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Abstract

Background—Testosterone is theorized to play a major role in the pathophysiology of 

abdominal aortic aneurysms (AAAs) as this disease occurs primarily in males. The role of the 

androgen receptor (AR) in the formation of AAAs has not been well elucidated and therefore it is 

hypothesized that androgen blockade will attenuate experimental aortic aneurysm formation.

Methods—Aortas of 8- to 12-week-old male C57Bl/6 wild type (WT) mice or male androgen 

receptor knockout (AR−/−) mice were perfused with purified porcine pancreatic elastase (0.35 

units/ml) to induce AAA formation. Two groups of WT male mice were treated with flutamide or 

ketoconazole (both androgen receptor blockers, 50mg/kg and 150mg/kg, respectively) twice daily 

via intraperitoneal injection. Aortas were harvested on day 14 after video micrometry was used to 

measure AAA diameter. Cytokine arrays and histologic analysis were performed on aortic tissue. 

Groups were compared using an ANOVA and a Tukey’s post hoc test.

Results—Flutamide and ketoconazole treatment attenuated AAA formation in WT mice 

(84.2±22.8%, p=0.009, and 91.5±18.2%, p=0.037) compared with WT elastase. 121±5.23% (mean

±SEM). In addition, AR−/− mice showed attenuation of AAA growth (64.4±22.7% P< 0.0001) 

compared to WT elastase. Cytokine arrays of aortic tissue revealed decreased levels of pro-

inflammatory cytokines interleukin (IL)-α, IL-6, and IL-17 in both flutamide-treated and AR−/− 

groups when compared to controls.

Conclusions—Pharmacologic and genetic AR blockade cause attenuation of AAA formation. 

Therapies for AR blockade utilized in prostate cancer may provide medical treatment to halt 

progression of AAAs in humans.
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Introduction

The incidence of abdominal aortic aneurysms (AAAs) is roughly 1.2 – 1.4% and is most 

prevalent among elderly, male smokers1–4. Aortic aneurysms are a significant clinical 

problem as this disorder was primarily responsible for nearly 10,500 deaths in 20095. The 

pathophysiology of aneurysm degeneration of the aorta involves increased elastin 

degradation, increased cytokine production, smooth muscle cell apoptosis, and dysregulation 

of matrix metalloproteinases (MMPs), though the specific pathophysiology is unclear. 

Androgens, specifically testosterone, have been thought to play a role in aortic aneurysm 

formation6, 7; however, the role of the androgen receptor in AA development has not been 

well elucidated.

The androgen pathway has been a therapeutic target for male-specific diseases, such as 

prostate cancer. Flutamide is an androgen receptor antagonist that historically has been 

shown to be effective at androgen depletion when combined with gonadotropin releasing 

hormone agonists, such as leuprolide8–10. Additionally, ketoconazole has been shown to be 

an effective therapy for prostate cancer given its inhibition of the conversion of cholesterol 

to pregnenolone, which is a critical step during androgen synthesis11–13.

Androgen receptor blockade has certainly proven beneficial in an androgen-dependent 

disease states, such as prostate cancer. Given the male preponderance for AAA it is 

hypothesized that there is a fundamental difference in androgen receptor expression between 

male and female AAA tissues and pharmacologic blockade and genetic deletion of the 

androgen receptor will influence the formation of experimental AAA in a murine model.

Materials and Methods

Mice

Wild type (WT) C57Bl/6 mice and Androgen Receptor knockout mice (AR−/−) (strain 

B6.Cg-Aw-J EdaTa-6J +/+ ArTfm/J, stock number 001809) were ordered from Jackson 

Laboratories (Bar Harbor, ME) and maintained in house. All mice were fed minimal 

phytoestrogen diet (2016 Teklad Diet, Harlan Laboratories, Indianapolis, IN) in order to 

decrease any anti-inflammatory effects of excess dietary estrogen14. Animal experimental 

protocols were approved by the University of Virginia Institutional Animal Care and Use 

Committee (IACUC protocol #3648).

Aneurysm Model

All mice underwent elastase perfusion as previously described15–18. Eight to 12-week-old 

male C57Bl/6 WT mice underwent induction of anesthesia with inhaled isoflurane and 

maintenance of anesthesia was maintained by inhaled isoflurane. The infrarenal aorta was 

isolated via midline laparotomy and perfused with 0.35 units/ml of porcine pancreatic 

elastase (Sigma-Aldrich, St. Louis, MO) for 5 minutes. Lower extremity perfusion was 

resumed after aortotomy repair and evacuation of residual elastase. Postoperative analgesia 

was provided with buprenorphine. After 14 days, the mice underwent reoperation where 

video micrometry was used to estimate the size of maximal aortic dilation relative to an 

unperfused suprarenal aortic control segment. Subsequently, blood was drawn from the 
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inferior vena cava and left renal vein junction and aortas were harvested from the level of the 

renal vein to the iliac bifurcation at euthanasia. Negative controls were created by heating 

elastase at 99°C for 30 minutes creating heat-inactivated elastase (HIE) and using it in place 

of active elastase or saline for perfusion. Elastase perfusion allows for chemical proteolysis 

of the aortic media, as well as mechanical disruption of the media, while perfusion with HIE 

or saline allows for mechanical dilation only. All harvested aortas were either: 1) snap frozen 

in liquid nitrogen for real-time polymerase chain reaction (PCR) analysis or protein 

extraction or 2) incubated overnight in 4% paraformaldehyde solution for 

immunohistochemistry or histology. Blood was centrifuged and the serum was frozen at 

−80°C. Animal care and use were in accordance with the Guide for the Care and Use of 
Laboratory Animals. The animal protocol was approved by the University of Virginia 

Institutional Animal Care and Use Committee (#3634) in compliance with the Office of 

Laboratory Animal Welfare.

Human Aortic Tissues

Abdominal aortic aneurysm tissue was procured from patients undergoing elective open 

abdominal aortic aneurysm repair at the time of surgery. Control abdominal aortic tissue was 

taken from transplant donors. Patients who donated aortic samples did not have a known 

collagen vascular disorder or dissection. Aortic samples were explanted and were 

immediately flash frozen in liquid nitrogen. Patients gave written consent for collection of 

aortic aneurysm tissue in compliance with the University of Virginia Human Subjects 

Review Committee (IRB# 13178).

Quantification of Androgen Receptors in Aortic Tissues

Normal human infrarenal abdominal aortic tissue and AAA tissue underwent analysis for 

mRNA expression of the androgen receptor (n=10 male and 10 female patients). Eight to 12-

week-old C57Bl/6 WT mice were perfused with elastase or saline (n=6 per group). Tissues 

were harvested on days 0, 3, 7 and 14, and underwent analysis for levels of mRNA specific 

for androgen receptor and for 18s.

Pharmacologic Blockade of Androgen Receptors

Eight to 12-week-old C57B/Bl6 mice underwent aortic perfusion with elastase (n=7) or 

saline (n=9). Two experimental treatment arms of perfused mice then underwent 

subcutaneous implantation with osmotic pumps (Alzet, Cupertino, CA, USA) containing 

flutamide (50mg/kg) or ketoconazole tablets (150mg/kg) [Figure 1A] at the time of the 

aortic elastase perfusion in order to give steady states of drug delivery. Additional mice were 

perfused with HIE for negative controls (n=9). In order to examine an alternate route of drug 

delivery, two additional groups of mice were given 50 mg/kg of flutamide (n=7) and 150 

mg/kg ketoconazole (n=8) via intraperitoneal injection twice daily for 14 days after elastase 

perfusion [Supplemental Figure I]. It is important to note the variance of the mechanism of 

action of each pharmacologic agent: flutamide is an androgen receptor blocker, while 

ketoconazole inhibits the conversion of cholesterol to pregnenolone, an upstream step 

important in the formation of testosterone.
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Genetic Deletion of Androgen Receptors

Eight to 12-week-old C57B/l6 mice underwent aortic perfusion with elastase (n=7) or HIE 

(n=9). An additional arm of 8 to 12-week old androgen receptor knockout mice (AR−/−) 

underwent aortic perfusion with elastase (n=8) [Figure 1B].

Cytokine Array

For the purpose of determining the effects of pharmacologic blockade and genetic deletion 

of androgen receptors and to determine its effect on the pro-inflammatory cytokine mileu of 

the aortic wall, mouse cytokine arrays (R&D Systems, Minneapolis, MN, USA) were 

performed using isolated protein from mouse aortas harvested at day 14 after elastase 

perfusion. Protein samples from each group were pooled for analysis, and all samples were 

run in duplicate15–18.

Histology

Infrarenal aortas were harvested at euthanasia and irrigated with normal saline. Fixation was 

achieved with overnight incubation in 4% paraformaldehyde followed by paraffin 

embedding and sectioning at 5µm. Microwave antigen retrieval was performed and 

antibodies were bound and detected using Vecta Stain Elite Kit (Vector Laboratories, 

Burlingame, CA, USA). Verhoeff-Van Gieson stain was used to evaluate aortic elastin 

content. Antibodies used for immunohistochemistry included: 1) anti-rat Mac2 for 

macrophages (1:10000; Cedarlane Laboratories, Burlington, Canada), 2) anti-mouse SMαA 

for SM α-actin (1:1000; Santa Cruz Biotechnology Inc, Santa Cruz, CA), and 3) anti-goat 

CD3 for CD3+ T-cells (1:500; Santa Cruz Biotechnology Inc, Santa Cruz, CA). Control 

strategies were employed utilizing controls without the primary antibody and controls with 

the appropriate IgG control. Visualization color development was completed using 

diaminobenzidine (Dako Corporation, Carpinteria, CA) for SMαA, Mac2, and CD3ε. 

Images were obtained using a Nikon eclipse Ti imaging system, and staining densities of 

photomicrographs were quantified with the NIS-Elements Version 4.2 imaging software.

(Melville, NY, USA)

Additional murine aortic cross sections were evaluated with confocal fluorescence 

immunohistochemistry with staining for nuclei (DAPI), macrophages (Mac2 antibody, 

1:1000) smooth muscle cells (Smooth muscle alpha actin, 1:1000), and androgen receptors 

(androgen receptor antibody, 1:500) to verify the localization of this receptor within the 

aortic wall. Cells were visualized using an LSM 710 scanning confocal microscope and 

results are representations of n=5 mice.

Statistical Methods

Statistical analysis was performed using GraphPad Prism Version 6.0e software (Graphpad 

Software, La Jolla, CA). Maximal aortic dilation (%) was calculated as [(maximal aortic 

diameter)/(internal control diameter) – 1] × 100. The internal control was an unperfused 

segment of infrarenal aorta cranial to the proximal ligation site. This section was not 

perfused with elastase; however, it was susceptible to hemodynamic changes from volume 

shifts during the operative and postoperative phases, as well as expected animal growth over 

time. Values are reported as mean ± SE of the mean (SEM), and percent change is 
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referencing a percent change from aortic measurements of the unperfused control segment of 

native aorta. Aortic dilation between groups was compared using Analysis of Variance 

(ANOVA), and post hoc analysis was performed using Tukey correction to determine 

significance of individual comparisons with α=0.05.

Results

Increased levels of Androgen Receptor mRNA in Murine Aneurysm Tissue

Androgen receptors have been shown to be present in a multitude of tissues around the 

body19–22, though the quantification of ARs in aortic aneurysm tissue has not been 

performed previously. Wild-type murine AAA tissues revealed significantly increased levels 

of mRNA coding for ARs over time when comparing murine aortas perfused with elastase 

versus saline [Figure 2A]. Immunohistochemistry staining for ARs revealed increasing 

expression of ARs over time [Figure 2B]. Further imaging with confocal microscopy reveals 

the majority of AR expression is predominately associated with vascular smooth muscle 

cells [Figure 2C].

Pharmacologic Blockade of Androgen Receptors and Androgen Synthesis Attenuates 
Experimental Aortic Aneurysm Formation

Wild type mice were treated with flutamide and ketoconazole by steady state subcutaneous 

dosing and daily intraperitoneal administration. Aortic dilation of WT mice was significantly 

increased after exposure of elastase (n=7) when compared to perfusion with HIE (control, 

n=9) (114%±4.34 vs. 58.3%±5.26, p<0.0001). Mice treated with flutamide revealed 

significant attenuation when compared with elastase (80.3%±7.2 vs. 114%±4.3, p=0.012), as 

did mice treated with ketoconazole (65.87%±6.93 vs. 114%±4.34, p=0.0002) [Figure 3A]. 

Mice treated with intraperitoneal injections of flutamide revealed attenuation of aneurysm 

formation when compared to elastase (84.24%±8.61 vs. 121%±5.23, p=0.0034), and 

intraperitoneal ketoconazole injection revealed significant attenuation (65.87%±6.93 vs. 

114%±4.34, p=0.018) [Supplemental Figure IB]. No statistical difference existed between 

mean aortic dilations of flutamide and ketoconazole in either group. Representative, 

immunohistochemistry reveals decreased macrophage infiltration in both groups treated with 

flutamide and ketoconazole when compared to the elastase group (p<0.001) [Figure 3B; 

quantification noted in Supplemental Figure III].

Genetic Deletion of Androgen Receptors Attenuates Experimental Aortic Aneurysm 
Formation

Androgen receptor knockout mice (AR−/−) (n=8) exhibited significantly less aortic dilation 

when compared with elastase WT mice perfused (n=7) (64.39%±8.01 vs. 121%±5.23, 

p<0.0001). There was no difference in dilation between WT mice perfused with HIE (n=9) 

vs. AR−/− mice (58.25%±5.26 vs. 64.39%±8.01, p=0.76) [Figure 4A]. Representative 

immunohistochemistry reveals decreased macrophage infiltration [Figure 4B; quantification 

noted in Supplemental Figure III].
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Pro-Inflammatory Cytokines are Decreased After Pharmacologic Blockade and Genetic 
Deletion of Androgen Receptors

Murine aortic tissues that underwent pharmacologic androgen receptor blockade with 

flutamide exhibited a significant decrease in pro-inflammatory cytokines interferon (IFN)-γ 

(p<0.0001), interleukin (IL)-1α (p=0.0001), IL-6 (p=0.0001), and IL-17 (p=0.0011) when 

compared with with the elastase group. Decreased levels of IFN-γ (p<0.0001), IL-1α 

(p=0.0003), IL-6 (p=0.0003), and IL-17 (p=0.0013) were also noted in aortic tissue from 

androgen receptor −/− mice when compared to elastase controls [Figure 5A]. Each of these 

pro-inflammatory mediators has been shown to play a role in aneurysm disease of the aorta 

via vascular inflammation23, 24. Representative histologic analysis revealed a trend toward 

decreased expression of IFN-γ and IL-6 in aneurysm tissues of mice treated with flutamide 

and from AR−/− mice when compared to elastase controls [Figures 5B and 5C; formal 

quantification noted in Supplemental Figure III].

Human Aortic Aneurysms Express Elevated Levels of Androgen Receptors

Human aortic tissue samples were obtained from patients undergoing elective open AAA 

repair from both genders (n= 7 male and female patients). Significantly increased levels of 

mRNA for AR were noted in male human AAA tissue compared to female (p=<0.05) 

[Figure 6A]. Separately, protein was isolated from male and female AAA samples and 

control aortic tissue. Protein expression of AR in human aortic tissues reveal elevated levels 

of AR in both male and female aneurysm tissues when compared to control aortic tissues 

(p=<0.005). [Figure 6B], but with no differences between male and female AAAs. 

Additionally, there is increased expression of AR in the media and adventitia of human 

AAA tissues compared to normal aortic tissue [Supplemental Figure II].

Discussion

The present study documents the significant role of ARs in AAA development, and most 

importantly reveals the efficacy of anti-androgen therapies commonly utilized in the 

treatment of prostate cancer. This is the first report of up-regulation of AR expression in 

aneurysm tissues in both an experimental murine AAA model and human aortic aneurysm 

tissue. We also demonstrate that pharmacologic blockade and genetic deletion of the 

androgen receptor significantly attenuated AAA development in a murine animal model, and 

subsequently that blockade of ARs inhibits the expression of pro-inflammatory cytokines 

within aortic aneurysm tissue.

A number of studies have implicated testosterone and other circulating androgens play a role 

in the inflammation and pathogenesis of AAA6, 25. In previous studies, exogenous 

administration of dihydrotestosterone (DHT) was associated with an increased formation of 

AAA in apolipoprotein E (apoE) knockout mice infused with angiotensin26. Furthermore, 

Ailawadi and colleagues previously demonstrated gender differences in experimental AAA 

formation in rats and illustrated a higher incidence and larger diameter aortic aneurysm 

formation associated with increased aortic inflammation in male rats27. Despite multiple 

reports implicating androgens as an important factor in cardiovascular disease, the precise 
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role of androgens, and more specifically the androgen receptor, in AAA has not been well 

defined.

Androgen receptors have been shown to be present in all human vascular tissues, and 

multiple studies have revealed increased expression of ARs in multiple male tissues and 

cells when compared to females19–22. With regards to the mechanism of ARs in vascular 

tissues, androgens have been shown to stimulate endothelial cell proliferation by increasing 

the expression of ARs, vascular endothelial growth factor (VEGF), cyclin A, and cyclin D1. 

Exposing cells to DHT exhibits a dose-dependent increase expression of these ARs, VEGF, 

cyclin A, and cyclin D1. Interestingly, the introduction of an AR blocking agent, 

bicalutamide, inhibited further cell proliferation28. Further ex vivo studies have linked 

testosterone to the production of nitric oxide (NO) in aortic smooth muscle cells and 

endothelial cells in rats29. Similarly, blockade of the androgen receptor with flutamide 

significantly attenuated the production of NO, as well as proliferation of vascular smooth 

muscle cells29. These studies strengthen the association of androgen receptors in 

cardiovascular pathology and importance of targeting ARs for further therapy for AAAs.

Androgen deprivation therapy has proven to be an effective treatment strategy for prostate 

cancer. Flutamide and ketoconazole are two of the pharmacologic agents commonly utilized 

to achieve androgen deprivation. Flutamide is an androgen receptor antagonist and directly 

interferes with interactions of circulating androgens and their target tissues. Ketoconazole is 

more commonly known for its antifungal properties, but it is an inhibitor of CYP-17, a 

catalyst for both 17α-hydroxylase and C17,20-lyase30. Both of these enzymes are critical for 

androgen synthesis as 17α-hydroxylase converts pregnenolone into 17OH-pregnenolone, 

while C17,20-lyase works directly downstream by converting 17OH-pregnenolone into 

dihydroepiandrostenedione (DHEA), a precursor to testosterone synthesis30, 31. These 

agents are commonly utilized in prostate cancer, but have not been reported in applications 

for treatment of AAAs. Despite these androgen biochemical pathway implications for AR 

blockade and enzymatic inhibition, there is potential for each of these agents to have a 

number of alternative mechanisms of action.

Interestingly, pure pharmacologic blockade and genetic deletion of the androgen receptor 

seem to decrease the overall inflammatory state of aneurysm aortic tissue. Both methods of 

androgen receptor alteration reveal decreased levels of pro-inflammatory cytokines IFN-γ, 

IL-1α, IL-6, and IL-17. Interferon- γ, IL-1α, and IL-6 have been shown to be elevated in 

human aortic tissue samples23, while previous work by our laboratory has identified IL-17 as 

an important regulator for development of experimental AAA32. Aortic tissues from mice 

treated with flutamide and ketoconazole revealed decreased levels of IFN- γ and IL-17. 

Xiong and colleagues have identified the association of T-cells and IFN- γ with formation of 

experimental AAA33, and inhibition of T-cells and IFN- γ after administration of these 

antiandrogen agents suggest an interplay between androgens and T-cells and IFN- γ, Sharma 

and colleagues also suggest T-cells play a critical role in AAA formation through production 

of IL-1732 However, our results were not congruent with prior experiments as there was no 

significant inhibition of T-cell activity on quantitative measure of AAA 

immunohistochemistry. Interestingly, pure pharmacologic blockade and genetic deletion of 

the androgen receptor had a significant effect on macrophage presence in aneurysm tissue, 
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which suggests a potential interplay between the androgen receptor and macrophage 

signaling with smooth muscle cells. Recent data by Owens et al suggests that there is 

phenotype switching between macrophages and SMCS and androgens may impact this 

process34.Ketoconazole has been shown to decrease local and systemic inflammation35, 36; 

however, flutamide has not been reported to possess anti-inflammatory properties. Our 

results demonstrate the effectiveness of both flutamide and ketoconazole with respect to 

inflammation associated with AAA formation.

This study is not without limitations. Our model utilizes mice aged 8–12 weeks, which are 

relatively young with respect to the elderly male human population that is affected by AA. 

Rates of experimental aneurysm formation with aortic elastase perfusion in mice at different 

age points are not available in the literature at this point in time. However, our laboratory has 

performed studies evaluating the role of aging on aortic aneurysm formation, and we have 

found there exists no difference in the cytokine expression or dilation data between mice at 

8–10 weeks of age and older mice at 6 months or 1 year (Lu and Upchurch, unpublished 

observation). Furthermore, our model induces an acute inflammatory process to mimic a 

long-term inflammatory process in the human aorta. Drug delivery was also altered with 

regards to how human patients take the drug. While drug delivery was performed by two 

vehicles, namely IP and subcutaneous pump, we recognize these drugs will most likely be 

delivered by oral administration. However, our results suggest depot dosing is an effective 

method of drug delivery. Finally, there are issues related to feminization associated with 

many of these androgen receptor blocking drugs that may make chronic and sustained 

treatment in patients with AAA not practical.

In summary, the present study is the first to explore the role of ARs in experimental AA 

formation and identify a potential target for future medical therapy for AAs. We have 

demonstrated that pharmacologic blockade and genetic deletion of the androgen receptor 

attenuates experimental AAA formation and decreases the inflammatory milieu of aortic 

aneurysm tissue. Aside from risk factor modification and overall risk reduction for 

cardiovascular disease, there is no medical therapy available for AAA, and operative repair 

is the definitive cure. Therapies for AR blockade utilized in prostate cancer may provide 

insight into medical treatment to halt progression of AAAs in humans.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Clinical Relevance

Abdominal aortic aneurysms (AAAs) carry a significant mortality and morbidity. 

Currently, a medical cure is not available for AAAs. This work presents a potential target 

for medical treatment of AAAs: the androgen receptor (AR). Pharmacologic agents 

approved for prostate cancer reveal attenuation of experimental aneurysm formation and 

decreased proinflammatory cytokine profile in aortic tissues. Furthermore, genetic 

deletion of AR reveals similar results. Therefore, AR appears to play a critical role in 

aneurysm formation, and pharmacologic agents currently utilized for prostate cancer 

treatment may play a role in inhibition of aneurysm progression and may prolong time to 

definitive repair.
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Figure 1. 
Scheme of experimental arms. A) Subcutaneous delivery of drugs for WT mice including 

aortic perfusion of elastase alone (n=7), perfusion with heat inactivated elastase alone (n=9), 

subcutaneous osmotic pump placement of flutamide (50 mg/kg) (n=9), and subcutaneous 

placement of ketoconazole tablet (150mg/kg over 14 days) (n=9). B) Genetic deletion of 

androgen receptors including aortic perfusion of elastase alone (n=7), perfusion with heat 

inactivated elastase alone (n=9), and elastase perfusion of aortas from androgen receptor 

knockout mice (ARK−/−) (n=8).
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Figure 2. 
Upregulation of Murine Androgen Receptors in Aortic Aneurysm Tissue. A) mRNA 

expression of androgen receptors of murine aortas perfused with elastase vs. saline over a 14 

day timecourse (n=5 mice per group, *p<0.05). B) Immunohistochemistry staining for ARs 

in murine AAA tissue revealing increasing expression of ARs over a 14 day timecourse 

(arrows). C) Confocal microscopy reveals AR staining (purple) concomitantly staining with 

smooth muscle α-actin (red) as indicated by arrows. (Macrophage (Mac=green), Nuclei 

(DAPI=blue).
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Figure 3. 
Pharmacologic androgen receptor blockade and androgen synthesis disruption significantly 

attenuate experimental aneurysm formation. A) Aortic diameter measured with video 

micrometry of mice treated with flutamide and ketoconazole revealing significant 

attenuation of aneurysm development when compared to elastase (p=0.013, p=0.0002, 

respectively). B) Representative immunohistochemistry of aortas treated with elastase alone, 

HIE, elastase with flutamide and ketoconazole.
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Figure 4. 
Genetic androgen receptor deletion significantly attenuates experimental aneurysm 

formation. A) Aortic diameter measured with video micrometry of androgen receptor 

knockout mice (ARKO−/−) reveals significant attenuation of aneurysm development when 

compared to elastase (p<0.0001). B) Representative immunohistochemistry of aortas from 

ARKO−/− mice.
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Figure 5. 
Pharmacologic androgen receptor blockade and genetic androgen receptor deletion decrease 

pro-inflammatory cytokines. A) Aortic aneurysm tissues from mice treated with flutamide 

and androgen receptor knockout mice (AR−/−) reveal significantly decreased expression of 

proinflammatory cytokines IFN-γ, IL-1α, IL-6, and IL-17. B) Representative 

immunohistochemistry revealing a trend toward decreased expression of IFN- in aneurysm 

tissues of mice treated with flutamide and aneurysm tissues AR−/− mice when compared to 

elastase controls. C) Representative immunohistochemistry revealing a trend toward 
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decreased expression of IL-6 in aneurysm tissues of mice treated with flutamide and 

aneurysm tissues AR−/− mice when compared to elastase controls.
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Figure 6. 
Upregulation of Androgen Receptors in Human Aortic Aneurysm Tissue. A) Androgen 

receptor levels are increased in AAA tissue from male compared to female patients (n=10 

per group; *p<0.05 vs. female AAA). B) ELISA of human aortic tissue reveal increased 

levels of androgen receptors in aneurysm tissues when compared to control aortic tissues in 

both males and females (p<0.005, n=10 samples per group).
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