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Abstract

Objective—The impact of leukotriene production by the 5-Lipoxygenase (5-LO) pathway in the 

pathophysiology of Abdominal Aortic Aneurysms (AAA) has been debated. Moreover, a clear 

mechanism through which 5-LO influences AAA remains unclear.

Approach and Results—Aneurysm formation was attenuated in 5-LO−/− mice, and in lethally 

irradiated WT mice reconstituted with 5-LO−/− bone marrow in an elastase perfusion model. 

Pharmacologic inhibition of 5-LO attenuated aneurysm formation in both aortic elastase perfused 

WT and angiotensin II treated LDLr−/− mice, with resultant preservation of elastin and fewer 5-

LO and MMP9 producing cells. Separately, analysis of WT mice 7 days after elastase perfusion 

showed that 5-LO inhibition was associated with reduced polymorphonuclear leukocyte 

infiltration to the aortic wall. Importantly, 5-LO inhibition initiated 3 days after elastase perfusion 

in WT mice arrested progression of small AAA. Human AAA and control aorta corroborated these 

elastin and 5-LO expression patterns.
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Conclusions—Inhibition of 5-LO by pharmacologic or genetic approaches attenuates aneurysm 

formation and prevents fragmentation of the medial layer in two unique AAA models. 

Administration of 5-LO inhibitor in small AAA slows progression of AAA. Targeted interruption 

of the 5-LO pathway is a potential treatment strategy in AAA.
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INTRODUCTION

Abdominal aortic aneurysms (AAA) remain an important cause of cardiovascular mortality, 

and is the 15th leading cause of death from any cause in men over age 55 1, 2. AAA is a 

multi-factorial disease associated with aging, smoking and hypertension, where chronic 

inflammation in the aortic wall, and protease-mediated degradation of structural matrix 

proteins contribute to aortic dilatation and rupture 3, 4. Surgery is the only established 

treatment as there are currently no medical therapies to delay the onset or prevent AAA. 

Pharmacological approaches that slow aneurysm growth by 50% could delay surgery by 

more than 5 years and will also reduce risk of potentially fatal rupture 5. Thus, 

understanding the pathogenesis of AAA is critical to developing novel therapies.

Leukotrienes (LT) mediate inflammatory responses in various cardiovascular diseases 6–9 

such as atherosclerosis and aortic valve disease 10. 5-Lipoxygenase (5-LO) is the key 

enzyme in LT biosynthesis 11, catalyzing the initial steps in the conversion of arachidonic 

acid (AA) to the unstable leukotriene precursor, LTA4
12, 13. The efficient utilization of 

endogenous AA by 5-LO requires a helper protein, 5-lipoxygenase activating protein 

(FLAP).

To date, studies investigating the role of 5-LO in AAA have been equivocal. Zhao et al 

initially reported a functional role of the 5-LO pathway in aneurysm formation 14 and found 

that 5-LO/ApoE−/− mice fed a cholate-rich diet had a reduced incidence of aortic 

aneurysms. Consistent with this, BLT1/ApoE−/− mice that lack the high affinity LTB4 

receptor to 5-LO exhibited attenuated aneurysm formation in an Angiotensin II (Ang II) 

infusion model 15. A similar effect was reproduced using a BLT antagonist in the same 

model, and was associated with attenuation in aortic wall infiltration by macrophages 16. 

Expressions of ALOX5 and ALOX5AP, the genes encoding 5-LO and FLAP respectively, 

have been reported to be higher in human AAA compared to control aorta 10. Furthermore, 

LTB4 production by polymorphonuclear leukocytes (PMNL) appears to be elevated in 

patients undergoing aneurysmectomy 10, 17, 18. However in epidemiologic studies, the seven 

known single nucleotide polymorphisms (SNPs) of ALOX5AP were not associated with 

human AAA 19, suggesting the lack of a strong genetic association between the 5-LO 

pathway and AAA. Moreover aneurysm formation and aortic wall inflammation was not 

attenuated in Ang II infused hyperlipidemic 5-LO/ApoE−/− mice or in ApoE−/− mice 

treated with a FLAP inhibitor 20. Collectively, these data suggest an unclear role of this 

pathway in the pathogenesis of aortic aneurysm formation.

Bhamidipati et al. Page 2

Arterioscler Thromb Vasc Biol. Author manuscript; available in PMC 2015 December 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



As a result of the critical role of 5-LO in inflammation, a number of compounds targeting 

the 5-LO pathway have been developed 21. To resolve the debate of the role of 5-LO in 

AAA, we used genetic and pharmacological approaches in two distinct mouse models of 

AAA, and assessed the impact of 5-LO inhibition in AAA initiation as well as in treatment 

of small, developing AAA. We tested the hypothesis that 5-LO is critical to aneurysm 

formation, and that interfering with 5-LO pathway would reduce aneurysm formation. To 

this end, we aimed to comprehensively investigate the involvement of the 5-LO pathway in 

experimental AAA progression, and to explore the relevance of the 5-LO pathway to human 

disease.

METHODS

Please see supplemental files.

RESULTS

Genetic loss or pharmacologic inhibition of 5-LO attenuated aneurysm formation in an 
elastase perfusion model

To evaluate whether 5-LO is involved in experimental aneurysm progression, we first 

compared aneurysm formation in WT and 5-LO−/− mice using the aortic elastase perfusion 

model. Genetic deletion of 5-LO resulted in a 71% reduction in aortic dilatation compared to 

WT controls at day 14 (WT: 113±14% [N=9] vs. 5-LO−/−: 42±8% [N=9], P < 0.05) (Figure 

1A). To further assess the role of the 5-LO pathway in AAA subsequent studies were 

performed using an oral and highly selective 5-LO inhibitor (AZD4407, Supplementary 

Table I, Figure 1B). Aneurysm formation was attenuated in the highest dose group (30 

mg/kg/d) indicating that a high level of 5-LO inhibition is required for a phenotypic effect 

(Figure 1C). A dose dependent increase in plasma compound exposure and inhibition of 

LTB4 production in blood was observed when mice were administered oral AZD4407 at 3, 

10 and 30 mg/kg/d (Figures 1D and 1E), and was associated with a dose-dependent 

reduction in ALOX5 gene expression and MMP-9 enzymatic activity in aortic tissue at day 

14 (Figures 1F and 1G). Consistent with findings in Figure 1C, histological examination of 

aortic tissue sections indicated that there was less destruction of the elastic lamellae in mice 

treated with 30 mg/kg/d AZD4407 compared to controls or mice treated with lower doses 

(Figure 1H). Immune cell infiltration was also lower at day 14 in this high dose group 

(Figure 1H and Supplementary Figure IA). Expression of the SMC marker smooth muscle 

α-Actin was dose-dependently preserved with greater 5-LO inhibition, and was associated 

with concomitant reductions in cleaved caspase-3 (Figure 1H). Expression of the LT 

receptors BLT1, and CysLT1, were also dose dependently reduced in response to 5-LO 

inhibition (Figures 1I and IJ). Taken together, these data suggest that 5-LO activity is 

involved in aneurysm formation, and in part influences elastin morphology and MMP9 

protease activity through LT production.
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5-LO inhibition attenuated aneurysm formation in Ang II infused hypercholesterolemic 
LDLr−/− mice

We sought to confirm our results in a second model, and therefore we investigated the effect 

of 5-LO inhibition using LDLr−/− mice infused with Ang II for 28 days (Figure 2A) 22–24. 

LDLr−/− mice infused with Ang II and fed control chow had an aortic diameter of 

1.51±0.16mm, those fed 10 mg/kg/d AZD4407 diet had a diameter of 1.10±0.13mm, while 

mice fed 30 mg/kg/d AZD4407 diet had a diameter of 1.03±0.26mm at day 28 (Figure 2B). 

Administration of 10 and 30 mg/kg/d of AZD4407 in the chow for 28 days inhibited 5-LO 

activity in the circulation in part leading to a 54% reduction in aneurysm formation (Figures 

2C and 2D). The incidence of aneurysms was 100%, 0% and 25% in control, 10 mg/kg/d 

AZD4407, and 30 mg/kg/d AZD4407 groups, respectively (P < 0.05, defined by >50% 

increase in aortic size from baseline 25). Mortality at day 28 was 5.4%, 2.6%, and 6.1% in 

the control, 10 mg/kg/d AZD4407, and 30 mg/kg/d AZD4407 groups. The incidence of 

mortality occurred principally between days 5 and 7 following Ang II infusion as has been 

demonstrated in other studies, and necropsy demonstrated suprarenal AAA rupture. 

Treatment with AZD4407 prevented aortic rupture (Figure 2E) and preserved elastin 

morphology in the media compared with controls (Figure 2F). In addition, 5-LO inhibition 

decreased PMNL in the media and adventitia of the suprarenal aorta compared to control 

aneurysms (Figure 2F). However, there was no difference in Mac2 or 5-LO positive cells at 

day 28 (Figures 2F). Plasma cytokine levels at day 28 were also similar, as were aortic wall 

BLT1 and CysLT1 receptor expression levels (Supplementary Figures IIE and IIF). The 

reduction in aneurysm size was independent of an effect on systemic blood pressure or 

plasma levels of cholesterol, triglycerides and HDL (Supplementary Figures IIA through 

IID). Collectively these data suggest that the 5-LO pathway is critical to experimental AAA 

formation, and that the 5-LO axis is in part regulated via aortic wall PMNLs.

Bone marrow derived 5-LO contributes to aneurysm formation

Based on the predominant expression of 5-LO in leukocytes, we postulated that 5-LO 

activity from bone marrow derived cells plays an important role in aneurysm formation. To 

address this hypothesis, we performed elastase perfusion in chimeric mice following bone 

marrow transplantation from 5-LO−/− or WT donors to both 5-LO−/− and WT recipients 

(Figure 3A). Transplantation of 5-LO−/− bone marrow cells attenuated aneurysm formation 

in both 5-LO−/− and WT recipients, whereas aneurysm formation was unaffected in 

recipients that received bone marrow cells from WT donors (Figure 3B and 3C). Breakdown 

of elastin in the media was significantly attenuated in mice that received 5-LO−/− bone 

marrow cells (Figure 3D)26. Despite similar plasma cytokine levels at day 14 among groups 

(Supplementary Figure IIIA), immunohistochemistry indicated that PMNL infiltration to the 

aorta, and aortic wall BLT1 and CysLT1 receptor expression was suppressed in mice 

receiving 5-LO−/− cells (Figure 3E and Supplementary Figure IIIB). Thus, these data 

suggest that 5-LO activity in myeloid cells plays a predominant role in aneurysm formation 

in experimental AAA.
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5-LO inhibition attenuates PMNL infiltration in the aortic wall early in aneurysm formation

To study the contribution of 5-LO activity early in aneurysm formation, we analyzed aortas 

at days 3 and 7 following elastase perfusion from mice pretreated with 30 mg/kg/d 

AZD4407 (Figure 4A). Mice treated with AZD4407 had a 20% reduction (AZD4407 

treated: 23.16% above baseline versus control: 43.18% above baseline) in aortic size at day 

7 after elastase perfusion (Figure 4B). PMNL infiltration in the aortic media was similar at 

day 3 between controls and treated mice, but day 7 was lower in 5-LO inhibitor treated mice 

(Figure 4E). Mac2 positive cells increased from day 3 to day 7 but did not differ between 

groups (Figure 4E). SMC marker protein smooth muscle α-Actin was significantly higher in 

treated mice on day 7 indicating preservation of SMC phenotype (Figure 4E). Levels of 

cleaved caspase-3 in the media were higher in controls on day 3, suggesting more apoptosis 

in control mice (Figure 4E). 5-LO expression was similar in both controls and treated mice 

at days 3 and 7 and co-localized primarily with PMNLs (Figure 4F) but not with Mac2 

positive cells (data not shown), while expression of BLT1 co-localized with the SMC rich 

medial elastic lamellae (Figure 4G). Expression of CysLT1 also co-localized with the SMC 

medial layer (data not shown). Collectively, these data indicate that 5-LO activity could 

have a prominent effect on PMNL infiltration and SMC phenotype in the early stages of 

aneurysm formation.

5-LO inhibition in small aneurysms reduced progression

To determine if 5-LO inhibition could be used as a treatment strategy to attenuate aneurysm 

growth, we compared the effect of 30 mg/kg/d AZD4407 administered 5 days prior to 

elastase (“prevention”) to mice treated 3 days after elastase (“treatment”) (Figure 5A). 

AZD4407 attenuated aneurysm development in both the prevention and treatment groups by 

day 14 (Figure 5B), and was associated with preservation of the elastin layers in the aortic 

media and attenuation of PMNL infiltration (Figures 5E). Plasma cytokine IL-1β and TNFα 

were lower in mice that received AZD4407 (Supplementary Figure IVA). In addition, 5-LO 

positive cells, and aortic wall BLT1 receptor expression were lower in mice that received 

AZD4407 (Figure 5E and Supplementary Figure IVB). Medial layer preservation was also 

observed among both groups of mice that received AZD4407 (Figure 5E). While 

macrophage infiltration was equivalent at day 14 after elastase perfusion, cleaved caspase-3 

expression was reduced in mice when 5-LO was inhibited (Supplementary Figure IVB). 

These data suggest that 5-LO could be targeted in small AAA and is associated with reduced 

PMNL infiltration and preserved SMCs.

ALOX5 expression is reduced in advance stage human aneurysms

Movat staining from the intima, medial, and adventitial layers of the aortic wall in patients 

with AAA (Figures 6A) exhibited significant elastin loss compared to control aorta. Smooth 

muscle α-actin expression was also markedly lower in patients with AAA (Figures 6B). We 

observed very few PMNLs and Mac2 positive cells in the aortic wall of patients with AAA 

(data not shown). Interestingly, we observed significantly higher ALOX5 expression in 

healthy control aorta compared to late stage AAA (Figure 6C).
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DISCUSSION

Previous studies investigating the significance of 5-LO in aortic aneurysm formation have 

been equivocal. The current study is the first to comprehensively examine the 5-LO pathway 

by using both genetic and pharmacologic approaches to disrupt the 5-LO pathway in two 

complementary murine models. Our studies demonstrate this pathway is critical to 

experimental AAA formation and that disruption of 5-LO is associated with preservation of 

the elastic lamina, enhanced SMC marker smooth muscle α-Actin expression and reductions 

in neutrophil count and MMP9 levels in the aortic media. Bone marrow chimeric studies 

indicate that 5-LO in myeloid cells determine aneurysm progression while confocal studies 

suggest that neutrophils are an important source for 5-LO. Collectively, these data provide 

strong evidence that 5-LO inhibition is a potential treatment strategy for AAA disease.

Previous studies demonstrated that AAA is attenuated in ALOX5 LDLr−/−, and ALOX5 

ApoE−/− fed an atherogenic diet containing cholate, an effect that was associated with a 

reduction in MIP-1α and MIP-2 inflammatory signaling 14. Subsequent observations 

reported that both BLT1 ApoE−/− mice as well as BLT receptor antagonist had attenuated 

AAA formation following Ang II infusion for 28 days 15, 16. In contrast, separate studies 

reported that AAA formation was not affected in ApoE ALOX5−/− mice nor in ApoE−/− 

mice treated with FLAP inhibitor (MK-0591) following AngII infusion20.

Our findings differ from previous investigations potentially due to differences in the 

experimental strategies. We used LDLr−/− mice fed a hyperlipidemic diet and infused Ang 

II at 1000 ng/kg/min, while Cao et al. used ApoE−/− mice fed a normal chow diet and 

infused Ang II at 500 ng/kg/min. It is possible that different genetic backgrounds could have 

an impact on the inflammatory response associated with aneurysm formation and the 

expression of the 5-LO pathway in the aorta. One consequence of using a lower dose of Ang 

II in the Cao study was that the incidence of aneurysm formation was significantly lower 

than in our study (30% versus 100% in controls). Potentially, this low incidence of AAA in 

their study could have hidden any effect that 5-LO deletion or FLAP inhibition had on 

aneurysm phenotype. With respect to the different pharmacological approaches used, we 

observed >90% inhibition of LTB4 production in the blood of mice treated with AZD4407 

whereas Cao et al. reported 50% inhibition of LTB4 production using MK-0591. Our studies 

indicate that a high level of 5-LO inhibition is required to achieve a protective effect on 

aneurysm phenotype and it is possible that the level of inhibition achieved by others was 

inadequate. The high level of 5-LO inhibition in blood needed to reduce aneurysm 

progression may relate to adequate exposure of compound within the aorta in order to inhibit 

5-LO activity. This could be particularly important since it has been observed that the 

potency of some non-redox 5-LO inhibitors can be impaired in tissues 27, 28. Supportive of 

this potential explanation is the fact that SMC marker smooth muscle α-Actin expression, 

MMP9 levels, and 5-LO pathway gene expression in the aorta were dose-dependently 

affected by 5-LO inhibition.

Myeloid cells are known to be one of the sources of the 5-LO pathway. Our bone marrow 

chimera experiments demonstrated that 5-LO activity in myeloid cells is critical to aneurysm 

formation. Moreover, we demonstrated that 5-LO expression is predominantly associated 
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with PMNLs in the aortic wall early in AAA development. However, in contrast to earlier 

reports 14, 20 29, we did not demonstrate co-localization with macrophages. Prior studies 

have demonstrated that neutrophil counts are elevated in human AAA 17, 30, 31 and have 

suggested a pathological role for neutrophils in AAA 32–37. Since LTB4 is a potent 

chemokine for neutrophils and can also promote neutrophil survival by inhibiting 

apoptosis 38, the reduction in PMNL following 5-LO inhibition could be explained by 

reduced infiltration and/or decreased survival of neutrophils in the aortic wall. This 

reduction in neutrophil number between day 3 and 7 could be pivotal to the mechanism by 

which 5-LO inhibition attenuates aneurysm progression. SMC marker α-Actin expression 

was reduced on day 3 in both control mice and those treated with the 5-LO inhibitor. 

However, by day 7 it appeared that SMC marker α-Actin was again re-expressed in mice 

that had received the 5-LO inhibitor. This intriguing and novel finding suggests that SMC 

phenotype is reversible and that 5-LO inhibition can revert SMCs back to healthy state. 

Whether this effect could be explained by a direct action of leukotrienes on vascular SMCs 

or through an alternative mechanism linked to fewer neutrophils in the aneurysm cannot be 

deduced from our data but is worthy of further investigation. We also demonstrated a dose 

dependent reduction in MMP9 expression with 5-LO inhibition suggesting yet another 

mechanism by which 5-LO inhibition could attenuate aneurysm progression.

A clinically relevant finding in this study is that 5-LO inhibition could attenuate aneurysm 

progression of small or developing AAA. The effect of 5-LO inhibition on aneurysm 

phenotype was similar whether 5-LO inhibition was initiated prior to elastase perfusion or 

after elastase in small AAA, indicating that 5-LO plays a prominent physiological role in 

aneurysm progression. We initially chose day 3 to start the treatment arm based on time 

course studies that suggested that inflammatory changes occur prominently during this post-

surgical period in the elastase model. However, significant aortic dilation does not proceed 

until around day 7. To improve possible translation to the clinic, it will be important to 

assess whether 5-LO inhibition can have therapeutic effects on established aneurysms, by 

evaluating treatment initiated after 14 or 28 days and analyzing the aneurysm phenotype at 

later time points. The rapid formation of AAA in both the elastase perfusion and Ang II 

models have always been a limitation in the translation to human AAA yet have provided 

important insights to our understanding of the disease. Since there is evidence that the 

inflammatory response is attenuated late in experimental and human aneurysm disease, it is 

not certain that 5-LO will play an active role in aneurysm progression in advanced AAA. In 

addition to producing pro-inflammatory leukotrienes, the 5-LO pathway is involved in the 

transcellular formation of lipoxins that can mediate inflammatory resolution. By targeting 5-

LO activity early in experimental models, our current studies have primarily addressed the 

impact of the pro-inflammatory effects of this pathway on aneurysm formation. Future 

studies should also address whether treatment with a 5-LO inhibitor could have an impact on 

inflammatory resolution in experimental aneurysms and evaluate the effect that this could 

have on aneurysm phenotype.

The primary long-term objective of our studies is to determine if 5-LO inhibition could be a 

therapeutic strategy to treat AAA progression in humans. There is currently no approved 

medication for AAA, and the small number of clinical trials that have been performed have 

failed to identify significant effects of existing medications on aneurysm progression 39. We 
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have demonstrated that the 5-LO pathway is highly relevant early in experimental AAA 

using two different mouse models. Moreover, myeloid derived 5-LO is critical in neutrophil 

recruitment in the aortic wall of early AAA. Given that the 5-LO pathway and inflammation 

is attenuated in late stage human and experimental AAA, our findings suggest the 5-LO 

pathway could be targeted early in AAA to prevent aneurysm progression.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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5-LO 5-lipoxygenase

AA Arachidonic acid

FLAP 5-lipoxygenase activating protein
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SIGNIFICANCE

Abdominal aortic aneurysm (AAA) is a top-20 cause of mortality overall, and is the 15th 

leading cause of death in men over the age of 55. Surgery is the only established 

treatment as there are currently no medical therapies to delay the onset or prevent AAA. 

To this end, the current study is the most comprehensive and first to examine the 5-LO 

pathway by using both genetic and pharmacologic approaches to disrupt this pathway in 

two complementary murine models in the study of AAA. These data demonstrate that 

this pathway is critical to experimental AAA formation and that disruption of 5-LO is 

associated with preservation of the elastic lamina, enhanced SMC marker smooth muscle 

α-Actin expression and reductions in neutrophil count and MMP9 levels in the aortic 

media. Collectively these data provide strong evidence that 5-LO inhibition could be 

utilized as a potential medical therapy for AAA in humans.
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Figure 1. 
Comparison using the elastase perfusion model in WT versus 5-LO−/− mice. (A) In situ 

video micrometry of infrarenal aortic dilatation in mice compared to their baseline aortic 

diameter post perfusion (N=9 per group). *P < 0.05 versus control by ANOVA. Effects of 

oral (dietary) inhibition of 5-LO in the elastase perfusion model. (B) Experimental design. 

(C) In situ video micrometry of infrarenal aortic dilatation in mice compared to their 

baseline aortic diameter post perfusion (N=16 per group). *P < 0.05 versus control by 

ANOVA. (D) Plasma 5-LO inhibitor levels measured at day 14 by LC-MS/ MS. *P < 0.05 

pair-wise comparison versus control. (E) Ex vivo whole blood stimulated LTB4 production 

determined by EIA at day 14. *P < 0.05 pair-wise comparison versus control. (F) mRNA 

transcript levels of ALOX5 in the aortic wall of elastase perfused mice. *P < 0.05 pair-wise 

comparison versus control. (G) Background adjusted relative densitometry of MMP9 in the 
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aorta of elastase-perfused mice. *P < 0.05 versus control. (H) Representative histology and 

IHC stains exhibiting elastin fragmentation, immune cell infiltration, apoptosis, and smooth 

muscle cell marker expression in the aorta of elastase perfused mice. (I) Representative IHC 

exhibiting 5-LO pathway protein expression in the aorta of elastase perfused mice. (J) 

Relative quantification of 5-LO and BLT1r proteins in the intimal layer (IL), medial layer 

(ML), and adventitial layer (AL) of the aorta from elastase perfused mice. *P < 0.05 pair-

wise comparison versus control.
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Figure 2. 
Effects of oral (dietary) inhibition of 5-LO in the Ang II infusion model. (A) Experimental 

design. (B) In situ video micrometry of suprarenal aortic dilatation in mice compared to their 

baseline aortic diameter (N=8 per group). *P < 0.05 pair-wise comparison versus control. 

(C) Plasma 5-LO inhibitor levels measured at day 28 by LC-MS/ MS. *P < 0.05 pair-wise 

comparison versus control. (D) Ex vivo whole blood stimulated LTB4 production determined 

by EIA at day 28. *P < 0.05 pair-wise comparison versus control. (E) Proportion of mice 

with ruptured aortic aneurysms. *P < 0.05 pair-wise comparison versus control. (F) 

Bhamidipati et al. Page 14

Arterioscler Thromb Vasc Biol. Author manuscript; available in PMC 2015 December 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



Representative histology sections exhibiting elastin fragmentation, IHC stains and 

quantification exhibiting PMNL and macrophage infiltration, along with 5-LO positive cells 

in the aorta of Ang II infused hypercholesterolemic mice.
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Figure 3. 
Effects of adoptive transfer bone marrow transplantation of 5-LO. (A) Experimental design. 

(B) In situ video micrometry of infrarenal aortic dilatation in mice compared to their 

baseline aortic diameter (N=12 per group). *P < 0.05 pair-wise comparison versus control. 

(C) Ex vivo whole blood stimulated LTB4 production determined by EIA 4 weeks following 

adoptive transfer of bone marrow cells. *P < 0.05 pair-wise comparison versus control. (D) 

Representative histology sections exhibiting elastin fragmentation in the aorta of elastase 

perfused mice. (E) Representative IHC stains exhibiting PMNL infiltration in the aorta of 

elastase perfused mice.
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Figure 4. 
Time course evaluation of effects of oral (dietary) inhibition of 5-LO in the elastase 

perfusion model. (A) Experimental design (Controls, N=4 per group and Comparison, N=10 

per group). (B) In situ video micrometry of infrarenal aortic dilatation in mice compared to 

their baseline aortic diameter post perfusion. The day 14 data from Figure 1 (orange ellipse) 

is used to contextualize the continued aortic dilatation seen in mice in the elastase perfusion 

model. (C) Plasma 5-LO inhibitor levels measured at days 3 and 7 by LC-MS/ MS. *P < 

0.05 pair-wise comparison versus control. (D) Ex vivo whole blood stimulated LTB4 
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production determined by EIA at days 3 and 7. *P < 0.05 pair-wise comparison versus 

control. (E) Representative IHC stains and quantification exhibiting immune cell infiltration, 

smooth muscle cell marker expression, apoptosis and 5-LO protein expression at day 3 and 7 

of harvest in the aorta of elastase perfused mice. *P < 0.05 pair-wise comparison versus 

control. (F) Representative confocal IHC stains exhibit luminal PMNL infiltration into the 

aorta of control mice at day 7. (G) Representative confocal IHC stains exhibit BLT1r and 

smooth muscle cell colocalization in the aorta of control mice at day 7.
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Figure 5. 
Effects of prophylactic and therapeutic oral (dietary) inhibition of 5-LO in the elastase 

perfusion model. (A) Experimental design. (B) In situ video micrometry of infrarenal aortic 

dilatation in mice compared to their baseline aortic diameter post perfusion (N=10 per 

group). *P < 0.05 pair-wise comparison versus control. (C) Plasma 5-LO inhibitor levels 

measured at day 14 by LC-MS/ MS. *P < 0.05 pair-wise comparison versus control. (D) Ex 

vivo whole blood stimulated LTB4 production determined by EIA at day 14. *P < 0.05 pair-

wise comparison versus control. (E) Representative histology exhibiting elastin 

fragmentation, IHC stains and quantification exhibiting PMNL and macrophage infiltration, 
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and smooth muscle cell marker expression in the aorta of elastase-perfused mice. *P < 0.05 

pair-wise comparison versus control.
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Figure 6. 
Late stage human aneurysms and expression of genes encoding 5-LO pathway proteins. (A) 

Representative Movat staining in healthy control aorta (N=9 per group). Panels 1 and 2 are 

40X magnifications of select areas from the 10X pictomicrograph. (B) Representative 

smooth muscle cell marker expression in human samples with clinically diagnosed AAA. 

Panels 1 and 2 are 40X magnifications of select areas from the 10X pictomicrograph. (C) 

Relative fold change of mRNA transcripts, normalized to 18S, of 5-LO pathway protein 

encoding genes in non-AAA and AAA human samples. *P < 0.05 versus patients without 

clinically diagnosed AAA.
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