-type and EC-iCD45KO were isolated and were treated with 5 µmol/L 

tamoxifen for 3 days, followed by treatment with 10 ng/mL transforming growth factor-β (TGFβ1) 

for 4 days, with a change to fresh medium and TGFβ1 every other day. C, Aortic ECs from WT 
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and ApoE-/- mice fed a western diet (WD) were labeled with fluorescently-conjugated antibodies 

to VE-cadherin, CD45, and α-SMA and then analyzed by flow cytometry. The red arrow indicates 

significantly more triple-positive cells in ApoE-/-WD mice, which is suggestive of a CD45+ 

EndoMT during atherosclerosis. D, IF staining for KLF-2 (green), VE-cadherin (red), and DAPI 

(blue) on the luminal surface of mouse aortic root sections. (Scale bars = 5 μM). E, En face 

immunostaining of the thoracic aorta was performed with antibodies to VE-Cadherin, CD31, DAPI 

(nuclei), and either (E) CD45 or (F) ICAM-1 (B, D Scale bars = 5 μM; E, Scale bars = 50 μM; F: 

Scale bars = 10 μM). 

Figure 5.   Endothelial CD45 deletion reduces atherosclerosis in the ApoE-/- mouse model. A, 

En face aortas from ApoE-/- and EC-iCD45KO /ApoE-/- female (B, 12-week WD) and male mice 

(C, 13-week WD) stained with Oil Red O. B, Statistics for en face oil red o staining in female 

mice. D, aortic root sections from ApoE-/- and EC-iCD45KO ApoE-/- mice were stained with the 

macrophage marker CD68 and α-SMA.  Hematoxylin and Eosin (H&E) staining for aortic root 

(E); aortic aneurysm sections (G); and brachiocephalic artery (I). Statistics for H&E staining in 

the aortic root (F), aortic aneurysm sections (H), and brachiocephalic artery (J). (Scale bars = 20 

μM). 

Figure S1. Overview of animal models. （A）and (B), workflow of generation of CD45.1 fl/fl , 

CD45.2 -/-  (EC-iCD45KO) /ApoE-/-mouse , ApoE -/- as control group. 

Figure S2. Loss of endothelial CD45 reduces atherosclerosis in ApoE−/− atherosclerotic mice. 

 Aortic root (A), and aortic aneurysm sections(C) from WT and EC-iCD45KO mice (16 week-

WD) stained with Oil Red O. Statistics for En face ORO staining in aortic root (B) and aortic 

aneurysm sections (D). E, Brachiocephalic artery (BCA) sections from ApoE-/- or EC-iCD45KO 
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ApoE-/- mice were stained with the macrophage marker CD68 and α-SMA. F, Van Gieson's stain 

gives collagen a pink color (arrows) and other tissue elements a yellow color in mouse aortic BCA 

(Scale bars = 20 μM). 

S3. Loss of endothelial CD45 reduces inflammation in ApoE−/− atherosclerotic mice. A, 

VCAM-1 (Vascular cell adhesion molecule 1 red), CD31(green), and DAPI (blue) on the luminal 

surface of aortic root sections (12-week WD). B, ICAM-1 (intercellular adhesion molecule-1, red) 

CD31 (green), and DAPI (blue) on the luminal surface of aortic root sections (16-week WD). 

Figure S4. Steps for preparation of aortic cells scRNA-seq data. WT and EC-iCD45KO male 

mice were fed a western diet for 16 weeks, followed by the isolation of aortas, enzyme digestion, 

CD31 beads enrichment endothelial cells, and single cell suspension were prepared by 

manufacturer’s instructions. 10X Genomics- Single-cell cDNA library preparation: barcoding 

cells for 10 x genomics, cDNA library construction and sc-RNA sequencing. cDNA library 

sequencing and computational analysis: Then the sequencing reads were preprocessed by cell 

ranger, and downstream analysis was done. 

S5. Data quality control (QC) for sc-RNA sequencing. Data quality control (QC) for sc-RNA 

sequencing: ApoE-/-:21745 genes from 11497 cells; EC-iCD45KO/ApoE-/-: 21436 genes from 

16273 cells. 

S6.  Cell type clusters of ApoE−/−and EC-iCD45KO/ApoE−/− mice. 

A, Cell type clusters of ApoE−/− and EC-iCD45KO/ApoE−/− mice, including endothelial cells 

(ECs), endothelial-to-mesenchymal transition (EndoMT) cells, vascular smooth muscle cells 

(VSMCs), fibroblasts, VSMC-like cells, proliferation cells, mesenchymal-like cells, MEndoT cells, 

B cells, T cells, Schwann cells, Trem2 macrophages, inflammatory macrophages, resident – like 
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macrophages, monocytes and monocytes derived dendritic cells. B, Proportion of endothelial cells 

(ECs), endothelial-to-mesenchymal transition (EndoMT) cells, vascular smooth muscle cells 

(VSMCs), fibroblasts, VSMC-like cells, proliferation cells, mesenchymal-like cells, MEndoT cells, 

B cells, T cells, Schwann cells, Trem2 macrophages, inflammatory macrophages, resident – like 

macrophages, monocytes and monocytes derived dendritic cells. 

S7. scRNA-seq analysis for ECs and SMCs markers in ApoE-/- and EC-iCD45KO/ApoE-/- 

mouse. A, RNA velocity analysis showed EndoMT transition down-regulated in EC-

iCD45KO/ApoE-/- mouse. B, CDH5 is up-regulated in MEndoT cells of EC-iCD45KO/ApoE-/- 

that indicates Mesenchymal to EC transition in endothelial specific knock-out mice. C, Gene 

expression of representative markers specific to ECs (Cldn5, Egfl7, Cdh5) and SMCs (Myh11, 

Tagln, Fbln5) through the EC→EndoMT→SMC process is shown as normalized expression vs 

UMAP_1. 

S8. scRNA-seq analysis for ECs and SMCs markers on EndMT1 and EndMT2 subcluster 

between ApoE-/- and EC-iCD45KO/ApoE-/- mouse. A, Trajectory analysis for ApoE-/- and EC-

iCD45KO/ApoE-/- in mouse aortic cells (ECs as root). B, Proportion of ECs, EndoMT1, EndoMT2, 

VSMCs, fibroblasts, VSMC-like cells, and proliferation cells. C-D, Gene expression of 

representative markers specific to ECs (Cdh5)  and SMCs (Acta2, Col1a2, Sparc, Ly6a, and Pde4d) 

through the EC→EndoMT→SMC process is shown as normalized expression vs UMAP_1. Violin 

plots of EC (E), SMC (F), and EndoMT (G) markers differentially expressed in ApoE-/- and EC-

iCD45KO/ApoE-/- mice. In the EndoMT1 subgroups of EC marker–positive cells (Ly6a, Emcn, 

Sem6a), SMC marker–positive cells (Foxp1, Col8a1, Itga4) and EndoMT marker-positive cells 

(Ebf1, Bgn) were analyzed. In the EndoMT2 subgroups of EC marker–positive cells (Calr, Nf1, 
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Nr2f2), SMC marker–positive cells (Silk) and EndoMT marker-positive cells (Ets1, Btg1) were 

analyzed.   
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Figure S2
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nFeature_RNA > 500 & nFeature_RNA < 

4500 & percent.mt < 5 & percent.ribo < 15

Figure S5
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Supplemental Materials and Methods 

 

Animal models 

In this study, all animal procedures were performed in compliance with institutional guidelines 

and mouse protocols were approved by the Institutional Animal Care and Use Committee (IACUC) 

of Boston Children’s Hospital, MA, USA. Both male and female mice were used. C57BL/6 mice 

(stock #00664), ApoE-/- mice (stock #002052), EC-specific Cre deleter mice (iCDH5CreERT2). 

We crossed CD45 floxed mice with tamoxifen-inducible EC-specific Cre deleter mice (iCDH5 

CreERT2) to create an inducible EC-specific CD45 deficient mouse strain (EC-iCD45KO). We 

then bred EC-iCD45KO mice to the ApoE-/- (C57BL/6) background to obtain ApoE-/-/EC-

iCD45KO mice. For controls, we used wild-type C57BL/6 mice bearing iCDH5 CreERT2 

(denoted as WT). These mice crossed to the ApoE-/- (C57BL/6) background to obtain control 

ApoE-/-/WT (ApoE-/-) mice. Mice were fed a Western diet (WD, D12079B, Research Diet) starting 

at the age of around 8 months old for 8-24 weeks. Mice were sacrificed at different time points 

based on the experiment. 

Mouse Genotyping for CD45.1 by Polymerase Chain Reaction (PCR) 

Genomic DNA was extracted from mouse tail biopsy using the DNeasy Kit (Qiagen). A triple-

primer method was used for genotyping ApoE, CD45.1 and their mutants with neomycin-resistant 

gene inserts, respectively, using the following primer sequences: Mouse CD45 wild-type primer: 

5’-’; Mouse CD45.1 mutant: 5’- -3’; Mouse CD45 common primer: 5’- -3’; ApoE forward-1: 5’- 

-3’, ApoE forward-2: 5’- -3’, and ApoE reverse: 5’- -3’. The PCR condition was as follows: jump 

start for 2 min at 95°C, denaturation for 1 min at 95°C, annealing for 1 min at 56 °C, and extension 

at 72°C for 1 min, for 40 cycles. The resulting PCR products were resolved on a 1.5 % agarose 
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ethidium bromide gel and the amplified bands were visualized with ultraviolet light, after which 

the PCR products were purified and sequence identity was confirmed by sequencing  

Mouse Genotyping for CD45.2 by flow cytometry 

Mouse blood was collected from the tail nick into an Eppendorf tube that contains 200µL PBS/ 

10mM EDTA (anticoagulant) and stored on ice. Then, red blood cells were lysis by using red blood 

cell lysis buffer (Millipore Sigma Cat# 11814389001), and cell pellets were spun down. We then 

added 500µL buffer (2%HBSS without phenol red + 0.1% BSA + 0.02% Na azide) to wash RBC 

lysis buffer from cells and spun down. Next, remove the supernatant from the pellets. Cell pellets 

were resuspended in FACS buffer with Trustain (anti-mouse CD16/32) from BioLegend, anti-

mouse CD45.1-PE (BioLegend) and CD45.2-FITC (BioLegend) at 4°C, 30 min before flow 

cytometry analysis using BD instrument.  

MAEC isolation 

To isolate mouse aortic endothelial cells (MAECs), aortas were collected and washed twice with 

PBS at 4 °C and then carefully stripped of fat and connective tissue. The aortas were cut into 3 

mm long sections, and segments were put on Matrigel-coated (Corning) plate with EC medium. 

After 4 days, vascular networks were visible under the light microscope and tissue segments were 

removed. ECs were detached, spun down and cultured in fresh EC medium. The identity of isolated 

ECs was confirmed by immunofluorescent staining using EC markers CD31. A full list of reagents 

including antibodies and primers is included in the supplementary information (Supplementary 

Data file 4). Cultured MAECs were treated with 5 µM tamoxifen for 3 days to induce the deletion 

of CD45 gene from EC-iCD45KO/ApoE−/− mice, MAECs isolated from ApoE−/− mice as controls 
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(without tamoxifen treatment). Cells were treated with 100 µg/mL oxLDL or 10ng/mL TGFβ1 at 

different times as indicated while maintaining 2 µM tamoxifen in the culture medium. 

Flow cytometry analysis 

We applied the triple-label flow cytometric method we developed for mitral valve analyses to total 

aortic ECs from age and gender-matched wild-type (WT) and ApoE-/- mice fed a WD for 16-20 

weeks. As ApoE-/- mice fed a normal diet also develop lesions, albeit at a slower rate compared to 

WD-fed ApoE-/- mice, we chose to use WT mice that were fed a normal chow as our true negative 

control for EndoMT occurrence to rule out the potential effect of high cholesterol content in WD-

fed mice and lesion development in normal chow-fed ApoE-/- mice. Blood was thoroughly flushed 

from aortas to enrich vessel wall-localized cells. Antibodies were rat anti-mouse CD45 (BD 

Biosciences #564590), anti-VE-cadherin-FITC(), anti-CD45-CF647(), anti-FGFR1-PE(), and 

rabbit anti-human VE-cadherin (ABD Serotec #AHP628Z) coupled to APC using the LYNX 

Rapid APC Antibody Conjugation Kit (ABD Serotec #LNK031APC) as well as rabbit anti-human 

α-SMA-PE (Abcam #ab209478) with isotype-matched control IgGs and matching fluorescent tags. 

Antibodies were authenticated by showing binding to murine CD45, VE-cadherin, and α-SMA, 

respectively, and using appropriate positive and negative controls. 
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Supplement Table 1 : Major Resources Table 

Antibodies 

Target antigen Vendor or Source Catalog # Working 

concentration 

Primary Antibodies 

Mouse VE-Cadherin Antibody R & D systems AF1002 1:50(IF) 

Anti-Klf2 Antibody (Rabbit 

Polyclonal Antibody 

EMD Millipore 09-820 1:200(IF) 

Mouse monoclonal anti-CD68 Santa Cruz 

Biotechnology 

Sc20060 1:200(IF) 

Anti-Actin, α-Smooth 

Muscle - Cy3™ antibody, 

Mouse monoclonal α-SMA 

Sigma-Aldrich C6198 1:200(IF) 

Rat-anti Mouse CD31 BD Pharmingen 550274 1:50(IF) 

Mose Anti-CD45 Santa Cruz 

Biotechnology 

Sc-28369 1:200 

Mouse monoclonal ICAM-1 Santa Cruz 

Biotechnology 

Sc8439 1:200(IF) 

Mouse monoclonal VCAM-1 Santa Cruz 

Biotechnology 

sc13160 1:70(IF) 

Alexa Fluor Conjugated 

Second Antibodies 

REF 2mg/ML 

Goat anti-rabbit 647 Invitrogen A-21244 1:200(IF) 

Goat anti-rat 647 Invitrogen A-21247 1:200(IF) 

Donkey anti-mouse 594 Invitrogen A-21203 1:200(IF) 

Donkey anti-rabbit 594 Invitrogen A-21207 1:150(IF) 

Donkey anti-rat 594 Invitrogen A-21209 1:150(IF, Flow) 

Donkey anti-rat 488 Invitrogen A-21208 1:200(IF) 

Donkey anti-mouse 488 Invitrogen A-21202 1:150(IF, Flow) 

Donkey anti-rabbit 488 Invitrogen A-21206 1:150(IF, Flow) 

IF 

Donkey anti-rabbit 647 Invitrogen A31573 1:200(IF) 

Lot:2674379 
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Donkey anti-goat 594 Invitrogen A11058 1:200(IF) 

Donkey anti-Rat 647 Invitrogen A21247 1:200(IF) 

Donkey anti-mouse 647 Invitrogen A31571 1:200(IF) 

Reagents 

Description Source / Repository Catalog # 

Oil Red O (ORO) Thermo Scientific Cat# A12989 

Hematoxylin and Eosin stain kit Vector Laboratories Cat# H-3502 

Propylene glycol VWR 0575 

Oxidized LDL (ox-LDL) Athens Research and 

Technology 

Cat#12-16-120412-ox 

Low Density Lipoprotein from Human 

Plasma, oxidized, DiI conjugate (DiI- 

OxLDL) 

ThermoFisher Scientific Cat# L34358 

TopFluor Cholesterol Avanti Polar Lipids,Inc Cat# 810255p 

SlowFade mount with DAPI Invitrogen Cat# 1896320 

Protein inhibitor cocktail cOmplete ™ REF:11836170001 

Isopropanol, molecular biology grade ThermoFisher Scientific Cat# T036181000CS 

Qiagen RNeasy Mini Kit Qiagen Cat# 74104 

RNase-free DNAse Set Qiagen Cat# 79254 
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HiScript II One Step qRT-PCR SYBR Green 

Kit 

Vazyme Q221-01 

SYPR Green qPCR Master Mix reagent Vazyme Cat# Q712 

Fluoroshield R & D Systems F6812 

Ciprofloxacin Hydrochloride 

TCI AMERICA C2227 

Triton™ X-100 Surfactant MilliporeSigma TX15681 

Matrigel Matrix Corning REF#356237 

CD31 MicroBeads (Mouse) Miltenyi Biotec Cat# 130-097-418 

Collagenase type I Gibco by Life technologies Ref 17100-017 

Collagenase type IV Gibco by Life technologies Ref 17104-019 

Liberase Roche Cat# 05401127001 

GEM Single Cell 3’GEM Kit v3.1 10X Genomics PN-

1000123 

GEM Single Cell 3’Library Kit v3.1 10X Genomics PN-1000157 

GEM Single Cell 3’Gel Bead Kit v3.1 10X Genomics PN-1000122 

DynabeadsTM MyOneTM SILANE 10X Genomics PN-2000048 

GEM Chip G Single Cell Kit, 48rxns 10X Genomics PN-1000120 
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Single Index Kit T Set A, 96 rxns 10X Genomics PN-1000213 

Oligonucleotides 

Description Source / Repository Catalog # 

TGFβ2 This study N/A 

Forward: 5’- GGACCCTACTCTGTCTGTGG -3’ 

Reverse: 5’- AGCCATGGAGTAGACATCCG -3’ 

TGFβ3 This study N/A 

Forward: 5’- GACATCCCTTCCACCCAAGA-3’ 

Reverse: 5’- CAGGAGGAATGGTGTGGACT -3’ 

Beta-actin This study N/A 

Forward: 5’- TTACTGCTCTGGCTCCTAGCA-3’ 

Reverse: 5’-CCACCGATCCACACAGAGTAC-3’ 

Software and Algorithms 

Description Persistent ID / URL 

Image J NIH website: https://imagej.nih.gov/ij/ 

GraphPad Prism GraphPad software company: https://www.graphpad.com/sci 

entificsoftware/prism/ 

Zeiss Zen lite https://www.zeiss.com/microscopy/us/products/microscope- 

software/zen-lite.html 

Image J NIH website: https://imagej.nih.gov/ij/ 
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GraphPad Prism GraphPad software company: https://www.graphpad.com/sci 

entificsoftware/prism/ 
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