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Abstract

Background: The process of aortic injury, repair, and remodeling during aortic aneurysm and 

dissection is poorly understood. We examined the activation of bone marrow (BM)-derived and 

resident aortic cells in response to aortic injury in a mouse model of sporadic aortic aneurysm and 

dissection.

Materials and methods: Wild-type C57BL/6 mice were transplanted with green fluorescent 

protein (GFP)+ BM cells. For 4 wk, these mice were either unchallenged with chow diet and 

saline infusion or challenged with high-fat diet and angiotensin II infusion. We then examined the 

aortic recruitment of GFP+ BM-derived cells, growth factor production, and the differentiation 

potential of GFP+ BM-derived and GFP− resident aortic cells.
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Results: Aortic challenge induced recruitment of GFP+ BM cells and activation of GFP− 

resident aortic cells, both of which produced growth factors. Although BM cells and resident 

aortic cells equally contributed to the fibroblast populations, we did not detect the differentiation 

of BM cells into smooth muscle cells. Interestingly, aortic macrophages were both of BM-derived 

(45%) and of non−BM-derived (55%) origin. We also observed a significant increase in stem cell 

antigen-1 (Sca-1)+ stem/progenitor cells and neural/glial antigen 2 (NG2+) cells in the aortic wall 

of challenged mice. Although some of the Sca-1+ cells and NG2+ cells were BM derived, most of 

these cells were resident aortic cells. Sca-1+ cells produced growth factors and differentiated into 

fibroblasts and NG2+ cells.

Conclusions: BM-derived and resident aortic cells are activated in response to aortic injury and 

contribute to aortic inflammation, repair, and remodeling by producing growth factors and 

differentiating into fibroblasts and inflammatory cells.
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Introduction

Aortic aneurysm and dissection (AAD) are major diseases of the aorta, accounting for more 

than 10,000 deaths in the United States each year.1 Despite improvements in diagnostic and 

therapeutic techniques, patients with AAD have a high mortality rate. Understanding the 

mechanisms of AAD formation is important for developing new treatment options.

The aortic wall is constantly subjected to biologic insults and hemodynamic stress, which 

can cause aortic inflammation, smooth muscle cell (SMC) damage,2 and extracellular matrix 

destruction.3 When the aorta is injured, complex interconnected programs may be triggered 

to quickly restore tissue homeostasis,4 such as the recruitment of inflammatory cells to the 

injured area to clear damaged tissue,5,6 the activation and differentiation of stem cells to 

replace the damaged cells, the proliferation of SMCs to replace the lost cells, and the rapid 

proliferation of fibroblasts that produce collagen to strengthen the aortic wall and prevent 

rupture.7–9 However, the reparative process that occurs in response to aortic injury is poorly 

understood.

Bone marrow (BM)-derived cells have been shown to directly participate in vascular repair 

and regeneration10–12 by producing growth factors.13 To understand the reparative process 

after AAD and to determine the relative contributions of BM-derived versus resident aortic 

cells in aortic repair and remodeling, we systematically examined the recruitment, 

activation, differentiation potential, and growth factor production of BM-derived and 

resident aortic cells in response to aortic injury in a mouse model of sporadic AAD.

Materials and methods

Experimental design and model of sporadic AAD

All animal procedures were approved by the Institutional Animal Care and Use Committee 

at Baylor College of Medicine in accordance with the guidelines of the National Institutes of 
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Health. Eight-week-old male wild-type C57BL/6 mice (Jackson Laboratory, Bar Harbor, 

ME) (n = 28) were lethally irradiated and then subjected to BM transplantation as described 

in the following section. Four weeks after transplantation, the mice were either challenged 

with a high-fat diet and continuous angiotensin II infusion (2000 ng/kg/min; SigmaeAldrich 

Corporation, St. Louis, MO) for 4 wk (n = 19) or unchallenged with a chow diet and 

continuous saline infusion for 4 wk (n = 9). At the end of the study, the mice were 

euthanized, and their aortas were harvested, fixed in 4% paraformaldehyde, dehydrated in 

20% sucrose, and embedded in an optimal cutting temperature compound for 

immunofluorescence studies (see Immunofluorescence studies section). Aortic dilatation 

was defined as an aortic diameter 1.25× greater than that of unchallenged mice, and aortic 

aneurysm was defined as an aortic diameter 1.5× greater than that of unchallenged mice.

Bone marrow transplantation

BM cells from green fluorescent protein (GFP) transgenic mice (Jackson Laboratory, Bar 

Harbor, ME) were used as donor cells. BM cells were harvested from 8-wk-old male GFP 

transgenic mice. The cellular content of the BM was analyzed by means of flow cytometry 

analysis (BD fluorescence-activated cell sorting [FACS] LSR; BD Biosciences, Heidelberg, 

Germany) by using antibodies against fibroblast-specific protein-1 (FSP-1) (Abcam, 

Cambridge, MA), CD68 (Santa Cruz Biotechnology, Santa Cruz, CA), stem cell antigen-1 

(Sca-1) (Abcam, Cambridge, MA), and neural/glial antigen 2 (NG2) (Abcam, Cambridge, 

MA). The recipient mice were lethally irradiated with a total dose of 10 Gy (1000 rad), 

which was administered in 2 doses 3 h apart. The mice then received 5 × 106 BM donor cells 

via tail-vein injection. To confirm the success of BM transplantation, FACS analysis was 

used to compare peripheral blood from recipient mice 4 wk after transplantation to that from 

control mice that did not receive BM transplantation.

Blood pressure measurement

Systolic blood pressure was measured on the day of pump implantation and once a week 

thereafter by means of a computerized tail-cuff system (Visitech Systems, Inc, Apex, NC).

Immunofluorescence studies

Frozen sections (5 μm) of the aorta were stained with primary antibodies, including anti–

FSP-1, anti-CD68, anti–α-smooth muscle actin (SMA), anti-SM22α, anti–vascular 

endothelial growth factor (VEGF) (Abcam), anti–insulin-like growth factor-1 (IGF-1), and 

anti–platelet-derived growth factor beta (PDGF-B) (Santa Cruz Biotechnology). Sections 

were incubated with secondary antibodies conjugated to an Alexa Fluor dye (Invitrogen, 

Carlsbad, CA). Nuclei were counterstained with 4′,6-diamidino-2-phenylindole (DAPI). The 

sections were examined with an Olympus DP70 fluorescence microscope (Olympus, Tokyo, 

Japan) or a Leica SP5 confocal microscope (Leica Microsystems Inc, Buffalo Grove, IL). 

GFP+ cells and immunostained cells were counted from four randomly selected fields (at a 

magnification of × 600) per slide by using Image-Pro Plus 6.0 (Media Cybernetics, Inc, 

Bethesda, MD). Cells within the thrombus in the false lumen were not counted.
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Statistical analysis

All statistical analyses were performed with SPSS (Version 13, SPSS Inc, Chicago, IL). The 

normality of the data was examined by using the Shapiro–Wilk test. For normally distributed 

data, the equality of variances was examined by using Levene’s test. Two-group 

comparisons were performed by using the two-sample t-test. Multigroup comparisons were 

performed by using one-way analysis of variance. Data are reported as the mean ± standard 

deviation. For all statistical analyses, two-tailed probability values were used. A probability 

value of P < 0.05 was considered significant.

Results

Reconstitution of BM in irradiated wild-type recipient mice

To facilitate the tracking of BM-derived cells, recipient mice were transplanted with BM 

cells from GFP+ mice. FACS analysis of the donor BM cells showed the absence of FSP-1+ 

fibroblasts and CD68+ macrophages (data not shown). Four weeks after transplantation, 

FACS analysis of the peripheral blood from the 28 mice showed that 97.1%−99.0% of all 

nucleated cells expressed GFP, indicating near complete reconstitution of BM in the 

recipient mice (online-only Supplemental Fig). Furthermore, the leukocyte subpopulations 

in the recipient mice were similar to those in mice that did not receive BM transplants (data 

not shown), confirming that the composition of the leukocyte population was within the 

physiologic range before the mice were infused with angiotensin II.

Development of AAD in challenged mice

Compared with unchallenged mice, challenged mice showed a significant increase in 

systolic blood pressure (Fig. 1A). Whereas no obvious aortic changes were observed in the 

unchallenged mice, 68% (13/19) of the challenged mice developed aortic dilatation, and 

37% (7/19) developed aortic dissection (Fig. 1B and C) with false lumen and thrombus 

formation between the medial and adventitial layers (Fig. 1C). Of the seven mice that 

developed dissection, six had an enlarged aorta and met the criteria for an aneurysm (aortic 

diameter 1.5× greater than normal), and one showed aortic dilation (aortic diameter 1.25× 

greater than that normal) but did not meet the criteria for an aneurysm. AAD and aortic 

dilatation occurred in the ascending aorta, aortic arch, descending thoracic aorta, and 

suprarenal abdominal aorta (Fig. 1D). The infrarenal abdominal aorta was relatively normal 

in all of the mice.

Recruitment of BM cells to the injured aortic wall

We next examined the presence of BM-derived cells. In unchallenged mice, a few GFP+ 

BM-derived cells were detected in the adventitia but not in the media of the aortic wall (Fig. 

2A). In contrast, significantly more GFP+ BM-derived cells were observed in the aortic 

media and adventitia of challenged mice, particularly those with AAD. In the aortas of 

challenged mice with AAD, BM-derived cells contributed to 43% of the cell population 

(Fig. 2B). These findings suggest that aortic stress and injury induce the recruitment of BM-

derived cells to the aortic wall.
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Production of growth factors by BM-derived cells and resident aortic cells

VEGF,14 IGF-1,15 and PDGF-B16 are multifunctional factors that have been shown to 

promote cardiovascular repair. Thus, we examined the presence of these growth factors in 

the injured aortic wall. Immunofluorescence staining showed that VEGF, IGF-1, and PDGF-

B were highly expressed in the adventitia and in the media-adventitia boundary area in AAD 

tissue (Fig. 3). Interestingly, BM-derived cells and resident aortic cells showed different 

patterns of growth factor production. Whereas VEGF was expressed in both GFP+ and GFP

− cells, IGF-1 and PDGF-B were expressed mostly in GFP+ cells.

Absence of BM-derived SMCs in the injured aortic wall

To explore whether BM-derived cells contribute to regeneration of the injured aorta in AAD 

by differentiating into vascular SMCs, we examined the expression of the early SMC 

markers α-SMA and SM22α in GFP+ BM-derived cells. In the aortas of all 19 challenged 

mice, no GFP+ α-SMA+ cells or GFP+ SM22α+ cells were detected by using confocal 

microscopy analysis (Fig. 4), suggesting that BM-derived cells in the aortic wall may not 

differentiate into vascular SMCs in this experimental model of AAD.

Equal distribution of BM-derived and resident fibroblasts in the injured aortic wall

Fibroblasts are important components of the aortic wall and play diverse roles in tissue 

repair, remodeling, and inflammation.7,9 Therefore, we examined the presence of fibroblasts 

in the injured aortic wall by detecting FSP-1, a marker of fibroblasts in organs undergoing 

tissue remodeling.17 Immunofluorescence staining showed that FSP-1+ cells were 

significantly increased in the aortas of challenged mice and composed up to 40% of the 

aortic cell population (Fig. 5A). Both GFP+ BM-derived FSP-1+ cells and GFP− resident 

FSP-1+ cells were increased, suggesting that BM-derived cells and resident aortic cells 

equally contributed to the increased number of FSP-1+ cells in the aortas of the challenged 

mice (Fig. 5B). These findings indicate the important contribution of BM-derived cells and 

resident aortic cells in aortic fibrotic remodeling.

Equal distribution of BM-derived and nonBM-derived inflammatory cells in the injured 
aortic wall

Inflammatory cells, especially macrophages, play an important role in aortic destruction in 

AAD.5,6 The number of CD68+ macrophages was significantly increased in the aortas of 

challenged mice when compared with the aortas of control mice, particularly in the aortic 

adventitia (Fig. 6A and B). Interestingly, in challenged mice, only 30%−45% of the aortic 

macrophages were GFP+ BM-derived (Fig. 6C), whereas the remaining cells were GFP− 

cells. These findings suggest that the macrophages from a non-BM source also contribute to 

aortic inflammation.

BM-derived and aortic resident NG2+ cells are activated in the injured aortic wall

NG2+ cells are multipotent progenitor cells that are critical for the development and 

maturation of neural and vascular tissues.18 We therefore explored the presence of NG2+ 

cells and their potential differentiation into SMCs and contribution to aortic regeneration in 

AAD. Whereas only a few NG2+ cells were detected in the aortic adventitia of unchallenged 
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mice, significantly more GFP+ BM-derived NG2+ cells and GFP− resident NG2+ cells were 

observed in the aortic adventitia of challenged mice (Fig. 7A and B), indicating the 

recruitment of BM-derived cells and the activation of resident aortic cells in response to 

aortic injury. Although the percentage of BM-derived NG2+ cells in the total NG2+ cell 

population was increased in the aortas of challenged mice, resident NG2+ cells accounted 

for 75%−80% of the NG2+ cells in those aortas (Fig. 7C). Interestingly, we also observed 

significant NG2 expression in the aortic media of challenged mice (Fig. 7A). Although a 

significant amount of GFP− NG2+ SM22α+ cells were observed (Fig. 7D), GFP+ NG2+ 

SM22α+ cells were not detected, indicating that resident aortic NG2+ cells, but not BM-

derived NG2+ cells, can transform into SMCs.

Activation of BM-derived and resident Sca-1 + stem/progenitor cells in the injured aortic 
wall

Because Sca-1+ stem/progenitor cells are important in cardiovascular repair,19 we examined 

their presence in the injured aortic wall. In aortas from unchallenged mice, we detected 

Sca-1+ stem/progenitor cells, most of which were GFP− resident cells (Fig. 8A and B). 

However, in aortas from challenged mice, we observed significantly more Sca-1+ cells, 

particularly in the adventitia. Some Sca-1+ cells were also seen in the endothelial layer, and 

very few were detected in the aortic media (Fig. 8A). These Sca-1+ cells were composed of 

both BM-derived Sca-1+ and resident Sca-1+ cells (Fig. 8C). Interestingly, although the 

proportion of BM-derived Sca-1+ cells was significantly higher in challenged mice (20%

−25%) than in control mice (5%), most of the Sca-1+ cells were GFP− resident stem/

progenitor cells, indicating a predominant role of resident Sca-1+ stem/progenitor cells in 

aortic repair and remodeling.

We next explored whether Sca-1+ stem/progenitor cells can differentiate into vascular 

SMCs. Using immunofluorescence staining, we did not detect either BM-derived (GFP+) 

Sca-1+ SM22α+ cells or resident (GFP−) Sca-1+ SM22α+ cells, suggesting that Sca-1+ 

cells may not differentiate into SMCs. In contrast, we detected a significant amount of 

Sca-1+ FSP-1+ cells, Sca-1+ CD68+ cells, and Sca-1+ NG2+ cells in the aortas of 

challenged mice (Fig. 8D), which were either BM-derived or resident cells. These findings 

suggest the potential differentiation of both BM-derived and resident Sca-1+ cells into 

fibroblasts, inflammatory cells, and NG2+ cells. Finally, triple staining showed that the 

growth factors VEGF, IGF-1, and PDGF-B were expressed mostly in BM-derived Sca-1+ 

cells (Fig. 8E).

Discussion

In this study, we showed that both BM-derived and resident aortic cells were activated in 

response to aortic stress, produced growth factors, and formed fibroblasts and inflammatory 

cells. Resident stem/progenitor cells were more prominent than BM-derived stem/progenitor 

cells in the aortas of challenged mice. Our findings suggest that BM-derived and resident 

stem/progenitor cells are activated in response to aortic stress and may contribute to aortic 

repair and remodeling by developing into functionally relevant phenotypes and/or by 

producing growth factors.
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VEGF,14,20–22 IGF-1,23–25 and PDGF-B16,26,27 play potent roles in vascular protection and 

regeneration by promoting vascular cell survival and proliferation. We observed a profound 

increase in the production of VEGF, IGF-1, and PDGF-B from BM-derived cells and 

resident aortic cells in the adventitia of AAD tissue, suggesting that these cells may 

contribute to aortic repair and regeneration by producing growth factors that promote 

vascular cell survival and proliferation. Interestingly, VEGF was expressed in both BM-

derived cells and in resident aortic cells, whereas IGF-1 and PDGF-B were expressed mostly 

in BM-derived cells. These findings suggest that BM-derived cells and resident aortic cells 

differ in growth factor production.

SMCs are the main cell type in the aortic media and are crucial for maintaining aortic 

structure and function. SMC apoptosis and depletion are common features of aortic 

aneurysms28 and dissections.29 Effective repair and replacement of damaged SMCs are 

essential in aortic repair and in the prevention of AAD formation. We previously observed 

the expression of an SMC marker in stem/progenitor cells in human thoracic AAD tissue, 

suggesting the differentiation of stem/progenitor cells into SMCs.30 However, it is unclear 

whether those SMC progenitors were resident cells or BM-derived cells. In the present 

study, we observed very few BM-derived cells in the aortic media and did not detect the 

expression of vascular SMC markers in BM-derived cells. Although the differentiation of 

BM-derived progenitor cells into SMC lineages has been demonstrated in vitro,31 this event 

has been reported to be extremely rare in vivo.32 Thus, it is most likely that SMC progenitor 

cells observed in AAD tissue are resident cells rather than BM-derived cells.

Fibroblasts participate in tissue repair by migrating, proliferating rapidly, and synthesizing 

connective tissue components.8 They can also produce cytokines, such as interleukin-6, 

induce monocyte chemotactic protein-1 secretion, and promote monocyte recruitment and 

activation,9 thus mediating vascular inflammation and promoting aortic destabilization. In 

the aortas of challenged mice, we observed a significant increase in fibroblasts derived from 

both BM cells and aortic cells, near the dissection area between the aortic media and 

adventitia and in the adventitia. The quick and profound increase in fibroblasts in response 

to aortic injury suggests that fibroblasts may play a pivotal role in increasing aortic strength 

and preventing aortic rupture. However, they may also drive the inflammatory response or 

maladaptive remodeling and aggravate the injury.

Macrophages have been shown to play a destructive role in the formation and progression of 

AAD. Previous studies have shown an association between aortic macrophage accumulation 

and abdominal aortic aneurysm expansion.5 Macrophage-mediated vascular inflammation 

leads to aortic dissection9 and contributes to aortic aneurysm formation.6 In addition, 

macrophages are the main source of elastase activity in aneurysmal tissues.33 In our study, 

CD68+ macrophages were significantly increased in the aortic adventitia of challenged 

mice, indicating an increased level of inflammation. Interestingly, we found that only 45% 

of the aortic macrophages in challenged mice were derived from BM cells, whereas the 

remaining macrophages were derived from a non-BM source. It has recently been shown 

that the proliferation of BM-derived inflammatory and tissue-resident macrophage lineage 

branches is a key feature of the inflammatory process.34 Thus, aortic resident macrophages 

may exist and contribute to aortic inflammation.
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NG2+ cells are vascular mural cells with progenitor-like properties and have been shown to 

function as vascular smooth muscle cell progenitor cells.35,36 In addition, NG2+ cells 

secrete growth factors such as VEGF and angiopoietin-135,36 and promote endothelial 

survival,25 thus playing a critical role in cardiovascular development and repair.35,37 In our 

study, aortic challenge significantly increased BM-derived NG2+ cells and resident NG2+ 

cells, either by proliferation and/or transformation. Importantly, although BM-derived NG2+ 

cells were significantly increased in response to injury, resident NG2+ cells were the 

predominant type observed in the injured aorta, indicating that resident NG2+ cells may play 

a major role in aortic repair. Furthermore, we observed the transformation of resident aortic 

NG2+ cells but not BM-derived NG2+ cells into SMCs, supporting the notion that resident 

aortic cells may play a major role in aortic SMC repair and/or regeneration.

When cardiovascular tissue is injured, stem cells/progenitors are activated to participate in 

cardiac38–40 and vascular10,41 repair by producing growth factors and differentiating into 

endothelial cells,42–44 SMCs,19 and inflammatory cells.44 We previously observed stem/

progenitor cells in human thoracic AAD tissue.30 However, it is unclear whether those stem/

progenitor cells were resident aortic cells or BM-derived cells. In the present study, we 

showed that both BM-derived and resident Sca-1+ stem/progenitor cells were significantly 

increased in the aortas of challenged mice, suggesting that aortic injury not only induced the 

recruitment of BM-derived stem cells but also stimulated the proliferation of resident stem 

cells. Interestingly, most of the Sca-1+ cells (>80%) that were increased in response to aortic 

challenge were of resident aortic origin. These Sca-1+ cells can produce growth factors and 

differentiate into SMCs, fibroblasts, and inflammatory cells. A growing body of evidence 

has suggested that resident stem/ progenitor cells contribute to angiogenesis and vascular 

repair.42–44 Thus, our study indicates a predominant role of resident aortic cells in aortic 

repair and remodeling.

Conclusions

In summary, we found using an experimental model of AAD that BM-derived and resident 

aortic cells are activated in response to aortic stress. BM-derived cells and aortic resident 

cells contribute equally to aortic inflammatory cells and fibroblasts. Resident aortic cells 

contribute to the majority of progenitors. Our findings suggest that BM-derived cells and 

aortic resident cells play differential and dynamic roles in aortic inflammation, repair, and 

remodeling.
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Refer to Web version on PubMed Central for supplementary material.
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Fig. 1 –. 
Development of aortic aneurysm and dissection (AAD) in challenged mice. Mean systolic 

blood pressure in control and challenged mice during the 4-wk challenge period (A). *P < 

0.001. Representative images of an aorta from a control mouse and an aorta from a 

challenged mouse with suprarenal AAD (B). Cross-section of the aneurysmal suprarenal 

aorta in a challenged mouse showing dissection between the medial and adventitial layers 

and thrombus formation in the false lumen (C). ▲ indicates the true aortic lumen. Incidence 

of AAD and aortic dilatation in different aortic segments of challenged mice (D). FL, false 

lumen.
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Fig. 2 –. 
Recruitment of bone marrow (BM) cells to the injured aortic wall. Representative images 

show GFP + BM-derived cells in the suprarenal aorta of challenged mice (with or without 

AAD) and control mice (A). ▲ indicates the aortic lumen. The percentage of GFP + BM-

derived cells in the total cell population in the suprarenal aorta of challenged mice (with or 

without AAD) and control mice (n = 4 per group) (B). HFD, high-fat diet.
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Fig. 3 –. 
Production of growth factors by bone marrow (BM)-derived cells and resident aortic cells. 

Immunofluorescence staining showing the production of growth factors by GFP + BM-

derived cells and GFP − resident cells in the injured aorta. White arrows indicate BM-

derived cells producing the indicated growth factor (scale bar = 5 μm).
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Fig. 4 –. 
Vascular smooth muscle cells (SMCs) not derived from differentiated bone marrow (BM)-

derived cells. Representative confocal microscopy images showing that no GFP + α-SMA + 

cells or GFP + SM22α+ cells were detected in the aortas of challenged mice, suggesting that 

BM-derived cells in the aortic wall may not differentiate into vascular SMCs in this 

experimental model of AAD.
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Fig. 5 –. 
Equal distribution of bone marrow (BM)-derived fibroblasts and resident fibroblasts in the 

injured aortic wall. Representative images showing FSP-1+ cells in the suprarenal aorta of 

control and challenged mice (A). ▲ indicates the aortic lumen. White arrows indicate 

FSP-1+ BM-derived cells. The percentage of FSP-1+ BM-derived cells, FSP-1+ resident 

cells, and FSP-1+ cells in the total cell population of the suprarenal aorta (*P < 0.05 versus 
control group) (B) and the percentage of FSP-1+ BM-derived cells in the total FSP-1+ cell 

population of the suprarenal aorta in challenged mice (with or without AAD) and control 

mice (n = 4 per group) (C). HFD, high-fat diet.
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Fig. 6 –. 
Equal distribution of bone marrow (BM)-derived and non − BM-derived inflammatory cells 

in the injured aortic wall. Representative images showing CD68+ inflammatory cells in the 

suprarenal aorta of control and challenged mice (A). ▲ indicates the aortic lumen. White 

arrows indicate CD68+ BM-derived cells. The percentage of CD68+ BM-derived cells, 

CD68+ resident cells, and CD68+ cells in the total cell population of the suprarenal aorta 

(*P < 0.05 compared to control group) (B) and the percentage of CD68+ BM-derived cells 

in the total CD68+ population of the suprarenal aorta, in challenged (with or without AAD) 

and control mice (n = 4 in each group) (C). HFD, high-fat diet.
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Fig. 7 –. 
Activation of bone marrow (BM)-derived and resident aortic NG2+ cells in the injured aortic 

wall. Representative images of NG2+ cells in the suprarenal aorta of control and challenged 

mice (A). ▲ indicates the aortic lumen. White arrows indicate NG2+ BM-derived cells. The 

percentage of NG2+ BM-derived cells, NG2+ resident cells, and NG2+ cells in the total cell 

population of the suprarenal aorta (*P < 0.05 compared to control group) (B) and the 

percentage of NG2+ BM-derived cells in the total NG2+ cell population of the suprarenal 

aorta in challenged and control mice (n = 4 per group) (C). Resident NG2+ pericytes (GFP−) 

differentiated into vascular smooth muscle cells (scale bar = 25 μm) (D). BMDC, bone 

marrow–derived cells; HFD, high-fat diet.
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Fig. 8 –. 
Activation of bone marrow (BM)-derived and resident Sca-1+ stem/progenitor cells in the 

injured aortic wall. Representative images showing BM-derived Sca-1+ cells in the 

suprarenal aorta of control and challenged mice (A). ▲ indicates the aortic lumen. White 

arrows indicate BM-derived Sca-1+ cells. The percentage of BM-derived Sca-1+ cells, 

resident Sca-1+ cells, and Sca-1+ cells in the total cell population of the suprarenal aorta (*P 
<0.05 compared with control group) (B) and the percentage of BM-derived Sca-1+ cells in 

the total Sca-1+ cell population of the suprarenal aorta in challenged and control mice (n = 4 

per group) (C). Immunofluorescence staining showing both BM-derived (GFP+) and 

resident (GFP−) Sca-1+ cells expressing CD68, FSP-1, or NG2 in the aortic adventitia of 

challenged mice (scale bar = 5 μm) (D). Both BM-derived (GFP+) and resident (GFP−) 

Sca-1+ cells expressing VEGF, IGF-1, and PDGF-B in the aortic adventitia of challenged 

mice (scale bar = 5 μm) (E). HFD, high-fat diet.
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