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Recent Highlights of ATVB

Aortic Aneurysms

Hong Lu, Alan Daugherty

ortic aneurysms are manifested as progressive dilation

with high risk for death caused by rupture. The most
common locations are the infrarenal abdominal and ascending
aortic regions in humans. This article highlights some recent
publications in ATVB that have provided insights into under-
standing mechanisms and potential therapeutic strategies for
aortic aneurysms.

Abdominal Aortic Aneurysms

Human Studies

The incidence of abdominal aortic aneurysms (AAA) is
increasing in the elder population.' Independent risk factors
for AAA include not only aging but also male and smoking,**
whereas some risk factors such as hypertension and hyper-
cholesterolemia have not been consistently demonstrated to
be independent risk factors.*”8 There are several recent popu-
lation studies that have enhanced or extended insights into risk
factors for AAA or associations with AAA.

The ARIC study (Atherosclerosis Risk in Communities)
is a 24-year prospective study recruited 15792 participants.
Tang et al’ evaluated lifetime risk and risk factors for AAA in
this large cohort. Smoking is not only the most prevalent risk
factor but also a lifetime risk for AAA in men. Higher plasma
low-density lipoprotein or total cholesterol is also associated
with increased risk for AAA.

Inflammation is apparent during the initiation and devel-
opment of AAA in animal models. Inflammatory cell types
and markers have also been detected in human AAA.'"2
Psoriasis and asthma have profound inflammatory responses.
A previous systematic review and meta-analysis has shown
an association between psoriasis and AAA." Recently, ret-
rospective cohort studies using Danish populations reported
that psoriasis'* and asthma'® were associated with higher risk
for AAA.

Animal studies have provided consistent evidence that the
renin—angiotensin system plays a critical role in development
of AAA. '8 There is also evidence from a retrospective human
study that inhibition of angiotensin-converting enzyme in the
renin—angiotensin system prevents progression of AAA." In
Danish nation-wide registries (1995-2011), Kristensen et al*
found that administration of either angiotensin-converting
enzyme inhibitors or angiotensin receptor blockers was asso-
ciated with reduction of mortality in patients with AAA.
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Human studies have demonstrated that diabetes mellitus
is associated with lower risk for AAA.*'-?* Experimentally,
hyperglycemia attenuates development of AAA in elastase
or angiotensin II (AngIl)-induced AAA.* Hemoglobin Alc
reflects an average of blood glucose concentrations within an
extended interval of =3 months. Using the participant informa-
tion collected from the VIVA (Viborg Vascular) randomized
screening trials of the Central Denmark Region, Kristensen
et al® reported that growth rates of AAA were inversely asso-
ciated with concentrations of hemoglobin Alc. This study
provides insights that long-lasting elevated blood glucose con-
centrations impair progression of AAA in humans.

Animal Studies

Three common AAA mouse models were developed in the
early 2000s.62 AAA develops in these mouse models by
elastase perfusion into the infrarenal aorta,? calcium chloride
periaortic application to the infrarenal region,”® or AngII sub-
cutaneous infusion.”’? A spectrum of potential mechanisms
of AAA have been studied using these mouse models in their
original or modified forms.'!!230-34

Inflammatory Cell-Related Mechanisms

Inflammation is a common characteristic of AAA
lesions, 116353 which is manifested by inflammatory cell
accumulation and a wide range of inflammatory molecular
and signaling changes.

Mellak et al*” studied the trafficking behavior of monocyte
subsets in Angll-induced AAA in apolipoprotein E (Apoe™)
mice using multiple approaches including bone marrow trans-
plantation, spleen removal, and lymphocyte-deficient mice
(Rag2~"). This study provided evidence that Angll promoted
mobilization of monocytes in spleen to the suprarenal aortic
region, which was associated with development of AnglI-
induced AAA. In addition to inflammatory cell accumulation,
markers of inflammasomes are present in plasma and AAA ¥
Two research groups found that inflammasome activation con-
tributed to AAA in AnglI-infused mice.**#!

Contributions of lymphocytes to AAA have also been
reported in recent studies.!’ Splenic B-cell depletion prevented
monocyte mobilization and attenuated Angll-induced AAA for-
mation.”” Consistent with this finding, Schaheen et al** reported
that depletion of B cells by anti-CD20 antibody reduced AAA
in both Angll-induced and elastase-induced AAA models.

Neutrophils are an essential component of the innate
immune system.* Previous studies have implicated poten-
tially important roles of neutrophils in AAA develop-
ment.*#¢ Yan et al*’ reported that neutrophils contributed
to elastase-induced AAA in mice associated with release of
neutrophil extracellular traps and activation of plasmacytoid
dendritic cells.

Several studies have demonstrated the contribution of mast
cell activation to AAA development.**->° Mast cell activation is
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also one important feature of asthma. A recent study reported
an association between active asthma and AAA in humans.'
This group also studied whether pulmonary inflammation,
a distinguishing feature of asthma, contributed to AAA in
animal models.”' The authors reported that lung inflamma-
tion augmented Angll and calcium chloride-induced AAA in
mice, respectively, accompanied by increases of many inflam-
matory markers in plasma, lung, and AAA tissues.

Smooth Muscle Cell, Stem Cell, or

Platelet-Related Mechanisms

Elastin fragmentation and disruption of aortic integrity are
prominent components of AAA.*® In a mouse model infused
with both AngllI and 3-aminopropionitrile, elastin damage of
the aortic wall was severe.** Hypoxia-inducible factor 1a is
a transcription factor responding to hypoxia, which is abun-
dant in vasculature.” Deficiency of this transcription factor
in smooth muscle cells augmented AAA in mice infused with
both Angll and $-aminopropionitrile, accompanied by disrup-
tion of elastin fiber formation.*

Mesenchymal stem cells are multipotent cells present in
bone marrow that have the potential to differentiate into a spec-
trum of cell types.>* Sharma et al® studied the effects of mes-
enchymal stem cells on elastase-induced AAA in mice. They
first reported that administration of mesenchymal stem cells
attenuated elastase-induced AAA and reduced interleukin-17,
a T-lymphocyte-produced proinflammatory cytokine. Their
recent study provided insights that mesenchymal stem cell
infusion inhibited macrophage-produced high mobility group
box 1 production and diminished release of proinflammatory
cytokines, thereby preventing elastase-induced AAAs.>

Aortic rupture is the fatal consequence of AAA. Platelets
contribute to thrombosis.”” Studies in mouse and rat models
have demonstrated that platelets play a critical role in AAA
development.’®®% To extend insights into the contributions of
platelets to AAA, Owens et al® studied the effects of plate-
let inhibitors, aspirin and clopidogrel, on established AAA in
Angll-infused mice and found that inhibition of platelets pro-
foundly reduced aortic rupture. In addition to effects of plate-
lets in thrombosis and AAA, thrombomodulin, a cofactor of
thrombin, has also been reported to contribute to both calcium
chloride~induced and Angll-induced AAA in mice.®* Findings
in these study implicate important roles of hemostatic factors
in the development and progression of AAA.

Enzymes, Proteins, Peptides, and Other Factors

This section introduces a variety of factors that have been stud-
ied for both their unique features and common targets, such
as inflammation and oxidative stress, in AAA development.
Considering the diversity of their features, we distinguish
them in general categories and introduce each molecule in
independent paragraphs following the sequences of enzymes,
proteins, peptides, and others.

Enzymes

Cysteine proteases are present in human AAA.® Subramanian
et al®*% reported that calpains, calcium-dependent intracel-
lular cysteine proteases, contributed to Angll-induced AAA.
Although macrophages are an abundant source of calpains,
their effects on Angll-induced AAA were not dependent on
their presence in macrophages.*

Focal adhesion kinase is a cytoplasmic tyrosine kinase in
regulating integrin-mediated signal transduction.®”” A phama-
cological inhibitor of focal adhesion kinase diminished both
the initiation and progression of calcium chloride-induced
AAA in mice,® which was associated with modulation of
macrophage behavior.

p1100, a member of phosphatidylinositol 3-kinase family,
is predominantly expressed in leukocytes. Genetic inactiva-
tion of p110d in mice led to accumulation of macrophages
in the aorta and augmented calcium chloride—induced AAA.%

Association of AAA with oxidative stress has been stud-
ied extensively.” The paraoxonase gene cluster reduces oxida-
tive stress. Yan et al”' reported that Angll-induced AAA was
reduced in the paraoxonase gene cluster transgenic mice in an
Apoe™ background, providing new evidence to support asso-
ciation between AAA and oxidative stress.

Proteins

Inhibition of transforming growth factor (TGF)-f3 leads to
augmentation of Angll-induced AAA and aortic rupture
rate.”*”® Thrombospondin-1 exerts an important role in regu-
lating TGF-B1 activity. Krishna et al’ reported that a peptide
antagonist of thrombospondin-1 accelerated the progression
of Angll-induced AAA in Apoe™ mice.

Serum amyloid A is a member of apolipoproteins associ-
ated with high-density lipoprotein. Serum amyloid A is also
identified as an acute phase inflammatory marker.” In Apoe™-
mice infused with Angll, plasma serum amyloid A profoundly
increased. Deficiency of serum amyloid A reduced Angll-
induced AAA, accompanied by lower matrix metalloprotein-
ase-2 activity in the aortic wall.”®

Peptides

Angll is an octapeptide-inducing vasoconstriction, whereas
bradykinin is a vasodilator peptide, of which its effects are
mediated by kinin B2 receptor. Moran et al’’ explored effects
of this receptor on AAA development. Pharmacological
manipulations provided evidence that kinin B2 receptor con-
tributed to Angll-induced AAA in mice and calcium phos-
phate—induced AAA in rats.”

Intermedin is a calcitonin gene-related peptide. Intermedin
1-53, a product of preprointermedin, reduced Angll or calcium
chloride—induced AAA in mice.” This preventive effect on AAA
was associated with attenuation of oxidative stress in AAA.

Vitamin D3 and Iron

Mineral homeostasis is important for human health. Recent
research has also investigated effects of minerals such as cal-
cium and iron on AAA development.

Calcitriol is the active form of vitamin D3, an important
vitamin in regulating calcium absorption. Administration of
calcitriol reduced Angll-induced AAA in Apoe™ mice.”

Accumulation of iron is detected in AAA of humans and
AngllI-infused mice.® Sawada et al® discovered that restric-
tion of dietary iron intake diminished Angll-induced AAA.

Recently Reported AAA models

Hypercholesterolemia augments Angll-induced AAA.>"81-8
To explore molecular mechanisms using this mouse model
usually requires that mice are bred to either low-density lipo-
protein receptor”~ or Apoe”~ mice, which is both time and
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cost consuming.® Several research groups have reported a
new approach for mimicking depletion of low-density lipo-
protein receptor in C57BL/6 mice to augment atherosclerosis
by inducing hypercholesterolemia through persistent expres-
sion of a gain-of-function mutation of PCSK9 (proprotein
convertase subtilisin/kexin type 9).2-° This mode of inducing
hypercholesterolemia has also been demonstrated to augment
Angll-induced AAA.*® A caveat to the wide application of
this approach is the potential for variable response in different
strains of mice.%%

Yamanouchi et al’' modified the traditional calcium chlo-
ride-induced AAA mouse model by adding phosphate buft-
ered saline after the introduction of calcium chloride onto
the infrarenal aorta, which led to the formation of calcium
phosphate. Their recent study has also provided evidence that
calcification is present in human AAA, and pharmacological
inhibition of osteoclastogenesis prevents the development of
calcium phosphate—induced AAA in mice.”

Kawasaki disease is an inflammatory disease, which is man-
ifested by myocarditis and coronary arteritis.”** A Kawasaki
disease mouse model induced by stimulation with Lactobacillus
casei cell wall extract mimics myocarditis and coronary arte-
ritis of the human disease.”® Wakita et al”’ reported that this
Kawasaki disease mouse model also developed AAA in the
infrarenal aortic region, which was associated with interleu-
kin-1 signaling. This finding provides new insights into under-
standing inflammation-mediated mechanisms of AAA.

91

Thoracic Aortic Aneurysms

Genetic disorders are a prevalent cause of thoracic aortic aneu-
rysms (TAA).” Recognized representative genetic disruptions
include mutations in fibrillin-1 (Fbn1) gene and TGF-[3 recep-
tor—related genetic changes, which cause progressive aortic
dilation in the aortic root and ascending aortic regions.”-'%
Mouse models have been developed based on some of the
genetic disruptions identified in humans.

In addition to identified genetic disruptions, bicuspid aor-
tic valves in humans are associated with increased risk for
TAA.194105 A recent study compared a set of TGF-B-related
genes between patients with bicuspid and tricuspid aortic
valve diseases. The findings implicate that TGF-f-related
genes and classic signaling pathway are lower in TAA patients
with bicuspid aortic valves.'%

Marfan Mouse Models

There are 2 common mouse models representing Marfan
syndrome.'1% One is called Fbn1C1039G/+ mouse contain-
ing a transgene with cysteine to glycine mutation on amino
acid 1041 of the Fbnl gene (Fbnl1C1041G/+; equivalent to
C1039Y in humans).'”” This transgene leads to modest aortic
root and ascending aortic dilation in adult mice.!*"!®!10 The
other common model is an Fbnl hypomorphic mouse model,
which has profound dilation in the aortic root and ascending
aortic regions with high rates of aortic rupture.'® Recent stud-
ies using these 2 mouse models report that multiple poten-
tial therapeutic strategies hold promise for the treatment of
TAAs. These include AT1 receptor blockade,'® 112 caspase
inhibition,'”* and administration of resveratrol.''"* Although
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TGF-f signaling activation has been postulated in the aortic
pathologies,'®!!5 whether inhibition of TGF-3 preventing or
augmenting TAA in Marfan mouse models has not been con-
sistently reported in the literature.!%112:116

Genetic Disruptions of TGF- or Its Receptors
TGF-B-related manipulations induce aortic aneurysms in the
ascending aortic region in mice that also recapitulate the aortic
pathologies in humans such as Loeys—Dietz syndrome.''> An
earlier study reported that haploinsufficient 7gfb2 (+/-) mice
had aortic root dilation.!”” Subsequent studies from several
independent laboratories have demonstrated that genetic dis-
ruption of TGF-f3 receptor 2 in smooth muscle cells induced in
adult mice exhibits profound aortic root and ascending aortic
dilation and disruption of aortic structural integrity.'!®!18-12!
Wei et al''® also provided direct evidence that deletion of TGF-
[ receptor 2 in smooth muscle cells of Fbn1C1041G/+ mice
accelerated aortic pathologies. Another recent study reported
that TGF- receptor 1 deficiency in smooth muscle cells
caused severe aortopathy in mice.'”!

Angiotensin II or Other Chemical-Induced TAA
Recently, several groups have reported that Angll induces
TAA that is restricted to the ascending aortic region.*122-124
In contrast to Angll-induced AAA, TAA induced by AnglI is
independent of hypercholesterolemia.'” In addition to AnglI-
induced TAA, coinfusion of Angll and B-aminopropionitrile
also induces TAA in mice.’** Tkonomidis et al'?’ developed
a mouse model of TAA by applying calcium chloride onto the
descending thoracic aortic region. Using these mouse models,
recent studies discovered that genetic depletion of AT1 recep-
tor reduced Angll-induced TAA'?!1?; nucleotide oligomeriza-
tion domain-like receptor family, pyrin domain containing 3
caspase-1 inflammasome contributed to AnglI-induced TAA*;
smooth muscle cell-specific deficiency of low-density lipo-
protein receptor—related protein 1 augmented Angll-induced
TAA'"™; genetic MMP-2 (matrix metalloproteinase) deficiency
accelerated Angll-induced TAA, but attenuated calcium chlo-
ride—induced TAA!?; and smooth muscle cell-specific defi-
ciency of hypoxia-inducible factor-1o increased TAA in mice
coinfused with Angll and -aminopropionitrile.>

Summary

Aortic aneurysms in both abdominal and thoracic regions
have complex pathophysiological features. There are still
many unanswered questions and conflicting findings that need
to be clarified. We hope that this brief review prompts interest
in reading these highlighted articles to understand potential
mechanisms of the 2 aortic pathologies from a broad view-
point. We also hope the introduction of these recent publica-
tions helps develop experiments based on current findings to
explore new mechanisms and effective therapeutics.

Sources of Funding
The authors’ research study was supported by the National Institutes
of Health under award number HL.133723 and HL107319. The con-
tent in this article is solely the responsibility of the authors and does
not necessarily represent the official views of the National Institutes
of Health.



6TOZ ‘TT 1snfny uo Aq Bio'seuinofeye//:duy wo.y papeojumoq

e62 Arterioscler Thromb Vasc Biol June 2017
Disclosures

None.
References

. Bjorck M, Bown MJ, Choke E, Earnshaw J, Florenes T, Glover M, Kay

M, Laukontaus S, Lees T, Lindholt J, Powell JT, van Rij A, Svensjo S,
Wanhainen A. International update on screening for abdominal aor-
tic aneurysms: issues and opportunities. Eur J Vasc Endovasc Surg.
2015;49:113-115.

. LeFevre ML; U.S. Preventive Services Task Force. Screening for abdomi-

nal aortic aneurysm: U.S. Preventive Services Task Force recommendation
statement. Ann Intern Med. 2014;161:281-290. doi: 10.7326/M14-1204.

. Forsdahl SH, Singh K, Solberg S, Jacobsen BK. Risk factors for

abdominal aortic aneurysms: a 7-year prospective study: the Tromsg
Study, 1994-2001. Circulation. 2009;119:2202-2208. doi: 10.1161/
CIRCULATIONAHA.108.817619.

. Iribarren C, Darbinian JA, Go AS, Fireman BH, Lee CD, Grey DP.

Traditional and novel risk factors for clinically diagnosed abdominal aor-
tic aneurysm: the Kaiser multiphasic health checkup cohort study. Ann
Epidemiol. 2007;17:669-678. doi: 10.1016/j.annepidem.2007.02.004.

. Svensjo S, Bjorck M, Giirtelschmid M, Djavani Gidlund K, Hellberg

A, Wanhainen A. Low prevalence of abdominal aortic aneurysm
among 65-year-old Swedish men indicates a change in the epidemiol-
ogy of the disease. Circulation. 2011;124:1118-1123. doi: 10.1161/
CIRCULATIONAHA.111.030379.

. Kent KC, Zwolak RM, Egorova NN, Riles TS, Manganaro A, Moskowitz

AJ, Gelijns AC, Greco G. Analysis of risk factors for abdominal aortic
aneurysm in a cohort of more than 3 million individuals. J Vasc Surg.
2010;52:539-548. doi: 10.1016/j.jvs.2010.05.090.

. Lederle FA, Johnson GR, Wilson SE, Chute EP, Hye RJ, Makaroun

MS, Barone GW, Bandyk D, Moneta GL, Makhoul RG. The aneurysm
detection and management study screening program: validation cohort
and final results. Aneurysm Detection and Management Veterans Affairs
Cooperative Study Investigators. Arch Intern Med. 2000;160:1425-1430.

. Alcorn HG, Wolfson SK Jr, Sutton-Tyrrell K, Kuller LH, O’Leary D.

Risk factors for abdominal aortic aneurysms in older adults enrolled
in The Cardiovascular Health Study. Arterioscler Thromb Vasc Biol.
1996;16:963-970.

. Tang W, Yao L, Roetker NS, Alonso A, Lutsey PL, Steenson CC, Lederle

FA, Hunter DW, Bengtson LG, Guan W, Missov E, Folsom AR. Lifetime
risk and risk factors for abdominal aortic aneurysm in a 24-year prospec-
tive study: The ARIC Study (Atherosclerosis Risk in Communities).
Arterioscler Thromb Vasc Biol. 2016;36:2468-2477. doi: 10.1161/
ATVBAHA.116.308147.

. Curci JA, Liao S, Huffman MD, Shapiro SD, Thompson RW. Expression

and localization of macrophage elastase (matrix metalloproteinase-12)
in abdominal aortic aneurysms. J Clin Invest. 1998;102:1900-1910. doi:
10.1172/JC12182.

. Dale MA, Ruhlman MK, Baxter BT. Inflammatory cell phenotypes in

AAAs: their role and potential as targets for therapy. Arterioscler Thromb
Vasc Biol. 2015;35:1746-1755. doi: 10.1161/ATVBAHA.115.305269.

. Wanhainen A, Mani K, Golledge J. Surrogate markers of abdominal aortic

aneurysm progression. Arterioscler Thromb Vasc Biol. 2016;36:236-244.
doi: 10.1161/ATVBAHA.115.306538.

. Samarasekera EJ, Neilson JM, Warren RB, Parnham J, Smith CH.

Incidence of cardiovascular disease in individuals with psoriasis: a sys-
tematic review and meta-analysis. J Invest Dermatol. 2013;133:2340—
2346. doi: 10.1038/jid.2013.149.

. Khalid U, Egeberg A, Ahlehoff O, Smedegaard L, Gislason GH, Hansen

PR. Nationwide study on the risk of abdominal aortic aneurysms in
patients with psoriasis. Arterioscler Thromb Vasc Biol. 2016;36:1043—
1048. doi: 10.1161/ATVBAHA.116.307449.

. Liu CL, Wemmelund H, Wang Y, et al. Asthma associates with human

abdominal aortic aneurysm and rupture. Arterioscler Thromb Vasc Biol.
2016;36:570-578. doi: 10.1161/ATVBAHA.115.306497.

. Liu J, Daugherty A, Lu H. Angiotensin II and abdominal aortic aneu-

rysms: an update. Curr Pharm Des. 2015;21:4035-4048.

. Lu H, Rateri DL, Bruemmer D, Cassis LA, Daugherty A. Involvement of

the renin-angiotensin system in abdominal and thoracic aortic aneurysms.
Clin Sci (Lond). 2012;123:531-543. doi: 10.1042/CS20120097.

. Bruemmer D, Daugherty A, Lu H, Rateri DL. Relevance of angiotensin

II-induced aortic pathologies in mice to human aortic aneurysms. Ann NY
Acad Sci. 2011;1245:7-10. doi: 10.1111/j.1749-6632.2011.06332.x.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

31.

33.

35.

36.

37.

38.

Hackam DG, Thiruchelvam D, Redelmeier DA. Angiotensin-converting
enzyme inhibitors and aortic rupture: a population-based case-control
study. Lancet. 2006;368:659-665. doi: 10.1016/S0140-6736(06)69250-7.
Kristensen KE, Torp-Pedersen C, Gislason GH, Egfjord M, Rasmussen
HB, Hansen PR. Angiotensin-converting enzyme inhibitors and angio-
tensin II receptor blockers in patients with abdominal aortic aneurysms:
nation-wide cohort study. Arterioscler Thromb Vasc Biol. 2015;35:733—
740. doi: 10.1161/ATVBAHA.114.304428.

Lederle FA. The strange relationship between diabetes and abdomi-
nal aortic aneurysm. Eur J Vasc Endovasc Surg. 2012;43:254-256. doi:
10.1016/j.ejvs.2011.12.026.

De Rango P, Farchioni L, Fiorucci B, Lenti M. Diabetes and abdominal
aortic aneurysms. Eur J Vasc Endovasc Surg. 2014;47:243-261. doi:
10.1016/j.ejvs.2013.12.007.

Shah AD, Langenberg C, Rapsomaniki E, Denaxas S, Pujades-Rodriguez
M, Gale CP, Deanfield J, Smeeth L, Timmis A, Hemingway H. Type 2 dia-
betes and incidence of cardiovascular diseases: a cohort study in 1-9 mil-
lion people. Lancet Diabetes Endocrinol. 2015;3:105-113. doi: 10.1016/
S2213-8587(14)70219-0.

Miyama N, Dua MM, Yeung JJ, Schultz GM, Asagami T, Sho E,
Sho M, Dalman RL. Hyperglycemia limits experimental aortic aneu-
rysm progression. J Vasc Surg. 2010;52:975-983. doi: 10.1016/j.
jvs.2010.05.086.

Kristensen KL, Dahl M, Rasmussen LM, Lindholt JS. Glycated
Hemoglobin Is Associated With the Growth Rate of Abdominal Aortic
Aneurysms: A Substudy From the VIVA (Viborg Vascular) Randomized
Screening Trial. Arterioscler Thromb Vasc Biol. 2017;37:730-736. doi:
10.1161/ATVBAHA.116.308874.

Pyo R, Lee JK, Shipley JM, Curci JA, Mao D, Ziporin SJ, Ennis TL,
Shapiro SD, Senior RM, Thompson RW. Targeted gene disruption of
matrix metalloproteinase-9 (gelatinase B) suppresses development of
experimental abdominal aortic aneurysms. J Clin Invest. 2000;105:1641—
1649. doi: 10.1172/1CI8931.

Daugherty A, Manning MW, Cassis LA. Angiotensin II promotes athero-
sclerotic lesions and aneurysms in apolipoprotein E-deficient mice. J Clin
Invest. 2000;105:1605-1612. doi: 10.1172/JC17818.

Longo GM, Xiong W, Greiner TC, Zhao Y, Fiotti N, Baxter BT. Matrix
metalloproteinases 2 and 9 work in concert to produce aortic aneurysms.
J Clin Invest. 2002;110:625-632. doi: 10.1172/JCI15334.

Daugherty A, Cassis L. Chronic angiotensin II infusion promotes athero-
genesis in low density lipoprotein receptor -/- mice. Ann N Y Acad Sci.
1999:892:108-118.

. Mallat Z, Tedgui A, Henrion D. Role of microvascular tone and extracel-

lular matrix contraction in the regulation of interstitial fluid: implications
for aortic dissection. Arterioscler Thromb Vasc Biol. 2016;36:1742—-1747.
doi: 10.1161/ATVBAHA.116.307909.

Sénémaud J, Caligiuri G, Etienne H, Delbosc S, Michel JB, Coscas R.
Translational relevance and recent advances of animal models of abdomi-
nal aortic aneurysm. Arterioscler Thromb Vasc Biol. 2017;37:401-410.
doi: 10.1161/ATVBAHA.116.308534.

. Lysgaard Poulsen J, Stubbe J, Lindholt JS. Animal models used to explore

abdominal aortic aneurysms: a systematic review. Eur J Vasc Endovasc
Surg. 2016;52:487-499. doi: 10.1016/j.€jvs.2016.07.004.

Morgan S, Yamanouchi D, Harberg C, Wang Q, Keller M, SiY, Burlingham
W, Seedial S, Lengfeld J, Liu B. Elevated protein kinase C-0 contributes
to aneurysm pathogenesis through stimulation of apoptosis and inflamma-
tory signaling. Arterioscler Thromb Vasc Biol. 2012;32:2493-2502. doi:
10.1161/ATVBAHA.112.255661.

. Kanematsu Y, Kanematsu M, Kurihara C, Tsou TL, Nuki Y, Liang EI,

Makino H, Hashimoto T. Pharmacologically induced thoracic and abdom-
inal aortic aneurysms in mice. Hypertension. 2010;55:1267-1274. doi:
10.1161/HYPERTENSIONAHA.109.140558.

Raffort J, Lareyre F, Clement M, Hassen-Khodja R, Chinetti G, Mallat
Z. Monocytes and macrophages in abdominal aortic aneurysm. Nat Rev
Cardiol. 2017,

Daugherty A, Cassis LA, Lu H. Complex pathologies of angioten-
sin II-induced abdominal aortic aneurysms. J Zhejiang Univ Sci B.
2011;12:624-628. doi: 10.1631/jzus.B1101002.

Mellak S, Ait-Oufella H, Esposito B, Loyer X, Poirier M, Tedder TF,
Tedgui A, Mallat Z, Potteaux S. Angiotensin II mobilizes spleen mono-
cytes to promote the development of abdominal aortic aneurysm in Apoe-
/- mice. Arterioscler Thromb Vasc Biol. 2015;35:378-388. doi: 10.1161/
ATVBAHA.114.304389.

Wu X, Cakmak S, Wortmann M, Hakimi M, Zhang J, Bockler D, Dihlmann
S. Sex- and disease-specific inflammasome signatures in circulating



6TOZ ‘TT 1snfny uo Aq Bio'seuinofeye//:duy wo.y papeojumoq

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51,

52.

53.

Lu and Daugherty

blood leukocytes of patients with abdominal aortic aneurysm. Mol Med.
2016;22:508-518. doi: 10.2119/molmed.2016.00035.

Roberts RL, Van Rij AM, Phillips LV, Young S, McCormick SP, Merriman
TR, Jones GT. Interaction of the inflammasome genes CARD8 and NLRP3
in abdominal aortic aneurysms. Atherosclerosis. 2011;218:123-126. doi:
10.1016/j.atherosclerosis.2011.04.043.

Wu D, Ren P, Zheng Y, Zhang L, Xu G, Xie W, Lloyd EE, Zhang S,
Zhang Q, Curci JA, Coselli JS, Milewicz DM, Shen YH, LeMaire SA.
NLRP3 (Nucleotide Oligomerization Domain-Like Receptor Family,
Pyrin  Domain Containing 3)-Caspase-1 Inflammasome Degrades
Contractile Proteins: Implications for Aortic Biomechanical Dysfunction
and Aneurysm and Dissection Formation. Arterioscler Thromb Vasc Biol.
2017;37:694-706. doi: 10.1161/ATVBAHA.116.307648.

Usui F, Shirasuna K, Kimura H, Tatsumi K, Kawashima A, Karasawa
T, Yoshimura K, Aoki H, Tsutsui H, Noda T, Sagara J, Taniguchi S,
Takahashi M. Inflammasome activation by mitochondrial oxidative stress
in macrophages leads to the development of angiotensin II-induced aor-
tic aneurysm. Arterioscler Thromb Vasc Biol. 2015;35:127-136. doi:
10.1161/ATVBAHA.114.303763.

Schaheen B, Downs EA, Serbulea V, Almenara CC, Spinosa M, Su G,
Zhao Y, Srikakulapu P, Butts C, McNamara CA, Leitinger N, Upchurch
GR Jr, Meher AK, Ailawadi G. B-cell depletion promotes aortic infiltra-
tion of immunosuppressive cells and is protective of experimental aor-
tic aneurysm. Arterioscler Thromb Vasc Biol. 2016;36:2191-2202. doi:
10.1161/ATVBAHA.116.307559.

Witko-Sarsat V, Rieu P, Descamps-Latscha B, Lesavre P, Halbwachs-
Mecarelli L. Neutrophils: molecules, functions and pathophysiological
aspects. Lab Invest. 2000;80:617-653.

Eliason JL, Hannawa KK, Ailawadi G, Sinha I, Ford JW, Deogracias MP,
Roelofs KJ, Woodrum DT, Ennis TL, Henke PK, Stanley JC, Thompson
RW, Upchurch GR Jr. Neutrophil depletion inhibits experimental abdomi-
nal aortic aneurysm formation. Circulation. 2005;112:232-240. doi:
10.1161/CIRCULATIONAHA.104.517391.

Ramos-Mozo P, Madrigal-Matute J, Martinez-Pinna R, Blanco-Colio
LM, Lopez JA, Camafeita E, Meilhac O, Michel JB, Aparicio C, Vega
de Ceniga M, Egido J, Martin-Ventura JL. Proteomic analysis of poly-
morphonuclear neutrophils identifies catalase as a novel biomarker of
abdominal aortic aneurysm: potential implication of oxidative stress in
abdominal aortic aneurysm progression. Arterioscler Thromb Vasc Biol.
2011;31:3011-3019. doi: 10.1161/ATVBAHA.111.237537.

Pagano MB, Bartoli MA, Ennis TL, Mao D, Simmons PM, Thompson
RW, Pham CT. Critical role of dipeptidyl peptidase I in neutrophil recruit-
ment during the development of experimental abdominal aortic aneu-
rysms. Proc Natl Acad Sci U S A. 2007;104:2855-2860. doi: 10.1073/
pnas.0606091104.

Yan H, Zhou HF, Akk A, Hu Y, Springer LE, Ennis TL, Pham CT.
Neutrophil proteases promote experimental abdominal aortic aneurysm
via extracellular trap release and plasmacytoid dendritic cell activa-
tion. Arterioscler Thromb Vasc Biol. 2016:;36:1660-1669. doi: 10.1161/
ATVBAHA.116.307786.

Sun J, Sukhova GK, Yang M, Wolters PJ, MacFarlane LA, Libby P, Sun C,
ZhangY, Liu J, Ennis TL, Knispel R, Xiong W, Thompson RW, Baxter BT,
Shi GP. Mast cells modulate the pathogenesis of elastase-induced abdomi-
nal aortic aneurysms in mice. J Clin Invest. 2007;117:3359-3368. doi:
10.1172/JCI31311.

Sun J, Zhang J, Lindholt JS, Sukhova GK, Liu J, He A, Abrink M,
Pejler G, Stevens RL, Thompson RW, Ennis TL, Gurish MF, Libby
P, Shi GP. Critical role of mast cell chymase in mouse abdominal aor-
tic aneurysm formation. Circulation. 2009;120:973-982. doi: 10.1161/
CIRCULATIONAHA.109.849679.

Lv BJ, Lindholt JS, Wang J, Cheng X, Shi GP. Plasma levels of cathepsins
L, K, and V and risks of abdominal aortic aneurysms: a randomized pop-
ulation-based study. Atherosclerosis. 2013;230:100-105. doi: 10.1016/j.
atherosclerosis.2013.05.018.

Liu CL, Wang Y, Liao M, et al. Allergic lung inflammation aggravates
angiotensin II-induced abdominal aortic aneurysms in mice. Arterioscler
Thromb Vasc Biol. 2016;36:69-77. doi: 10.1161/ATVBAHA.115.305911.
Cornfield DN. Developmental regulation of oxygen sensing and ion chan-
nels in the pulmonary vasculature. Adv Exp Med Biol. 2010;661:201-220.
doi: 10.1007/978-1-60761-500-2_13.

Imanishi M, Chiba Y, Tomita N, Matsunaga S, Nakagawa T, Ueno M,
Yamamoto K, Tamaki T, Tomita S. Hypoxia-inducible factor-la in
smooth muscle cells protects against aortic aneurysms-brief report.
Arterioscler Thromb Vasc Biol. 2016;36:2158-2162. doi: 10.1161/
ATVBAHA.116.307784.

Recent Highlights of ATVB: Aortic Aneurysms

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

e63

Pittenger MF, Mackay AM, Beck SC, Jaiswal RK, Douglas R, Mosca JD,
Moorman MA, Simonetti DW, Craig S, Marshak DR. Multilineage poten-
tial of adult human mesenchymal stem cells. Science. 1999;284:143-147.
Sharma AK, Lu G, Jester A, Johnston WF, ZhaoY, Hajzus VA, Saadatzadeh
MR, Su G, Bhamidipati CM, Mehta GS, Kron IL, Laubach VE, Murphy
MP, Ailawadi G, Upchurch GR Jr. Experimental abdominal aortic aneu-
rysm formation is mediated by IL-17 and attenuated by mesenchymal
stem cell treatment. Circulation. 2012;126(11 suppl 1):S38-S45. doi:
10.1161/CIRCULATIONAHA.111.083451.

Sharma AK, Salmon MD, Lu G, Su G, Pope NH, Smith JR, Weiss ML,
Upchurch GR Jr. Mesenchymal stem cells attenuate NADPH oxidase-
dependent high mobility group box 1 production and inhibit abdominal
aortic aneurysms. Arterioscler Thromb Vasc Biol. 2016;36:908-918. doi:
10.1161/ATVBAHA.116.307373.

Bhatt DL, Topol EJ. Scientific and therapeutic advances in antiplatelet
therapy. Nat Rev Drug Discov. 2003;2:15-28. doi: 10.1038/nrd985.

Dai J, Louedec L, Philippe M, Michel JB, Houard X. Effect of block-
ing platelet activation with AZD6140 on development of abdominal aortic
aneurysm in a rat aneurysmal model. J Vasc Surg. 2009;49:719-727. doi:
10.1016/j.jvs.2008.09.057.

Touat Z, Ollivier V, Dai J, Huisse MG, Bezeaud A, Sebbag U, Palombi
T, Rossignol P, Meilhac O, Guillin MC, Michel JB. Renewal of mural
thrombus releases plasma markers and is involved in aortic abdominal
aneurysm evolution. Am J Pathol. 2006;168:1022-1030. doi: 10.2353/
ajpath.2006.050868.

Liu O, Jia L, Liu X, Wang Y, Wang X, QinY, Du J, Zhang H. Clopidogrel,
a platelet P2Y12 receptor inhibitor, reduces vascular inflammation and
angiotensin II induced-abdominal aortic aneurysm progression. PLoS
One. 2012;7:¢51707. doi: 10.1371/journal.pone.0051707.

Owens AP 3rd, Edwards TL, Antoniak S, Geddings JE, Jahangir E, Wei
WQ, Denny JC, Boulaftali Y, Bergmeier W, Daugherty A, Sampson UK,
Mackman N. Platelet Inhibitors Reduce Rupture in a Mouse Model of
Established Abdominal Aortic Aneurysm. Arterioscler Thromb Vasc Biol.
2015;35:2032-2041. doi: 10.1161/ATVBAHA.115.305537.

Wang KC, Li YH, Shi GY, Tsai HW, Luo CY, Cheng MH, Ma CY, Hsu
YY, Cheng TL, Chang BI, Lai CH, Wu HL. Membrane-bound thrombo-
modulin regulates macrophage inflammation in abdominal aortic aneu-
rysm. Arterioscler Thromb Vasc Biol. 2015;35:2412-2422. doi: 10.1161/
ATVBAHA.115.305529.

Lohoefer F, Reeps C, Lipp C, Rudelius M, Haertl F, Matevossian E,
Zernecke A, Eckstein HH, Pelisek J. Quantitative expression and localiza-
tion of cysteine and aspartic proteases in human abdominal aortic aneu-
rysms. Exp Mol Med. 2014;46:¢95. doi: 10.1038/emm.2014.20.
Subramanian V, Uchida HA, Tjaz T, Moorleghen JJ, Howatt DA,
Balakrishnan A. Calpain inhibition attenuates angiotensin II-induced
abdominal aortic aneurysms and atherosclerosis in low-density lipopro-
tein receptor-deficient mice. J Cardiovasc Pharmacol. 2012;59:66-76.
doi: 10.1097/FJC.0b013e318235d5¢a.

Subramanian V, Moorleghen JJ, Balakrishnan A, Howatt DA, Chishti AH,
Uchida HA. Calpain-2 compensation promotes angiotensin II-induced
ascending and abdominal aortic aneurysms in calpain-1 deficient mice.
PLoS One. 2013;8:¢72214. doi: 10.1371/journal.pone.0072214.

Howatt DA, Balakrishnan A, Moorleghen JJ, Muniappan L, Rateri DL,
Uchida HA, Takano J, Saido TC, Chishti AH, Baud L, Subramanian V.
Leukocyte calpain deficiency reduces angiotensin II-induced inflammation
and atherosclerosis but not abdominal aortic aneurysms in mice. Arterioscler
Thromb Vasc Biol. 2016;36:835-845. doi: 10.1161/ATVBAHA.116.307285.
Mitra SK, Mikolon D, Molina JE, Hsia DA, Hanson DA, Chi A, Lim ST,
Bernard-Trifilo JA, Ilic D, Stupack DG, Cheresh DA, Schlaepfer DD. Intrinsic
FAK activity and Y925 phosphorylation facilitate an angiogenic switch in
tumors. Oncogene. 2006;25:5969-5984. doi: 10.1038/sj.onc.1209588.
Harada T, Yoshimura K, Yamashita O, Ueda K, Morikage N, Sawada Y,
Hamano K. Focal adhesion kinase promotes the progression of aortic
aneurysm by modulating macrophage behavior. Arterioscler Thromb Vasc
Biol. 2017;37:156-165. doi: 10.1161/ATVBAHA.116.308542.

Zheng L, Xing L, Zeng C, Wu T, Gui Y, Li W, Lan T, Yang Y, Gu Q, Qi
C, Zhang Q, Tang F, He X, Wang L. Inactivation of PI3Kd induces vas-
cular injury and promotes aneurysm development by upregulating the
AP-1/MMP-12 pathway in macrophages. Arterioscler Thromb Vasc Biol.
2015;35:368-377. doi: 10.1161/ATVBAHA.114.304365.

Emeto TI, Moxon JV, Au M, Golledge J. Oxidative stress and abdomi-
nal aortic aneurysm: potential treatment targets. Clin Sci (Lond).
2016;130:301-315. doi: 10.1042/CS20150547.

Yan YF, Pei JF, Zhang Y, Zhang R, Wang F, Gao P, Zhang ZQ, Wang TT,
She ZG, Chen HZ, Liu DP. The paraoxonase gene cluster protects against



6TOZ ‘TT 1snfny uo Aq Bio'seuinofeye//:duy wo.y papeojumoq

e64

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

Arterioscler Thromb Vasc Biol June 2017

abdominal aortic aneurysm formation. Arterioscler Thromb Vasc Biol.
2017;37:291-300. doi: 10.1161/ATVBAHA.116.308684.

Wang Y, Ait-Oufella H, Herbin O, Bonnin P, Ramkhelawon B, Taleb S,
Huang J, Offenstadt G, Combadiére C, Rénia L, Johnson JL, Tharaux
PL, Tedgui A, Mallat Z. TGF-beta activity protects against inflam-
matory aortic aneurysm progression and complications in angioten-
sin II-infused mice. J Clin Invest. 2010;120:422-432. doi: 10.1172/
JCI38136.

Chen X, Rateri DL, Howatt DA, Balakrishnan A, Moorleghen JJ, Cassis
LA, Daugherty A. TGF-§ neutralization enhances Angll-induced aortic
rupture and aneurysm in both thoracic and abdominal regions. PLoS One.
2016;11:e0153811. doi: 10.1371/journal.pone.0153811.

Krishna SM, Seto SW, Jose RJ, Biros E, Moran CS, Wang Y, Clancy P,
Golledge J. A peptide antagonist of thrombospondin-1 promotes abdomi-
nal aortic aneurysm progression in the angiotensin II-infused apolipopro-
tein-E-deficient mouse. Arterioscler Thromb Vasc Biol. 2015;35:389-398.
doi: 10.1161/ATVBAHA.114.304732.

van der Westhuyzen DR, de Beer FC, Webb NR. HDL cholesterol trans-
port during inflammation. Curr Opin Lipidol. 2007;18:147-151. doi:
10.1097/MOL.0b013e32805 1 b4fe.

Webb NR, De Beer MC, Wroblewski JM, Ji A, Bailey W, Shridas P,
Charnigo RJ, Noffsinger VP, Witta J, Howatt DA, Balakrishnan A, Rateri
DL, Daugherty A, De Beer FC. Deficiency of endogenous acute-phase
serum amyloid A protects apoE-/- mice from angiotensin II-induced
abdominal aortic aneurysm formation. Arterioscler Thromb Vasc Biol.
2015;35:1156-1165. doi: 10.1161/ATVBAHA.114.304776.

Moran CS, Rush CM, Dougan T, Jose RJ, Biros E, Norman PE, Gera L,
Golledge J. Modulation of kinin B2 receptor signaling controls aortic dila-
tation and rupture in the angiotensin II-infused apolipoprotein E-deficient
mouse. Arterioscler Thromb Vasc Biol. 2016;36:898-907. doi: 10.1161/
ATVBAHA.115.306945.

Lu WW, Jia LX, Ni XQ, Zhao L, Chang JR, Zhang JS, Hou YL, Zhu Y,
Guan YF, Yu YR, Du J, Tang CS, Qi YF. Intermedin1-53 attenuates abdom-
inal aortic aneurysm by inhibiting oxidative stress. Arterioscler Thromb
Vasc Biol. 2016;36:2176-2190. doi: 10.1161/ATVBAHA.116.307825.
Martorell S, Hueso L, Gonzalez-Navarro H, Collado A, Sanz MJ, Piqueras
L. Vitamin D receptor activation reduces angiotensin-Il-induced dis-
secting abdominal aortic aneurysm in apolipoprotein E-knockout mice.
Arterioscler Thromb Vasc Biol. 2016;36:1587-1597. doi: 10.1161/
ATVBAHA.116.307530.

Sawada H, Hao H, Naito Y, Oboshi M, Hirotani S, Mitsuno M, Miyamoto
Y, Hirota S, Masuyama T. Aortic iron overload with oxidative stress
and inflammation in human and murine abdominal aortic aneurysm.
Arterioscler Thromb Vasc Biol. 2015;35:1507-1514. doi: 10.1161/
ATVBAHA.115.305586.

Deng GG, Martin-McNulty B, Sukovich DA, Freay A, Halks-Miller M,
Thinnes T, Loskutoff DJ, Carmeliet P, Dole WP, Wang YX. Urokinase-
type plasminogen activator plays a critical role in angiotensin II-induced
abdominal aortic aneurysm. Circ Res. 2003;92:510-517. doi: 10.1161/01.
RES.0000061571.49375.E1.

King VL, Trivedi DB, Gitlin JM, Loftin CD. Selective cyclooxygenase-2
inhibition with celecoxib decreases angiotensin II-induced abdomi-
nal aortic aneurysm formation in mice. Arterioscler Thromb Vasc Biol.
2006;26:1137-1143. doi: 10.1161/01.ATV.0000216119.79008.ac.

Uchida HA, Poduri A, Subramanian V, Cassis LA, Daugherty A.
Urokinase-type plasminogen activator deficiency in bone marrow-derived
cells augments rupture of angiotensin II-induced abdominal aortic aneu-
rysms. Arterioscler Thromb Vasc Biol. 2011;31:2845-2852. doi: 10.1161/
ATVBAHA.111.234997.

Liu J, Lu H, Howatt DA, Balakrishnan A, Moorleghen JJ, Sorci-Thomas
M, Cassis LA, Daugherty A. Associations of ApoAl and ApoB-containing
lipoproteins with Angll-induced abdominal aortic aneurysms in mice.
Arterioscler Thromb Vasc Biol. 2015;35:1826-1834. doi: 10.1161/
ATVBAHA.115.305482.

Daugherty A, Tabas I, Rader DJ. Accelerating the pace of atherosclerosis
research. Arterioscler Thromb Vasc Biol. 2015;35:11-12. doi: 10.1161/
ATVBAHA.114.304833.

Somanathan S, Jacobs F, Wang Q, Hanlon AL, Wilson JM, Rader DJ. AAV
vectors expressing LDLR gain-of-function variants demonstrate increased
efficacy in mouse models of familial hypercholesterolemia. Circ Res.
2014;115:591-599. doi: 10.1161/CIRCRESAHA.115.304008.

Bjorklund MM, Hollensen AK, Hagensen MK, Dagnaes-Hansen F,
Christoffersen C, Mikkelsen JG, Bentzon JE. Induction of atherosclero-
sis in mice and hamsters without germline genetic engineering. Circ Res.
2014;114:1684-1689. doi: 10.1161/CIRCRESAHA.114.302937.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

Roche-Molina M, Sanz-Rosa D, Cruz FM, Garcia-Prieto J, Lopez S,
Abia R, Muriana FJ, Fuster V, Ibafiez B, Bernal JA. Induction of sus-
tained hypercholesterolemia by single adeno-associated virus-medi-
ated gene transfer of mutant hPCSK9. Arterioscler Thromb Vasc Biol.
2015;35:50-59. doi: 10.1161/ATVBAHA.114.303617.

Goettsch C, Hutcheson JD, Hagita S, Rogers MA, Creager MD, Pham
T, Choi J, Mlynarchik AK, Pieper B, Kjolby M, Aikawa M, Aikawa E.
A single injection of gain-of-function mutant PCSK9 adeno-associated
virus vector induces cardiovascular calcification in mice with no genetic
modification. Atherosclerosis. 2016;251:109-118. doi: 10.1016/j.
atherosclerosis.2016.06.011.

Lu H, Howatt DA, Balakrishnan A, Graham MJ, Mullick AE, Daugherty
A. Hypercholesterolemia induced by a PCSK9 gain-of-function
mutation augments angiotensin Il-induced abdominal aortic aneu-
rysms in C57BL/6 mice-brief report. Arterioscler Thromb Vasc Biol.
2016;36:1753-1757. doi: 10.1161/ATVBAHA.116.307613.
Yamanouchi D, Morgan S, Stair C, Seedial S, Lengfeld J, Kent KC,
Liu B. Accelerated aneurysmal dilation associated with apoptosis and
inflammation in a newly developed calcium phosphate rodent abdominal
aortic aneurysm model. J Vasc Surg. 2012;56:455-461. doi: 10.1016/j.
jvs.2012.01.038.

Takei Y, Tanaka T, Kent KC, Yamanouchi D. Osteoclastogenic dif-
ferentiation of macrophages in the development of abdominal aortic
aneurysms. Arterioscler Thromb Vasc Biol. 2016;36:1962-1971. doi:
10.1161/ATVBAHA.116.307715.

Senzaki H. Long-term outcome of Kawasaki disease. Circulation.
2008;118:2763-2772. doi: 10.1161/CIRCULATIONAHA.107.749515.
Shulman ST, Rowley AH. Kawasaki disease: insights into pathogenesis
and approaches to treatment. Nat Rev Rheumatol. 2015;11:475-482.
doi: 10.1038/nrrheum.2015.54.

Lehman TJ, Walker SM, Mahnovski V, McCurdy D. Coronary arteritis
in mice following the systemic injection of group B Lactobacillus casei
cell walls in aqueous suspension. Arthritis Rheum. 1985;28:652-659.
Schulte DJ, Yilmaz A, Shimada K, Fishbein MC, Lowe EL, Chen S,
Wong M, Doherty TM, Lehman T, Crother TR, Sorrentino R, Arditi M.
Involvement of innate and adaptive immunity in a murine model of coro-
nary arteritis mimicking Kawasaki disease. J Immunol. 2009;183:5311—
5318. doi: 10.4049/jimmunol.0901395.

Wakita D, Kurashima Y, Crother TR, et al. Role of interleukin-1 sig-
naling in a mouse model of Kawasaki disease-associated abdominal
aortic aneurysm. Arterioscler Thromb Vasc Biol. 2016;36:886-897. doi:
10.1161/ATVBAHA.115.307072.

He R, Guo DC, Sun W, Papke CL, Duraisamy S, Estrera AL, Safi
HJ, Ahn C, Buja LM, Arnett FC, Zhang J, Geng YJ, Milewicz DM.
Characterization of the inflammatory cells in ascending thoracic aor-
tic aneurysms in patients with Marfan syndrome, familial thoracic
aortic aneurysms, and sporadic aneurysms. J Thorac Cardiovasc Surg.
2008;136:922-9, 929.e1. doi: 10.1016/j.jtcvs.2007.12.063.

Daugherty A, Chen Z, Sawada H, Rateri DL, Sheppard MB.
Transforming growth factor-beta in thoracic aortic aneurysms: good,
bad, or irrelevant? J Am Heart Assoc. 2017,6:eDD5221.

Verstraeten A, Alaerts M, Van Laer L, Loeys B. Marfan syndrome and
related disorders: 25 years of gene discovery. Hum Mutat. 2016;37:524—
531. doi: 10.1002/humu.22977.

Milewicz DM, Dietz HC, Miller DC. Treatment of aortic disease in
patients with Marfan syndrome. Circulation. 2005;111:¢150-e157. doi:
10.1161/01.CIR.0000155243.70456.F4.

Lindsay ME, Dietz HC. Lessons on the pathogenesis of aneurysm
from heritable conditions. Nature. 2011;473:308-316. doi: 10.1038/
nature10145.

Gallo EM, Loch DC, Habashi JP, et al. Angiotensin II-dependent TGF-3
signaling contributes to Loeys-Dietz syndrome vascular pathogenesis.
J Clin Invest. 2014;124:448-460. doi: 10.1172/JCI69666.

Siu SC, Silversides CK. Bicuspid aortic valve disease. J Am Coll
Cardiol. 2010;55:2789-2800. doi: 10.1016/j.jacc.2009.12.068.
Girdauskas E, Borger MA, Secknus MA, Girdauskas G, Kuntze T. Is aortop-
athy in bicuspid aortic valve disease a congenital defect or a result of abnor-
mal hemodynamics? A critical reappraisal of a one-sided argument. Eur J
Cardiothorac Surg. 2011;39:809-814. doi: 10.1016/j.ejcts.2011.01.001.
Paloschi V, Gadin JR, Khan S, Bjorck HM, Du L, Maleki S, Roy
J, Lindeman JH, Mohamed SA, Tsuda T, Franco-Cereceda A,
Eriksson P. Aneurysm development in patients with a bicuspid aor-
tic valve is not associated with transforming growth factor-f3 activa-
tion. Arterioscler Thromb Vasc Biol. 2015;35:973-980. doi: 10.1161/
ATVBAHA.114.304996.



6TOZ ‘TT 1snfny uo Aq Bio'seuinofeye//:duy wo.y papeojumoq

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

Lu and Daugherty

Judge DP, Biery NJ, Keene DR, Geubtner J, Myers L, Huso DL, Sakai
LY, Dietz HC. Evidence for a critical contribution of haploinsuffi-
ciency in the complex pathogenesis of Marfan syndrome. J Clin Invest.
2004;114:172—-181. doi: 10.1172/JCT20641.

Pereira L, Lee SY, Gayraud B, Andrikopoulos K, Shapiro SD, Bunton
T, Biery NJ, Dietz HC, Sakai LY, Ramirez F. Pathogenetic sequence for
aneurysm revealed in mice underexpressing fibrillin-1. Proc Natl Acad
Sci U S A. 1999;96:3819-3823.

Habashi JP, Judge DP, Holm TM, et al. Losartan, an AT1 antagonist, pre-
vents aortic aneurysm in a mouse model of Marfan syndrome. Science.
2006;312:117-121. doi: 10.1126/science.1124287.

Crosas-Molist E, Meirelles T, Lopez-Luque J, et al. Elevated expression
levels of lysyl oxidases protect against aortic aneurysm progression in
Marfan syndrome. Arterioscler Thromb Vasc Biol. 2015;35:960-972.
Habashi JP, Doyle JJ, Holm TM, Aziz H, Schoenhoft F, Bedja D, Chen
Y, Modiri AN, Judge DP, Dietz HC. Angiotensin II type 2 receptor sig-
naling attenuates aortic aneurysm in mice through ERK antagonism.
Science. 2011;332:361-365. doi: 10.1126/science.1192152.

Cook JR, Clayton NP, Carta L, Galatioto J, Chiu E, Smaldone S, Nelson CA,
Cheng SH, Wentworth BM, Ramirez F. Dimorphic effects of transforming
growth factor-f3 signaling during aortic aneurysm progression in mice sug-
gest a combinatorial therapy for Marfan syndrome. Arterioscler Thromb
Vasc Biol. 2015;35:911-917. doi: 10.1161/ATVBAHA.114.305150.
Emrich FC, Okamura H, Dalal AR, et al. Enhanced caspase activity con-
tributes to aortic wall remodeling and early aneurysm development in
a murine model of Marfan syndrome. Arterioscler Thromb Vasc Biol.
2015;35:146-154. doi: 10.1161/ATVBAHA.114.304364.

Hibender S, Franken R, van Roomen C, Ter Braake A, van der Made
I, Schermer EE, Gunst Q, van den Hoff MJ, Lutgens E, Pinto YM,
Groenink M, Zwinderman AH, Mulder BJ, de Vries CJ, de Waard V.
Resveratrol inhibits aortic root dilatation in the Fbn1C1039G/+ Marfan
mouse model. Arterioscler Thromb Vasc Biol. 2016;36:1618-1626. doi:
10.1161/ATVBAHA.116.307841.

Cannaerts E, van de Beek G, Verstraeten A, Van Laer L, Loeys B. TGF-
{ signalopathies as a paradigm for translational medicine. Eur J Med
Genet. 2015;58:695-703. doi: 10.1016/j.ejmg.2015.10.010.

Wei H, Hu JH, Angelov SN, Fox K, Ysan J, Enstrom R, Smith A,
Dichek DA. Aortopathy in a mouse model of Marfan syndrome is not
mediated by altered transforming growth factor beta signaling. JAHA.
2017;6:eDD4968.

Lindsay ME, Schepers D, Bolar NA, et al. Loss-of-function mutations in
TGFB2 cause a syndromic presentation of thoracic aortic aneurysm. Nat
Genet. 2012;44:922-927. doi: 10.1038/ng.2349.

LiW, Li Q, Jiao Y, Qin L, Ali R, Zhou J, Ferruzzi J, Kim RW, Geirsson
A, Dietz HC, Offermanns S, Humphrey JD, Tellides G. Tgfbr2 disrup-
tion in postnatal smooth muscle impairs aortic wall homeostasis. J Clin
Invest. 2014;124:755-767. doi: 10.1172/JCI69942.

Hu JH, Wei H, Jaffe M, Airhart N, Du L, Angelov SN, Yan J, Allen JK,
Kang I, Wight TN, Fox K, Smith A, Enstrom R, Dichek DA. Postnatal
deletion of the type II transforming growth factor-f§ receptor in smooth
muscle cells causes severe aortopathy in mice. Arterioscler Thromb Vasc
Biol. 2015;35:2647-2656. doi: 10.1161/ATVBAHA.115.306573.

Recent Highlights of ATVB: Aortic Aneurysms

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

e65

Ferruzzi J, Murtada SI, Li G, Jiao Y, Uman S, Ting MY, Tellides G,
Humphrey JD. Pharmacologically improved contractility protects
against aortic dissection in mice with disrupted transforming growth
factor-f§ signaling despite compromised extracellular matrix proper-
ties. Arterioscler Thromb Vasc Biol. 2016;36:919-927. doi: 10.1161/
ATVBAHA.116.307436.

Yang P, Schmit BM, Fu C, DeSart K, Oh SP, Berceli SA, Jiang Z. Smooth
muscle cell-specific Tgfbrl deficiency promotes aortic aneurysm forma-
tion by stimulating multiple signaling events. Sci Rep. 2016;6:35444.
doi: 10.1038/srep35444.

Daugherty A, Rateri DL, Charo IF, Owens AP, Howatt DA, Cassis
LA. Angiotensin II infusion promotes ascending aortic aneurysms:
attenuation by CCR2 deficiency in apoE-/- mice. Clin Sci (Lond).
2010;118:681-689. doi: 10.1042/CS20090372.

Shen M, Lee J, Basu R, Sakamuri SS, Wang X, Fan D, Kassiri Z.
Divergent roles of matrix metalloproteinase 2 in pathogenesis of tho-
racic aortic aneurysm. Arterioscler Thromb Vasc Biol. 2015;35:888—
898. doi: 10.1161/ATVBAHA.114.305115.

Trachet B, Piersigilli A, Fraga-Silva RA, Aslanidou L, Sordet-Dessimoz
J, Astolfo A, Stampanoni MF, Segers P, Stergiopulos N. Ascending
aortic aneurysm in angiotensin II-infused mice: formation, progres-
sion, and the role of focal dissections. Arterioscler Thromb Vasc Biol.
2016;36:673-681. doi: 10.1161/ATVBAHA.116.307211.

Rateri DL, Davis FM, Balakrishnan A, Howatt DA, Moorleghen JJ,
O’Connor WN, Charnigo R, Cassis LA, Daugherty A. Angiotensin II
induces region-specific medial disruption during evolution of ascending
aortic aneurysms. Am J Pathol. 2014;184:2586-2595. doi: 10.1016/j.
ajpath.2014.05.014.

Ren W, Liu Y, Wang X, Jia L, Piao C, Lan F, Du J. -Aminopropionitrile
monofumarate induces thoracic aortic dissection in C57BL/6 mice. Sci
Rep. 2016;6:28149. doi: 10.1038/srep28149.

Ikonomidis JS, Gibson WC, Gardner J, Sweterlitsch S, Thompson RP,
Mukherjee R, Spinale FG. A murine model of thoracic aortic aneurysms.
J Surg Res. 2003;115:157-163.

Rateri DL, Moorleghen JJ, Balakrishnan A, Owens AP 3rd, Howatt
DA, Subramanian V, Poduri A, Charnigo R, Cassis LA, Daugherty A.
Endothelial cell-specific deficiency of Ang II type la receptors attenu-
ates Ang II-induced ascending aortic aneurysms in LDL receptor-/- mice.
Circ Res.2011;108:574-581. doi: 10.1161/CIRCRESAHA.110.222844.
Rateri DL, Moorleghen JJ, Knight V, Balakrishnan A, Howatt DA,
Cassis LA, Daugherty A. Depletion of endothelial or smooth muscle
cell-specific angiotensin II type la receptors does not influence aortic
aneurysms or atherosclerosis in LDL receptor deficient mice. PLoS One.
2012;7:e51483. doi: 10.1371/journal.pone.0051483.

Davis FM, Rateri DL, Balakrishnan A, Howatt DA, Strickland DK,
Muratoglu SC, Haggerty CM, Fornwalt BK, Cassis LA, Daugherty A.
Smooth muscle cell deletion of low-density lipoprotein receptor-related
protein 1 augments angiotensin II-induced superior mesenteric arte-
rial and ascending aortic aneurysms. Arterioscler Thromb Vasc Biol.
2015;35:155-162. doi: 10.1161/ATVBAHA.114.304683.

‘Worps: aortic aneurysms ® humans ® mice





