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Abstract

OBJECTIVE—Abdominal aortic aneurysms (AAA) are age-associated, life-threatening

inflammatory dilations of the abdominal aorta. Human population studies have shown an

association between obesity and AAA formation, but the molecular mechanisms underlying this

connection remain largely unexplored. Adiponectin is an anti-inflammatory adipokine that that is

downregulated in obesity. In this study we evaluated the role of adiponectin in a model of AAA

using apolipoprotein E/adiponectin double-knockout (Apoe−/− Apn−/−) mice.

APPROACH AND RESULTS—Angiotensin II (Ang II)-infusion in male Apoe−/− Apn−/− mice

led to a higher incidence of AAA and a significant increase of maximal aortic diameter compared

with that of Apoe−/− mice (2.12 ± 0.07 mm vs. 1.67 ± 0.09 mm, respectively at 28 days).

Adiponectin-deficiency augmented the early infiltration of macrophages and increased the

expression of pro-inflammatory factors in the dilated aortic wall. MMP-2 and MMP-9 activation

was also augmented in the aorta of Apoe−/− Apn−/− mice compared to Apoe−/− mice. These data

suggest that the downregulation of adiponectin could directly contribute to the elevated incidence

of AAA observed in obese individuals.

CONCLUSIONS—Adiponectin attenuates Ang II-induced vascular inflammation and AAA

formation in mice.
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Introduction

Abdominal aortic aneurysm (AAA) is a life-threatening, age-associated vascular pathology

that represents one of the leading causes of death in developed countries where a growing

percentage of the population is over 65 years of age1. AAAs are localized dilations of the

abdominal aorta exceeding the normal aortic diameter by more than 50%, which frequently

lead to aortic rupture with a mortality rate as high as 90%. It is widely accepted that the

primary events in AAA development involve inflammation and proteolytic degradation of

extracellular matrix in the vessel wall. However, more precise knowledge of the molecular

mechanisms underlying AAA is required because this disease is underdiagnosed, and the

only available therapies are open surgery or endovascular aortic repair, that are costly and

associated with high mortality rates1, 2.

Classical risk factors for AAA formation include smoking, male sex, age (>60 years),

hypertension and family history1. Although not considered a traditional risk factor for AAA,

an increasing number of human population studies have found an independent association of

obesity or visceral adiposity with AAA presence or increasing abdominal aortic diameter3–8.

In addition, studies in mouse models have shown that obesity promotes AAA formation9.

Despite this compelling body of evidence, the molecular mechanisms that link obesity to

AAA development remain largely unknown.

It is widely accepted that the unbalanced production of adipokines by dysfunctional adipose

tissue in obese individuals greatly contributes to the increased cardiovascular risk associated

with obesity10. However, the direct role of adipokines in AAA pathobiology remains

relatively unexplored. Adiponectin is an adipokine, produced almost exclusively by the

adipose tissue, that exerts anti-inflammatory effects on vascular and immune cells10 and is

downregulated in obese individuals11, 12. Here we show that adiponectin protects against

AAA formation and growth in a validated model of experimental AAA13.

Methods

Animal and Animal Protocol

We used a widely-accepted model of experimental AAA formation based on the infusion of

Ang II to hyperlipidemic mice13. Adiponectin-deficient (Apn−/−) mice were crossed with

Apoe−/− mice in the C57BL/6J background (The Jackson Laboratory) to generate apoE and

adiponectin double knockout (Apoe−/− Apn−/−) mice. Water and regular mouse diet were

available ad libitum. Alzet mini-osmotic pumps (Model 2004, Durect Corp.) were used to

deliver 1000ng/kg/min of Ang II (Sigma-Aldrich) to 10-week-old mice for a period of 28

days. Pumps were implanted subcutaneously in the murine mild-scapular region through a

small incision in the back of the neck that was closed with clips. Aged-matched mice were

used as non-AAA controls (baseline). Both aneurysmal and non-aneurysmal animals were

analyzed together. All experimental procedures were performed in accordance with the

guidelines of the Institutional Animal Care and Use Committee at Boston University.
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Ultrasonography

Abdominal aorta expansion was measured by high resolution ultrasonography with a small

animal ultrasonography system (Vevo 770, Fujifilm VisualSonics Inc.) at baseline and 7, 14,

21 and 28 days after aneurysm induction by Ang II infusion, as previously described14. In

brief, mice were anesthetized using 2% isoflurane and laid supine on a heated 37°C plate. B-

mode ultrasound (US) imaging was used to assess suprarenal abdominal aortic diameter

using a real-time microvisualization scan head (RMV 704) with a central frequency of 40

MHz (frame rate of 30 Hz). AAA incidence was determined based on an increase in the

diameter of the suprarenal aorta between the diaphragm and the renal arteries of at least 50%

or greater compared with baseline.

Serum Analyses

Blood samples were collected from mice in the fasting (14 hours) state. Serum glucose, total

cholesterol and triglyceride concentrations were measured with enzymatic kits (Wako Pure

Chemical Industries, Ltd.).

Histological Analyses and Immunohistochemistry

Twenty-eight days after Ang II infusion, mice were euthanized and perfused briefly with

PBS, followed by prolonged whole-body perfusion with 4% paraformaldehyde solution.

After dissection from the surrounding tissue, the suprarenal aorta was further fixed in 4%

paraformaldehyde overnight, and then embedded in paraffin. Suprarenal abdominal aortic

tissue was sectioned into 5 µm-thick serial sections. To visualize elastic lamina, histological

sections were stained with the Elastic Stain kit (Sigma-Aldrich) following manufacturer’s

instructions. To evaluate macrophage infiltration, sections were immunostained with a

mouse F4/80 antibody. In brief, sections were subjected to heat-mediated antigen retrieval,

blocked with 5% horse serum for 1.5 hour at room temperature, and then incubated with rat

polyclonal anti-mouse F4/80 antibody (AbD Serotec) overnight at 4 °C. Detection of F4/80+

cells was achieved using the biotin/streptavidin-HRP system (Vector Laboratories).

Histological sections were examined under a light microscope (Biorevo, Keyence). Four

random microscopic fields in each mouse (n=4 in each group) were counted, and

macrophage number was expressed as number of F4/80-positive cells per square millimeter.

RNA and protein extraction from the aortic samples

Suprarenal aortic samples were from abdominal aorta between the diaphragm and the renal

arteries. These samples were cut approximately in half (one piece for RNA and the other for

protein). Wet weights of tissues typically ranged from 1–2 mg at baseline and at day 3, and

4–10 mg at day 28. For RNA isolation, samples were homogenized in 1 ml of TRIzol

Reagent with stainless steel beads using TissueLyser II (Qiagen). 200 microliters of

chloroform was added, and the tubes were shaken for 15 seconds and incubated for 5

minutes at room temperature. The samples were centrifuged at 12,000×g for 15 minutes at

4°C, and the aqueous phase was transferred to a fresh tube. 500 microliters of isopropyl

alcohol was added and incubated for 10 minutes at room temperature. After the samples

were centrifuged at 12,000×g for 15 minutes at 4°C, the small RNA pellet could be

visualized. The supernatant was carefully removed, and the RNA pellets were washed once
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with 1 ml of 75 % ethanol. The samples were centrifuged at 10,000×g for 10 minutes at 4°C.

The supernatant was decanted carefully, and the RNA pellets were dried briefly and

dissolved in 6–10 µl RNase-free water (DEPC water) accordingly to adjust for differences in

the RNA pellet size. The concentration of RNA was measured using NanoDrop 1000

(Thermo Scientific), typically obtaining between 1 and 8 µg RNA. For protein extraction,

samples were homogenized in 50 or 100 µl of RIPA Buffer (Thermo Scientific) according to

aortic sample size (50 µl for baseline samples, 100 µl for day 28 samples) with stainless steel

beads using TissueLyser II (Qiagen). The material was then centrifuged at 15,000×g for 15

minutes at 4°C to pellet the debris and the supernatant was transferred new tubes. Protein

concentration was measured using the BCA Protein Assay Kit (Thermo Scientific). These

preparations typically yielded between 34–83 µg protein from the baseline samples and 117–

466 µg protein from the day 28 samples.

Quantitative Real-Time (RT) PCR

RNA (1 µg) was used for cDNA synthesis with a QuantiTect Reverse Transcription Kit

(Qiagen) according to manufacturer’s instructions. SYBR Green reagent (SYBR Select

Master Mix, Life Technologies) was used to evaluate PCR product amplification using a

ViiA 7 Real-Time PCR System (Applied Biosystems). Specific primers are described in the

Supplemental Table. Results were analyzed with the ViiA 7 software, and transcript levels

were adjusted relative to the average of expression of Gapdh, Actb and Rplp0 as an internal

control.

Gelatin Zymography

Suprarenal abdominal aortic protein extracts (30 µg) were obtained from the same mice used

for qPCR analysis, loaded onto gelatin gels (Zymogram Ready Gels, Bio-Rad) and subjected

to electrophoresis. After renaturation, gels were incubated for 12 hours at 37 °C in

development solution (Bio-Rad) to promote gelatin digestion by MMPs. Gels were stained

with Coomassie Brilliant Blue and total MMP levels were determined according to the

manufacturer’s instructions. MMP activities were quantified using Image J software.

Data and Statistical Analysis

Data were expressed as means ±SEM. All statistical analyses were performed using

GraphPad Prism version 6 (GraphPad Software, Inc.). The statistical significance of

differences was assessed with Mann-Whitney U test, Wilcoxon signed-rank test, two-way

ANOVA and Log-rank test, where appropriate. P-values of <0.05 were considered to be

statistically significant.

Results

Adiponectin protects against Ang II-Induced AAA formation

To evaluate the role of adiponectin in AAA formation and progression, we used an

experimental model where angiotensin II (AngII) is infused to hyperlipidemic apoE-KO

mice for 4 weeks via a subcutaneous osmotic mini-pump to induce the formation of

suprarenal AAA13. We found that AngII infusion for 7 days leads to a significant decrease

in the expression of adiponectin in white adipose tissue in this model (Figure 1A), consistent
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with previous reports in other systems15–17, but levels returned to baseline by 28 days (data

not shown). Next, we evaluated AngII-induced AAA formation in Apoe/Apn (Apoe−/− Apn

−/−) double knockout mice and Apoe−/− controls. Apn inactivation in Apoe−/− Apn−/− mice

was confirmed by Western Blot (Figure 1B). Body weight and epididymal fat weight did not

differ between Apoe−/− Apn−/− and Apoe−/− either at baseline or after 4 weeks of Ang II

infusion. Similarly, adiponectin deficiency had no effect on total serum cholesterol,

triglyceride or fasting glucose levels either at baseline or after 4 weeks of Ang II infusion

(Table 1), demonstrating that adiponectin inactivation does not affect systemic metabolism

in this mouse model. During the time course of the experiment, 33% (6 out of 18) of the

Apoe−/− mice and 44% (8 out of 18) of Apoe−/− Apn−/− mice infused with Ang II died due

to acute aortic rupture although this trend toward greater mortality in adiponectin-deficient

mice was not statistically significant (Supplemental Figure 1). Among the surviving mice,

Ang II infusion led to a 100% (10 out of 10) incidence of AAA in the Apoe−/− Apn−/−

mice, in contrast to a 42% (5 out of 12) incidence of AAA in Apoe−/− mice as determined

by ultrasound imaging (Figure 1C,D). Consistently, there was also a significant increase in

maximal suprarenal aortic diameter in Apoe−/− Apn−/− relative to Apoe−/− mice at 7, 14, 21

and 28 days after Ang II infusion (Figure 1E). After 28 days of Ang II infusion average

suprarenal aortic diameter was 2.12±0.07 mm in Apoe−/− Apn−/− mice compared with

1.67±0.09 mm in Apoe−/− controls.

Morphologically, the aortae of Apoe−/− Apn−/− mice did not differ from those of Apoe−/−

mice at baseline (data was not shown), but AngII infusion led to a larger expansion of the

vascular wall in adiponectin-deficient mice due to the development of a tissue mass

comprised of mural thrombus, extracellular matrix and cellular materials (Figure 1F). As

expected, AngII infusion increased systolic blood pressure, although there was no difference

between Apoe−/− mice and Apoe−/− Apn−/− mice at any time point (Supplemental Figure

2A), demonstrating that the increased AAA size observed in adiponectin-deficient mice is

not due to changes in blood pressure. Similarly, there were no differences in heart rate

between the two strains (Supplemental Figure 2B).

Adiponectin-deficiency increases macrophage content in AngII-induced AAA

Macrophage-mediated inflammation plays an important role in AngII-induced AAA18, 19.

To examine the effects of adiponectin deficiency on macrophage recruitment to AAA, we

performed immunohistochemical studies to detect F4/80+ macrophages in sections of the

suprarenal aorta of Apoe−/− Apn−/− mice and Apoe−/− controls at the 28 day time point. As

shown in Figure 2A,B, macrophage content in AAAs was significantly increased in

adiponectin-deficient mice. Consistently, increased expression of the macrophage-specific

transcripts Emr1 (F4/80) and Cd68 was found in whole suprarenal AAA samples of Apoe−/

− Apn−/− (Figure 2C). These data suggest that adiponectin prevents macrophage infiltration

into the vascular wall in AngII-infused mice.

Adiponectin-deficiency promotes vascular inflammation in AAA

Experimental AAA have been shown to be mediated by various pro-inflammatory

cytokines20–22. Therefore, we evaluated whether adiponectin deficiency affected the

expression of these cytokines in AngII-induced AAAs. Gene expression of the pro-
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inflammatory cytokines Tnf, Il1b, and Il6 and the chemotactic factor Ccl2/Mcp1 were

significantly increased in the suprarenal aorta of Apoe−/− Apn−/− relative to Apoe−/− mice

after Ang II infusion for 28 days (Figure 3A). Perivascular fat inflammation has also been

suggested to contribute to AAA formation in particular in obese mice9. In this regard,

similar to the vascular wall, adiponectin deficiency resulted in higher gene expression of

Tnf, Il6, and Ccl2/Mcp1 in periaortic fat of Ang II-treated mice (Figure 3B). Overall, these

results suggest that adiponectin exerts anti-inflammatory actions in the vascular wall that

may protect against AAA formation and growth.

Separate sets of mice were also analyzed at earlier time points to determine the effects of

adiponectin deficiency on the temporal sequence of events that give rise to aneurysm

formation. At the 3 day time point, there was no difference between the diameters of the

abdominal aortae of the Apoe−/− and Apoe−/− Apn−/− mice (1.22 ± 0.03 mm and 1.21 ±

0.03 mm, respectively; n=8 per group), and there were statistically significant increases in

the macrophage markers Emr1 (F4/80) and Cd68 (Figure 4). In contrast, transcript levels of

Tnf, Il1b, Il6 and Mcp1 were not significantly elevated at this time point (Figure 4) and no

differences in MMP levels could be detected (not shown). However, Tnf, Il6, Mcp1, and

MMP levels were elevated in the vessel wall at the 7 day time point (data not shown). Thus,

these data suggest that adiponectin inhibits medial accumulation of macrophages, one of the

earliest steps in aneurysm formation19.

Adiponectin-deficiency increases proteolytic activity in AAA

MMP2 and MMP9 have been shown to play essential and complementary roles in the

formation of AAA and both are upregulated in human AAA23–25. To test whether

adiponectin deficiency affects MMP-mediated proteolysis in the setting of AAA, the

activities of MMP-2 and MMP-9 were assessed by gelatin zymography in protein extracts

obtained from the suprarenal aorta of mice infused with AngII for 28 days. As shown in

Figure 5, Apoe−/− Apn−/− mice exhibited a significant increase in combined MMP2/9 levels

compared to Apoe−/− controls.

Discussion

AAA is a life-threatening, age-associated vascular pathology that affects between 5 and 9%

of the population over the age of 65 years and is the tenth leading cause of death in western

countries1. AAA development is characterized by the degradation of elastic and collagen

fibers in the vascular wall due to the activity of proteolytic enzymes secreted by resident

vascular cells and recruited inflammatory cells. However, the specific molecular insults that

trigger AAA formation remain largely unknown. In this regard, the increasing body of

evidence suggesting a connection between obesity and AAA development has opened new

avenues of study in this field. Although obesity has not been traditionally considered a risk

factor for AAA, population-based studies examining the etiology of this disorder have

demonstrated that it is significantly associated with increased body weight or visceral

adiposity3–8. However, the molecular mechanisms underlying this connection remain largely

unknown. In the present study we show that adiponectin, an adipocyte-derived hormone
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typically downregulated in obese individuals, attenuates the formation of AAA in an

experimental mouse model.

Adiponectin circulates at high levels (3 to 30 µg/ml) in the blood of lean individuals, but is

markedly downregulated in obese human subjects11, 12. While adiponectin partially protects

against metabolic dysfunction in obese mice26, 27, adiponectin-deficient mice display normal

body and fat mass and normal metabolic parameters when fed a normal chow diet. Because

of this, lean adiponectin-deficient mice have been used extensively to evaluate the effects of

obesity-associated hypoadiponectinemia in the absence of the confounding factors

associated with systemic metabolic dysfunction in obese mice. In this regard, our laboratory

has previously shown using this model that Adiponectin has direct protective effects at

different levels in the cardiovascular system, promoting revascularization of ischemic

limbs28, and protecting against pressure overload- and angiotensin II-induced cardiac

hypertrophy29, cardiac ischemia/reperfusion injury30, and systolic and diastolic heart

failure31, 32. Here, we show that adiponectin attenuates AngII-induced AAA development in

hyperlipidemic ApoE-deficient mice. In this experimental model, adiponectin-deficiency led

to a higher incidence of AAA and an increase in the maximal suprarenal aortic diameter

compared with that of mice that were deficient in ApoE alone. Mechanistically, our results

suggest that increased AAA formation and growth in adiponectin-deficient mice is due, at

least in part, to augmented vascular inflammation. Macrophage recruitment to the vascular

wall is one of the early events leading to AAA formation in AngII-infused mice, and also

contributes to the expansion of the aneurysmal artery in advanced stages of the disease18, 19.

In this regard, we found increased macrophage content in the aneurysmal suprarenal

abdominal aorta of Apoe−/− Apn−/− mice compared to Apoe−/− controls, suggesting that

adiponectin prevents vascular infiltration of macrophages in this model. Supporting this

notion, previous studies have shown that physiological concentrations of adiponectin inhibit

TNF-α-induced monocyte adhesion to cultured endothelial cells33. In addition, we found

that adiponectin-deficiency increased the expression of the proinflammatory cytokines IL-6,

TNFα, IL-1β and CCL2/MCP-1 in AngII-induced AAAs. These data are consistent with

previous studies showing that macrophages isolated from different tissues of adiponectin-

deficient mice exhibit reduced expression of pro-inflammatory factors34, 35.

Here, we employed the AngII-induced model of AAA in mice13. Ang-II type I receptor and

angiotensin-converting enzyme polymorphisms are associated with AAA in humans36, 37.

The AngII model exhibits several similarities with human AAA, including a strong male

gender preference38. However, the location of the thrombus is different from the human

disease, being intramural in mice and intraluminal in human. Another difference is that the

AngII-induced lesion in mice commonly involves the suprarenal abdominal aorta, while in

human the most common site of AAA is the infrarenal aorta.

Once thought to be a consequence of advanced atherosclerosis, AAAs is widely accepted

now to represent a distinct vascular disorder. Interestingly, while our results herein strongly

suggest a significant protective action of adiponectin against AAA development, the role of

adiponectin in atherosclerosis remains controversial. Some studies in animal models have

suggested an atheroprotective role of adiponectin39–41, while others have found no effect of

adiponectin gain or loss of function in atherosclerosis development42. Future studies are
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warranted to conclusively elucidate the macrovascular protective actions of adiponectin, and

to evaluate the potential mechanisms by which adiponectin differentially affects aneurysmal

versus atherosclerotic disorders.

It will be of interest to delineate the receptor-mediated pathways that contribute to

adiponectin’s actions in maintaining vessel wall integrity. Because adiponectin is unusually

abundant in serum and present as a high molecular weight multimer, its receptor interaction

is likely to be atypical. In this regard, we have reported that adiponectin can interact with

LRP1 (also referred to as CD91), an abundant, multifunctional cell surface receptor44. The

interaction of LRP1/CD91 with adiponectin is similar to its interactions with the

complement factor C1q45, a protein that is structurally similar to adiponectin and capable of

binding adiponectin in blood46, 47. Of interest, LRP1/CD91 has been shown to be required

for vascular integrity in animal models48, 49 and genetic studies in humans have implicated

this gene locus in abdominal aortic aneurysm formation50, 51. Thus, in addition to affecting

macrophage-mediated vascular inflammation as we report here, adiponectin could affect

aneurysm formation through interactions with LRP1/CD91 and the complement cascade

proteins.

In addition to adiponectin, the adipose tissue secretes a plethora of other adipokines.

However, in contrast to adiponectin, most of these adipokines are pro-inflammatory and are

upregulated in the obese state. Two of these pro-inflammatory adipokines, leptin and

resistin, have been previously linked with AAA development. Leptin, which is typically

secreted by adipocytes, has been shown to be produced locally by macrophages and smooth

muscle cells in human AAAs, and the periaortic application of recombinant leptin to Apoe−/

− mice promotes extracellular matrix digestion and aneurismal dilations of the aortic wall43.

On the other hand, serum concentration of resistin, which in humans is expressed by

monocytes/macrophages, has been shown to be independently associated with AAA and

aortic diameter in humans3. However, the potential role of resistin in AAA pathogenesis has

yet to be evaluated in experimental models.

In summary, our study shows that endogenous adiponectin protects against the development

of Ang II-induced AAA in mice and identifies Apn as the first adipokine with a direct

protective action against AAA development. Since adiponectin expression is significantly

decreased in obese individuals11, 12, these results provide a potential mechanistic connection

between obesity and AAA development.

Conclusion

Adiponectin attenuates AngII-induced AAA formation and growth in mice. Since clinical

AAAs arise through multiple, interdependent pathogenic mechanisms, further research is

warranted to clarify the role of adiponectin in human AAA.

Supplementary Material

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

• Adiponectin attenuates Ang II-induced AAA formation and growth in

hyperlipidemic mice.

• Adiponectin decreases AAA inflammation.

• Adiponectin is the first identified adipokine with protective actions against

AAA.
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Figure 1. Adiponectin deficiency exacerbates Ang II-induced AAA formation
A. Adipoq mRNA expression levels as determined by quantitative real time-PCR in white

adipose tissues of Apoe−/− mice after 7 days of Ang II infusion. The value of sham is set as

1. Results are mean±SEM. n=8 in each group. *P<0.05 using Mann-Whitney U test. B,

Native western blot of mouse serum using anti-adiponectin primary antibody. C, Incidence

of Ang II-induced AAA in Apoe−/− mice (n=12) and Apoe−/− Apn−/− mice (n=10) after

Ang II infusion for 4 weeks. *P<0.05 using Wilcoxon signed-rank test. D, Representative B-

mode ultrasonographic images of maximum diameter of aorta at various time points Scale

Yoshida et al. Page 14

Atherosclerosis. Author manuscript; available in PMC 2015 August 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



bars indicate 1mm. E, Maximum suprarenal abdominal aortic diameter quantified by

ultrasonography at baseline, and at 7, 14, 21 and 28 days after Ang II infusion. Results are

mean±SEM. n=12 in Apoe−/− mice and n=10 in Apoe−/− Apn−/− mice. **P<0.01, Apoe−/−

mice vs. Apoe−/− Apn−/− mice using two-way ANOVA with repeated measures. F,

Representative photographs of elastin-stained histologic section showing macroscopic

features of aneurysms induced by Ang II at 28 days. These sections highlight the intramural

involvement, but not differences in lumen size because a stabilizing substance was not

infused prior to harvest to preserve the lumen’s architecture. Scale bars indicate 1mm.
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Figure 2. Adiponectin deficiency increases macrophage content in AAA
A, Micrographs of representative F4/80 immunohistochemical staining (brown) of AAA in

Apoe−/− mice and Apoe−/− Apn−/− mice at day 28 after Ang II infusion. Scale bars indicate

50µm. B, F4/80-positive macrophage content in the AAA vessel wall. Results are mean

±SEM. n=4 in each group. **P<0.01 using Mann–Whitney U test. C, Quantitative real time-

PCR analysis of the macrophage-specific transcripts Emr1 (F4/80) and Cd68 in suprarenal

abdominal aortae at day 28 after Ang II infusion. Transcript levels of Gapdh, Actb and

Rplp0 serves as an internal control. The value of gene expression in Apoe−/− mice at
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baseline is set as 1. Results are mean±SEM. n=8 in each group. *P<0.05, Apoe−/− mice vs.

Apoe−/− Apn−/− mice using two-way ANOVA.
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Figure 3. Adiponectin deficiency increases the expression of pro-inflammatory cytokines in the
aneurysmal vascular wall
Quantitative real time-PCR analysis of the expression of pro-inflammatory cytokines in the

aneurysmal suprarenal aorta (A) and the adjacent periaortic adipose tissue (B) at baseline

and day 28 after Ang II stimulation. Transcript levels of Gapdh, Actb and Rplp0 serves as an

internal control. The value of gene expression in Apoe−/− mice at baseline is set as 1.

Results are mean±SEM. n=8 in each group. *P<0.05, **P<0.01, Apoe−/− mice vs. Apoe−/−

Apn−/− mice using two-way ANOVA.
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Figure 4. Adiponectin deficiency increases the accumulation of macrophages in the aortic wall in
the very early phase
Quantitative real time-PCR analysis of the expression of pro-inflammatory cytokines and

macrophage-specific markers in the suprarenal aorta at baseline and day 3 after Ang II

stimulation. Transcript levels of Gapdh, Actb and Rplp0 serves as an internal control. The

value of gene expression in Apoe−/− mice at baseline is set as 1. Results are mean±SEM.

n=8 in each group. *P<0.05, Apoe−/− mice vs. Apoe−/− Apn−/− mice using two-way

ANOVA.
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Figure 5. Adiponectin deficiency increases MMP level in AAA
A, Representative gelatin zymography of aortic protein at baseline and day 28 after Ang II

infusion. B, Quantification of total MMP level in aorta. The value of Apoe−/− mice at

baseline is set as 1. Results are mean±SEM. n=4 in each group. *P<0.05, Apoe−/− mice vs.

Apoe−/− Apn−/− mice using two-way ANOVA.

Yoshida et al. Page 20

Atherosclerosis. Author manuscript; available in PMC 2015 August 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Yoshida et al. Page 21

Table 1

Characteristics of Apoe−/− and Apoe−/− Apn−/− mice.

Apoe−/− Apoe−/− Apn−/− Apoe−/− Apoe−/− Apn−/−

Baseline Ang II Day 28

Body weight (g) 30.2 ± 0.5 30.1 ± 0.7 29.8 ± 0.4 29.7 ± 0.5

Epididymal fat weight (mg) 217.1 ± 6.8 212.9 ± 9.2 165.8 ± 8.0** 177.0 ±12.3*

Fasting Glucose (mg/dL) 116.5 ± 6.5 115.7 ± 5.4 133.2 ± 5.4 134.2 ± 9.0

Total Cholesterol (mg/dL) 462.5 ± 33.6 440.2 ± 49.2 511.1 ± 23.4 557.8 ± 36.1

Triglyceride (mg/dL) 125.7 ± 8.5 126.3 ± 12.3 132.3 ± 9.3 159.7 ± 19.8

Ang II; angiotensin II. Results are mean±SEM.

n=10–18 in body weight, n=7–12 in epididymal fat weight, n=6 in fasting glucose, total cholesterol and triglyceride in each group.

**
P<0.01,

*
P<0.05, baseline vs. day 28 using two-way ANOVA.
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