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SYMPOSIuM

The Future is Now: Frontiers on Display at
Yale-NAVBO Cardiovascular Inflammation and
Remodeling Symposium 2014
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Earlier this year, 200 researchers from across the globe gathered at the Omni New Haven
Hotel at Yale university in New Haven, Connecticut, for 3 days of talks from 30 of the lead-
ing pioneers in modern cardiovascular medicine. From May 8 to 10, 2014, scientists dis-
cussed and dissected topics ranging from the clinical treatment of atherosclerosis to the
molecular biology of leukocyte-endothelial cell interactions. With other sessions exploring
vascular malformation and aneurysm, hypertension, the endothelial-mesenchymal transition
(endo-MT†), and the role of metabolism in cardiovascular disease, conference participants
gained striking insights into rapid advances and ongoing challenges in the field of cardio-
vascular inflammation and remodeling. 
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INTRODuCTION

Begun in 2013 as a new collaboration
between the North American Vascular Biol-
ogy Organization (NAVBO) and Yale Uni-
versity, the annual Yale-NAVBO symposium
in cardiovascular medicine has rapidly de-
veloped into one of the cornerstones of the
world of cardiology. This year, the focus of
the conference was on cardiovascular in-
flammation and remodeling, with keynote
addresses given by Hal Dietz of Johns Hop-
kins University and Zoltan Arany of Harvard
University. Invited speakers included many
Yale faculty, as well as speakers from across
North America and as far as Germany and
India. Invoking disease models from hyper-
tension to peripartum cardiomyopathy, the
conference highlighted the critical role of
cardiovascular health in both longevity and
quality of life and underlined the fact that de-
spite significant and ongoing advances
across the spectrum from bench to bedside,
much still remains to be done.

TOpICS

Atherosclerosis
Renu Virmani, from the CVPath Institute

in Maryland, began the atherosclerosis section
with insights from histopathology, focusing on
the differences between atherosclerotic
plaques that are progressive as compared to
those that are not, wherein plaque cap compo-
sition and the pattern of calcification predict
progression. Virmani further contrasted “pos-
itive remodeling,” a process associated with
acute plaque rupture, with “negative remodel-
ing,” a process leading to chronic total occlu-
sion, and correlated these with distinct patterns
of calcification described in plaques [1].

Moving from the pathology to the mo-
lecular biology of atherosclerosis, Mukesh
Jain of Case Western Reserve University
gave an overview of the Krüppel-like factor
(KLF) family of transcription factors as they
relate to cardiovascular inflammation and
vascular function. The KLFs regulate sys-
temic metabolic homeostasis, mediate statin-
enhanced nitric oxide production, and by

competing with NFκB for coactivators, they
oppose inflammatory pathways to control the
phenotype of the vascular endothelium [2,3].
Later in the session, Laura Shankman pre-
sented smooth muscle cell lineage tracing
data showing that KLF4 represses smooth
muscle cell marker genes — a component of
a transition to a macrophage-like state [4]. 

Carlos Fernandez-Hernando of Yale dis-
cussed the vascular phenotypes of Akt1,
Akt2, and Akt3 knockout mice. Deletion of
Akt1 in mice results in one of the few murine
models of spontaneous myocardial infarction,
enhancing lesion progression when combined
with the well-known ApoE knockout [5].

Paul Ridker of Brigham and Women’s
Hospital highlighted current clinical trials that
aim to reduce cardiovascular inflammation.
Prefacing an overview of current and recent
cardiovascular clinical trials involving inflam-
matory modulation, Ridker summarized cur-
rent evidence of the links between
inflammation and cardiovascular events. Both
high-sensitivity C-reactive protein (hsCRP) and
interleukin-6 (IL-6) are independent predictors
of events, and the magnitude of independent
risk conferred by higher levels of inflammation
is now recognized as being at least as great as
that conferred by blood pressure and lipids. The
formal test of inflammatory atherthrombosis
will be the highly anticipated Canakinumab
Anti-Inflammatory Thrombosis Outcomes
Study (CANTOS) trial of antibody-mediated
IL1β blockade, with phase II trial data show-
ing significant reduction in inflammation with-
out major changes in lipid profile [6,7].

Endothelial-Mesenchymal Transition
(endo-MT)

Raghu Kalluri of Beth Israel Deaconess
Medical Center opened the endo-MT session
with a look at the role of endothelial to mes-
enchymal transition (endo-MT) in vascular
development and pathology. Kalluri discov-
ered that endo-MT — specifically, the emer-
gence of fibroblasts from endothelial cells —
is a key contributor to cardiac fibrosis. The
transition, Kalluri found, is induced by TGF-
β1 and requires SMAD3. These insights may
one day make it possible to develop specific
anti-fibrotic therapies [8].
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Michael Simons of Yale began by not-
ing that continuous FGF expression is re-
quired for maintenance of the normal
vasculature. Fibroblast growth factor (FGF),
Simons observed, had previously been
shown to inhibit TGF-β signaling in several
different contexts. But what was the mecha-
nism of this inhibition and what was its func-
tional role? Using both in vitro and in vivo
systems, Simons demonstrated that FGF sup-
presses TGF-β signaling by modulating ex-
pression of the miRNA let-7. The functional
significance of this suppression, Simons
found, is that if FGF signaling is blocked
(e.g., by any of several key inflammatory cy-
tokines), let-7 levels fall dramatically, TGF-
β signaling increases, and endo-MT occurs,
contributing to neointima formation [9].

Hypertension and Pulmonary Hypertension

Jens Titze and David Harrison, both of
Vanderbilt University, gave conference par-
ticipants a detailed guide to the role of im-
mune cells in modulating hypertension.
Titze began by asking a key question: Does
the skin actually have a “kidney” function?
As Titze found, it does. Mononuclear phago-
cyte system cells are attracted by electrolyte
accumulation in the skin; in turn, these cells
initiate the expression and secretion of vas-
cular endothelial growth factor C (VEGF-
C), which triggers an increase in lymphatic
capillary density and ultimately enhances
electrolyte clearance. If this pathway is
blocked, high blood pressure may develop
[10]. Titze went on to describe the develop-
ment of an accurate, noninvasive clinical
assay for quantifying tissue sodium content
in patients: 23Na magnetic resonance imag-
ing (MRI). The improved interpretability of
this assay over previous methods (such as
serum or weight measurements) may have
significant clinical implications [11,12].

Harrison continued the conversation by
turning from macrophages to other immune
cells. Harrison discovered that downstream
of angiotensin II, superoxide production and
isoketal formation in dendritic cells can lead
to isoketal-modified proteins being pre-
sented as neoantigens. This in turn triggers a
chain of events that begins with T cell bind-

ing and activation and ultimately leads to
hypertension. Isoketal scavengers, which
would block this pathway, may thus repre-
sent a promising new class of drug for treat-
ing high blood pressure in patients [13].

Evangelos Michelakis, from the Univer-
sity of Alberta, began a session on pulmonary
hypertension, beginning with the general
metabolic basis of the disease and the history
of recognizing the disorder [14]. Focusing on
the mitochondria, Michelakis outlined a link
between metabolic dysregulation, metabolic
syndrome, and the pathologic remodeling of
pulmonary hypertension. Interestingly,
Michelakis reported that a novel treatment for
glioblastoma is in early trials for pulmonary
hypertension, as it reverses the pathologic re-
modeling by promoting mitochondria-in-
duced apoptosis [15].

Hyung Chun of Yale continued with the
discussion of emerging targets for the treat-
ment of pulmonary hypertension (PH), not-
ing that while all currently available therapies
are aimed at vasodilation, new therapies are
needed to address the hyper-proliferative as-
pect of the disease pathogenesis [16,17].
Chun presented data that a transcriptional
regulatory axis involving the transcription
factor myocyte enhancer factor-2 (MEF2)
and the transcriptionally repressive histone
deacetylases govern the expression of spe-
cific miRNAs that oppose smooth muscle
hyper-proliferation in an animal model. Ex-
tending from these findings, Chun showed
emerging data using animal models of PH
that a chemical inhibitor of class II histone
deacetylases (HDACs) can modulate these
molecular pathways to rescue pulmonary ar-
terial pressure and right ventricular function.

Continuing on the same topic, Ruben
Tuder of the University of Colorado at Den-
ver presented a mouse model utilizing shis-
tosomiasis and used the model to
demonstrate a role for signal transducer and
activator of transcription-6 (STAT6)-driven
TGF-β production in PH pathogenesis [18].

Leukocyte-Endothelial Cell (EC) 
Interactions

Jeffrey Bender of Yale kicked off the
leukocyte-EC session with a talk addressing
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the role of leukocyte integrin-dependent
modulation of inflammatory gene expres-
sion in vascular pathology. Downstream of
leukocyte integrin LFA-1 engagement, Ben-
der found, an induced Rac2-myosin IIA
complex triggers the activation of Hu pro-
tein R (HuR), which in turn leads to signifi-
cant stabilization of labile mRNAs. As
Bender noted, this process is relevant in
vivo: flow recovery is significantly impaired
during hind limb ischemia in mice with HuR
or myosin IIA deleted in macrophages [19].

Jordan Pober, also of Yale, continued
the session, noting that both endothelial
cells (which can also function as antigen-
presenting cells) and T cells play a critical
role in graft rejection. Focusing on T cell
transendothelial migration (TEM) down-
stream of T cell-endothelial cell binding,
Pober found that TCR-driven TEM, but not
chemokine-driven TEM, requires Vav, Rac,
and myosin IIA activation downstream of
zeta chain-associated protein kinase-70
(ZAP-70). Given the role of TCR-driven
TEM in initiating inflammatory responses,
it may be possible to exploit the differences
between TCR-driven and chemokine-driven
TEM to prevent graft rejection without in-
discriminately suppressing the entire im-
mune system [20].

William Muller of Northwestern Uni-
versity further examined leukocyte transmi-
gration, observing that both paracellular and
transcellular migration require targeted traf-
ficking of endothelial lateral border recy-
cling compartment (LBRC) membrane.
Muller identified both platelet endothelial
cell adhesion molecule (PECAM) and CD99
as critical components of the LBRC, help-
ing to stabilize leukocyte-endothelial cell
binding prior to transmigration [21]. Al-
though the intracellular tail of CD99 con-
tains no known signaling motifs, Muller
found that it is able to function by activating
PKA via soluble adenylyl cyclase [22].

Metabolism and Cardiovascular Disease

Lawrence Young of Yale began the me-
tabolism session by discussing inflammation
and metabolic disease in the ischemic heart,
directing attention toward the ability of adeno-

sine monophosphate (AMP)-activated protein
kinase in cardiac myocytes to protect against
ischemia-induced necrosis, apoptosis, and
contractile dysfunction. The topic then turned
to the metabolism of the adipocyte, with Ken-
neth Walsh of Boston University describing
adipose tissue as an endocrine organ.
Adipocytes secrete pro-inflammatory factors
that contribute to cardiovascular disease, but
more rarely, also produce cardiovascular-pro-
tective factors such as SFRP5 and adiponectin
[23]. The seemingly paradoxical decline in
adiponectin in obesity is due to a loss of
healthy brown fat — a shift characterized by
decreased adipose vascularity, decreased mi-
tochondria, and increased lipid content. Con-
versely, Walsh showed that induction of
brown adipose angiogenesis improves the sys-
temic metabolic defects associated with obe-
sity.

Robert Gerszten presented his group’s
expansive Massachusetts General Hospital
study of metabolic profiles in cardiometa-
bolic disease that combines genome-wide
association studies (GWAS) with mass spec-
trometry of metabolites in human tissue and
plasma [24]. Using these data together with
existing GWAS, such as that of metabolites
within the Framingham study, Gerszten and
his associates have identified new and novel
genes associated with particular disease-as-
sociated metabolites, or the metabolites as-
sociated with a specified gene of interest.

Vascular Malformation and Aneurysm

Three Yale professors, with a fourth
(Martin Schwartz) moderating, presented an
in-depth look at vascular malformation.
George Tellides began the session by exam-
ining the role of TGF-β in arterial home-
ostasis and inflammation. Noting that while
TGF-β is essential for normal vascular de-
velopment, it can also promote aneurysm
and dissection. Tellides underlined the diffi-
culty of drawing a clear line between “help-
ful” and “harmful” TGF-β. Using in vivo
mouse models, Tellides specifically ex-
plored whether, as suggested by pathology,
TGF-β signaling in smooth muscle cells pro-
motes aortic disease. Surprisingly, Tellides
found that the opposite was true: basal TGF-
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β signaling in smooth muscle actually im-
pedes disease progression [25].

Turning from TGF-β to one of its recep-
tors, Anne Eichmann described the autosomal
dominant genetic disorder hereditary hemor-
rhagic telangiectasia (HHT), a vascular disease
characterized by frequent and severe (some-
times even life-threatening) bleeding. Noting
that activin receptor-like kinase 1 (ALK1) is
inactivated in HHT patients, Eichmann metic-
ulously uncovered and characterized a direct
link between ALK1 and Notch signaling in
vascular morphogenesis, providing a potential
model for the pathogenesis of HHT [26].

Jay Humphrey rounded out the session by
highlighting the potential of mathematical
modeling in studying the role of thrombus in
aortic aneurysms, showing a close correlation
between numerical predictions and experi-
mental results in several different contexts.

KeYNOTe LeCTuRe: FOuND IN
TRANSLATION: New INSIghTS
INTO The pAThOgeNeSIS AND
TReATmeNT OF mARFAN SYNDROme
AND ReLATeD DISORDeRS

The keynote address given by Hal Dietz
of Johns Hopkins presented new avenues for
therapy of Marfan Syndrome and the related
Loeys-Dietz Syndrome. Highlighting nearly
3 decades of work on the pathogenesis of
these disorders, Dietz began with the 1991
identification of mutations in the gene FBN1,
then turned attention to the more recent de-
velopments in the molecular signaling de-
fects that arise from these mutations. Central
to his recent work is the observation that the
cardiovascular manifestations of Marfan
Syndrome come from defects in acute sig-
naling mediated by TGF-β, rather than from
a structural protein defect, opening the pos-
sibility of pharmacologic treatment of this
and other related diseases. In a mouse model
with a Marfan-like phenotype in the aorta,
TGF-β blocking antibodies or chemical in-
hibitors blocking the phosphorylation of the
downstream effector ERK each resulted in
phenotypic rescue. Drawing upon genetic
databases of Marfan Syndrome patients and
databases tracking other genetic determinates

of aortic aneurisms, calcium channel blocker
use was positively associated with aortic
aneurysm rates, with subsequent work
demonstrating a mechanism whereby TGF-β
acting through protein kinase C mediates this
susceptibility. In the case of Loeys-Dietz
Syndrome, Dietz showed that angiotensin II-
dependent TGF-β signaling contributes to the
aortic aneurysm and dissection pathogenesis,
with the clinically well-known angiotensin-II
receptor blocker losartan rescuing the phe-
notype [27]. Mutations in TGFβ2, TGFBR,
and SMAD3 have been identified as causing
Loeys-Dietz [28], and Dietz further pre-
sented newer data about loss-of-function mu-
tations identified through genetic linkage —
one in a miRNA and one in a protein that in-
hibits TGF-β — each resulting in aortic phe-
notypes in mouse models. Thus, the coupling
of clinical observations and genetic linkage
with experimental models has led to insights
both into the molecular pathogenesis of these
syndromes, as well as to guidance in their
pharmacological management.

KeYNOTe CALABReSI AwARD
LeCTuRe: TRAVeLS wITh pgC-1α

“Follow the data.” That was the mes-
sage emphasized throughout Zoltan Arany’s
energetic inaugural mid-career Calabresi
Award lecture describing a decade of work
on peroxisome proliferator-activated recep-
tor-gamma coactivator-1 alpha (PGC-1α). A
potent transcriptional coactivator often de-
scribed as a “master regulator” of cellular
energy metabolism in general and mito-
chondrial biogenesis in particular [29,30],
PGC-1α is actually a fairly recent evolu-
tionary addition, thought to function by co-
ordinating pre-existing biological programs.
One of these many programs is angiogene-
sis; as Arany noted, PGC-1α has been found
to regulate blood vessels independently of
hypoxia-inducible factor (HIF). Acting
through estrogen-related receptor alpha
(ERR-α), PGC-1α can powerfully upregu-
late the expression of VEGF, PDGF-B, and
angiopoietin 2, leading to robust induction
of angiogenesis in skeletal muscle in vivo
[31]. 
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Underlining the long reach of PGC-1α,
Arany went on to observe that certain
melanomas express elevated levels of PGC-
1α (up to 1,000 times baseline); these
melanomas display increased mitochondrial
metabolism and increased reactive oxygen
species (ROS) detoxification capacity [32].
Aside from increased metabolism and ROS
tolerance, however, PGC-1α-overexpressing
melanoma cells also turn black due to aug-
mented melanin production. Investigating
further, Arany found that this effect was di-
rectly caused by PGC-1α, which activates
melanin formation by inducing the microph-
thalmia-associated transcription factor
(MITF). In normal skin cells, PGC-1α func-
tions as a key regulator of human tanning,
serving as a link between the UV exposure-
induced secretion of α-MSH by keratinocytes
and pigment formation in melanocytes [33].

Finally, Arany turned to peripartum car-
diomyopathy (PPCM), a life-threatening
condition of unknown cause that occurs in
~1 in 2000 live births in previously healthy
women. A leading cause of modern mater-
nal mortality, PPCM is characterized by
heart failure due to left ventricular systolic
dysfunction [34,35]. Why, Arany asked,
does this particular form of dilated car-
diomyopathy only manifest in women, and
then only during or shortly after late preg-
nancy?

The answer, Arany found, is that there
are profound hormone changes in late preg-
nancy. At that stage, even in normal preg-
nancies, the placenta secretes a potent
systemic anti-angiogenic cocktail, with fac-
tors like soluble FLT1 sopping up free
VEGF in circulation. In normal pregnancies,
however, there are sufficient local pro-an-
giogenic defenses to guard against cardiac
dysfunction in the maternal heart. Using a
combination of cardiac-specific knockout
mice and human clinical samples, Arany
demonstrated that PGC-1α may play a criti-
cal role in defending against pregnancy-in-
duced anti-angiogenic factors and that
repressed expression of PGC-1α may be a
key cause underlying PPCM [36].

While many important questions about
PGC-1α remain open, as Arany admitted (for

example, why do PGC-1 knockout mice have
a mostly normal phenotype, including normal
numbers of mitochondria? Does PGC-1α
play a functional role in exercise-induced mi-
tochondrial biogenesis in skeletal muscle [37]
or is it actually dispensable [38]?), all in all,
Arany’s impressively productive decade
“travel[ing] with PGC-1α” strongly supports
his advice to just “follow the data” when it
comes to research.
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