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Abstract

Objective—Studies of mice with mild Marfan syndrome (MFS) have correlated the development
of thoracic aortic aneurysm (TAA) with improper stimulation of non-canonical (Erk-mediated)
TGFp signaling by the angiotensin type | receptor (AT1r). This correlation was largely based on
comparable TAA modifications by either systemic TGFp neutralization or AT1r antagonism.
However, subsequent investigations have called into question some key aspects of this mechanism
of arterial disease in MFS. To resolve these controversial points, here we made a head-to-head
comparison of the therapeutic benefits of TGFp neutralization and AT1r antagonism in mice with
progressively severe MFS (Fbn1MIR'MIR mice).

Approach and Results—Aneurysm growth, media degeneration, aortic levels of
phosphorylated Erk and Smad proteins and the average survival of Fbn1MRMIR mice were
compared after a ~3 month long treatment with placebo and either the AT1r antagonist losartan or
the TGFp neutralizing antibody 1D11. In contrast to the beneficial effect of losartan, TGFp
neutralization either exacerbated or mitigated TAA formation depending on whether treatment
was initiated before (post-natal day 16; P16) or after (P45) aneurysm formation, respectively.
Biochemical evidence related aneurysm growth with Erk-mediated AT1r signaling, and medial
degeneration with TGFp hyperactivity that was in part AT 1r-dependent. Importantly, P16-initiated
treatment with losartan combined with P45-initiated administration of 1D11 prevented death of
Fbn1MIRMIR mice from ruptured TAA.

Conclusions—BYy demonstrating that promiscuous AT1r and TGFp drive partially overlapping
processes of arterial disease in MFS mice, our study argues for a therapeutic strategy against TAA
that targets both signaling pathways while sparing the early protective role of TGFp.
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Introduction

Aortic aneurysms are life-threatening pathologies characterized by progressive vessel
dilation associated with smooth muscle cell (SMC) dysfunction, localized inflammatory
infiltrates and destructive (maladaptive) extracellular matrix (ECM) remodeling that
together predispose the aortic wall to tear (dissection) and rupture.l:2 In contrast to the
strong association of abdominal aortic aneurysm (AAA) with advanced age and a collection
of environmental risk factors, thoracic aortic aneurysm (TAA) shows high heritability often
accounted for by mutations in components of the ECM, cytoskeleton and TGFf signaling
cascade.12 Studies of mouse models of TAA and AAA have implicated the angiotensin 11
type | receptor (AT1r) in the etiology of both types of aneurysm, in addition to raising a
controversy about TGFp's role in arterial disease.® On the one hand, inhibition of TGFf
signaling with a pan-TGFp neutralizing antibody (TGFf-Nab) prevented TAA formation in
a mouse model of mild Marfan syndrome (MFS).# On the other hand, TGFB-Nab
administration exacerbated the pathology of angiotensin-induced AAA and TAA in mice
and conversely, TGFf overexpression stabilized the expansion of experimental AAA in
rats.>6

MFS is a relatively common disease of connective tissue caused by mutations that alter the
structure or impair the expression of the ECM component and TGFf modulator fibrillin-1.1
Two mouse models representing distinct degrees of MFS severity have been instrumental in
delineating the pathogenic mechanisms responsible for cardiovascular and musculoskeletal
abnormalities. The first mouse model (Fbn1C1039G/* mouse) produces equal amounts of
normal and abnormal fibrillin-1 and replicates the less commonly observed form of mild
MFS.” Chung et al.8 have reported that by 6 months of age more than 90% of Fbn1C1039G/+
mice developed TAA of variable severity, but only ~5% of them died of ruptured aortic
aneurysm by 8 months of age. The second mouse model (Fbn1™MIRMIR mice) produces
~20% of the normal amount of fibrillin-1 and replicates the more frequently diagnosed form
of early onset, progressively severe MFS.? In contrast to Fbn1€1039G/* mice, ruptured TAA
is a fully penetrant manifestation that leads to death of nearly all Fbon1M9R™IR mice within
the first year of life (average survival: 2.5 months of age).?

Prior analyses of Fbn1€1939G/* mice have shown that either systemic AT1r antagonism or
TGFB neutralization normalize aneurysm growth along with the levels of phosphorylated
(p)-Smad2 and p-Erk1/2.4 Even though AT1r and TGFB can both activate Smad2 and Erk1/2
proteins, this finding was interpreted as indirect evidence of AT1r-dependent stimulation of
canonical (Smad-mediated) and non-canonical (Erk-mediated) TGFp signaling.# Subsequent
experiments have suggested a prominent role of the non-canonical Erk1/2 pathway in TGFj3-
promoted arterial disease in Fbn1C1039G/+ mice 10 By contrast, studies of Fbon1MIRMIR mice
have implied that mechanisms other than improper AT1r activation stimulate promiscuous
TGFp signaling, as losartan administration mitigated but did not prevent ruptured TAA in

Arterioscler Thromb Vasc Biol. Author manuscript; available in PMC 2016 April 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Cook etal.

Page 3

this animal model of progressively severe MFS.11:12 While our study was being completed,
Li et al.13 have reported that genetic disruption of TGFB receptor 11 (Tgfbr2) in post-natal
SMCs of Fbn1C1039G/+ mice at 4 weeks of age increased the rate and degree of TAA and
aortic dissection.

In the original study of Fbn1C1039G/+ mice, losartan and TGFp-Nab dosing occurred for
vastly different periods of time and treatment efficacy was assessed at different ages.* To
correct these disparities, here we employed the same treatment protocol to compare and
contrast the impact of TGFB vs. AT1r inhibition on TAA progression and survival of
Fbn1MIRMIR mice. Similar to prior studies with Fbn1C€1039G/* mice 410 we also examined
the relative levels of p-Erk1/2 and p-Smad2 as surrogate molecular readouts of treatment
efficacy. The results of our experiments expose the complexity associated with TGF
inhibition in the diseased aorta, reconcile the existing controversy concerning TGFf's role in
aortic aneurysms, exclude a strict dependence of TGFp over-activation on AT1r signaling,
and correlate promiscuous AT1r and TGFp activity with partially overlapping processes of
arterial disease. Together our findings substantially revise the current view of TAA
pathogenesis in MFS, in addition to suggesting that targeting both AT1r and TGFp signaling
is a more effective therapeutic strategy than solely blocking AT1r activity.

Materials and Methods

Results

Materials and Methods are available in the online-only Data Supplement

Mutant aortas exhibit distinct temporal profiles of p-Erk1/2 and p-Smad2 accumulation

We first established the natural history of TAA formation in Fbn1M™RMIR mice as the
baseline for subsequently comparing the efficacy of different drug treatments. To this end,
aneurysm growth, p-Erk1/2 and p-Smad2 accumulation and media degeneration (i.e., elastic
fiber fragmentation and aortic wall thickening, histopathological markers of TGFp-driven
tissue proteolysis and fibrosis respectively) were monitored at selected time intervals during
the first 3 months of life, when about half of Fbn1MR™MIR mice die from complications of
arterial disease.? Echocardiographic measurements revealed a statistically significant
enlargement of both the root and proximal ascending segment of the mutant aorta beginning
at P45 that steadily increased thereafter relative to the WT counterparts (Fig. 1A).
Histomorphometric analyses of aortic tissue sections identified P45 as the first time-point in
which media degeneration was statistically significant (Fig. 1B). Immunoblot assays of
protein extracts from the aortic arches of mutant and WT mice showed substantially higher
than normal levels of p-Erk1/2 as early as P16 followed by a steep decline at P60, a stage
when abnormal p-Smad2 accumulation in the dilating mutant aorta was first noted to be
statistically significant (Fig. 2A). Abnormal activation of Erk and Smad proteins at discrete
stages of TAA progression in Fbn1MIR¥MIR mice was in line with our previous observation
that over-activation of the stress response p-38 MAPK protein preceded abnormal p-Smad2
accumulation in the aortas of Fbnl”- mice (a validated animal model of neonatal lethal
MFS).14 Based on these findings, P60 and P90 were selected as the most informative ages in
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which to evaluate the effects of the different drug treatments on p-Erk1/2 and p-Smad?2
accumulation and on aneurysm growth and media degeneration, respectively.

AT1r and TGF inhibition exert distinct stage-related effects on TAA progression

Fbn1MIRMIR mice were treated with either losartan or TGFB-Nab for a period of 74 days
starting at P16. The mouse monoclonal TGFp-Nab 1D11 was used in place of the rabbit
polyclonal antibody employed in the original study of Fbn1C1039G/+ mice 4 so as to avoid
that immunoreactivity to the neutralizing antibody might reduce its efficacy. The dose and
dosing regimen of 1D11 was chosen to maximal efficacy for the neutralization of circulating
TGFp in mice, a value previously estimated to be ~115 ng/ml in Fbn1C1039G/*+ mice 15
Studies conducted in murine models of TGFB-mediated disease have demonstrated that a
subcutaneous dose of 5 mg/kg administered 3 times per week is highly efficacious.16:17 We
therefore used a 2-fold higher dose (10 mg/kg) thrice per week so as to assure maximal
efficacy. At such a dose and dosing regimen, the steady-state plasma levels of 1D11 were
estimated to range between 400 and 200 pg/ml.18 Since the Ki for 1D11 neutralization of
TGFp1 invitro is 0.3 pg/ml, 18 the circulating levels of 1D11 in the current study were
estimated to range between 1200- and 800-fold over the Ki for 1D11. In accordance with
these considerations and the reported 1D11-induced modifications of osteoblast and
osteoclast activities,18-20 our treatment protocol led to a statistically significant increase of
bone mass and quality in both WT and Fbn1M3RMIR mice (Fig. 3A and data not shown). To
ensure that modifications of TAA pathology in 1D11-treated Fbn1™IR'MIR mice were not a
consequence of vasopressor qualities of TGFf inhibition, we also measured blood pressure
in WT mice treated with 1D11 and observed no detectable effects (Fig. 3B). Survival curves
of Fbn1MIR'MIR mice in the various placebo treatments (n=11 per treatment) were grouped
together (total n=54) since the distinct placebo arms behaved in nearly identical manners
(Fig. 4A). As reported previously,11:12 systemic administration of losartan from P16 onward
significantly improved the survival of Fbn1MRMIR mice by attenuating aneurysm growth
and to a lesser extent, media degeneration (Fig. 4). Additionally, losartan treatment resulted
in greater reduction of p-Erk1/2 than p-Smad2 levels (Fig. 2B). Together these findings
suggested a causal relationship between aneurysm growth and AT1r-induced p-Erk1/2
accumulation, as well as a partial contribution of AT1r to Smad?2 over-activation.

In contrast to losartan, administration of 1D11 from P16 onward exacerbated arterial disease
in Fbn1MIRMIR mice thereby causing death from ruptured TAA significantly earlier than in
placebo-treated mutant mice (Fig. 4A). Echocardiographic and histomorphometric analyses
of 1D11-treated Fbn1MIRMIR mice that survived to P45 suggested an accelerated TAA
progression, as evidenced by greater aneurysm growth and medial degeneration relative to
placebo-treated mutant animals (Fig. 5). Since TGFp neutralization had no negative effects
on either aortic tissue morphology or fitness of WT littermates, we concluded that baseline
TGFp signaling is necessary to stabilize the fibrillin-1 deficient vessel under recurring
hemodynamic load during the early stages of aneurysm formation. Furthermore, the
beneficial effect of losartan treatment on TAA formation implied that the protective function
of TGF is exerted independently of AT1r activity.

Arterioscler Thromb Vasc Biol. Author manuscript; available in PMC 2016 April 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Cook etal.

Page 5

Next, 1D11 treatment was initiated at a stage (P45) when significant TAA pathology was
first detected (Fig. 1), prior to significant p-Smad2 accumulation (Fig. 2A) and after
stabilization of systemic pressure and cardiac output.2! In contrast to the P16-initiated
treatment, TGFp neutralization started at P45 had a statistically significant positive impact
on the survival of Fbn1MIRMIR mice by slowing down disease progression from that time
point onward (Fig. 4A). This result implied that elevated TGFp signaling plays a detrimental
role at later stages of TAA formation. Two important differences were noted between P16-
initiated treatment with losartan and P45-initiated treatment with 1D11. Whereas AT1r
antagonism mostly restricted aneurysm growth, TGFp neutralization largely delayed media
degeneration (Fig. 4B and C); and whereas losartan normalized p-Erk1/2 levels, 1D11
reduced them by only ~25% relative to placebo-treated mutant animals (Fig. 2B). We
interpreted these differences as additional evidence that aneurysm growth is predominantly
dependent on Erk-mediated AT1r signaling (as opposed to Erk-mediated TGFp signaling) 1°
and that AT1r activity is partially (as opposed to solely) 4 responsible for TGFf-driven
media degeneration in MFS mice.

Combined AT1r and TGFB antagonism prevents TAA formation and death of MFS mice

In light of the above findings, we decided to treat Fbn1MIRMIR mice with losartan from P16
onward together with 1D11 from P45 onward. This combined drug treatment normalized
both aneurysm growth and medial degeneration (Fig. 4B and C), thereby dramatically
improving the survival of Fon1MIRMIR mice relative to either the P16-initiated losartan
treatment or the P45-inititated 1D11 treatment (Fig. 4A). Indeed, only one of the sixteen
Fbn1MIRMIR mice subjected to the double drug treatment died prematurely and from TAA-
unrelated complications. The greater therapeutic benefit of combining losartan and 1D11 vs.
administering losartan alone indicated that additional AT1r-independent signaling pathways
participate in augmenting TGFp activity (Fig. 4). Along the same lines, paradoxical Erk1/2
hyperactivity in the aorta of Fbn1MRMIR mice treated with both agents suggested
compensatory activation of other signaling pathways (either irrelevant or supportive of
normal function) in the absence of both AT1r and TGFp signaling (Fig. 2B). The finding
that p-Erk1/2 levels were also significantly elevated in WT mice treated with the two drugs
indirectly supported this conclusion (Fig. 3C). Irrespective of this last point, the remarkable
therapeutic benefit of the combined drug treatment validated the notion that promiscuous
AT1r and TGFp signaling drive partially overlapping disease processes in the aorta of mice
with severe MFS.

Discussion

While there is an emerging consensus that altered aortic mechanobiology represents the
common trigger of inherited TAAs,22 the identity of and interactions among downstream
signaling pathways that connect different mutant genes to tissue dysfunction remain poorly
defined. In the case of MFS, it is widely believed that TGF( hyperactivity is the main driver
of TAA progression and that AT1r is the principle stimulator of pathogenic non-canonical
(Erk-mediated) TGFp signaling.! This belief rests on the original observation that either
AT1r antagonism or TGFp neutralization prevented aneurysm growth and medial
degeneration in MFS mice that seldom manifest dissection and rupture of the dilating vessel

Arterioscler Thromb Vasc Biol. Author manuscript; available in PMC 2016 April 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Cook etal.

Page 6

wall.#10 As subsequent investigations have raised several questions about different key
aspects of this disease model,3 we evaluated how inhibition of either AT1r or TGFp activity
influences TAA progression in mice with lethal MFS. This first head-to-head comparison of
the two drug regimens was performed by monitoring the same disease markers as in the
original study of Fbn1C1039G/* mice, 4 and with the additional advantage of including
mouse survival as a more informative clinical end-point of TAA progression. Our major
finding is that, contrary to the current view, promiscuous AT1r and TGFp activity in the
MFS aorta are principally responsible for driving aneurysm growth and media degeneration
through p-Erk1/2 and p-Smad2/3 signaling, respectively. We also found that TGFf exerts
opposite contextual effects on TAA pathology that broadly correlate with the early and late
stages of disease progression. Both of these findings have important implications for TAA
treatment in MFS.

Possible explanations for the discrepancy between our and earlier results of systemic TGFj
neutralization with Fbn1€1039G/+ mice include the potentially greater neutralizing activity of
monoclonal antibody 1D11 and the different experimental designs and MFS models
employed in the two studies. Ongoing dosing experiments with Fbn1MIRMIR mice seem to
exclude the possibility that differences in the amount and frequency of TGFp-Nab
administration played a major role in causing such dramatically diverse vascular
phenotypes. Similarly, the alternative explanation of differences between the two mouse
models of MFS is not supported by ongoing investigations indicating that chronic (7-month-
long) treatment of Fbn1C1039G/* mice with 1D11 (administered at a dose comparable to that
of the present study and to mutant mice of the same genetic background as in the original
report) 4 is associated with an appreciable trend towards disrupting (rather than preserving)
aortic tissue architecture (data not shown). We therefore argue that the observed discrepancy
is more likely to reflect the stratification of additional TAA-related events in mice with
progressively severe MFS relative to those afflicted with a milder form of the disease. In
support of this postulate, we note that losartan treatment was recently shown to decrease the
rate of aneurysm growth in a large cohort of adult MFS patients without modifying critical
end-points of disease, such as vessel wall dissection. 23 Along the same lines, a randomized
clinical trial of MFS children and young adults has subsequently demonstrated no significant
differences in the rate of aortic root dilation between patient groups subjected to either
losartan or the p-blocker atenolol monotherapy. 24

The dimorphic effects of TGFp activity during TAA formation are yet another example of
the contextual activity of these multifunctional signaling molecules in several physiological
and disease processes.2> We believe that the beneficial role of TGFp signaling during the
early stage of TAA formation in MFS mice reflects the physiological response of a
structurally compromised aortic wall to increasing hemodynamic stress. We rest our belief
on the finding that P16-initiated TGFJ neutralization had a negative impact on TAA
formation in Fbn1MIRMIR byt not in WT mice. Accordingly, we propose that the initial
consequence of fibrillin-1 deficiency is to impair rather than enhance TGFp signaling, as
currently thought.1#10 The pathogenic action of TGFB hyperactivity in advanced stages of
TAA is conceivably accounted for by the establishment of a negative TGFB-centered
feedback loop that is likely to involve, among others, the immuno-inflammatory response to
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locally generated signals of ECM remodeling/repair.13 By documenting the greater
therapeutic efficacy of the combined losartan/1D11 treatment vs. losartan alone, our
analyses indicate that deleterious TGFp signaling late in TAA formation is only partially
dependent on AT1r action. Overall, our data demonstrate that TAA pathogenesis in MFS is
significantly more complex than currently thought.1:410 Indeed, the paradoxical finding of
Erk1/2 over-activation in doubly treated MFS mice exemplifies the complex dynamics of
molecular interactions among pathogenic, productive, and correlative signaling events in
response to chronic wall stress and pharmacological interventions.

In closing, we propose a revised model of TAA pathogenesis in MFS that is based on the
data presented here and related findings in the literature (Fig. 6).2 323 A fibrillin-1 deficient
ECM triggers and communicates to resident cells signals of mechanical stress that are
translated into biochemical responses aimed at maintaining physiological tone. Among
others, the early vessel response to mechanical stress includes constitutive AT1r over-
activation and protective TGFp signaling. As arterial dysfunction exacerbates under
recurring mechanical stress, promiscuous TGFp signaling becomes the major driver of
medial degeneration stimulated in part by constitutive AT1r activity, inflammatory cells and
tissue remodeling enzymes. Together with TGFpB-induced collagen over-accumulation, this
unopposed degenerative process further impairs aortic integrity and mechanics thereby
leading to dissection and rupture of the vessel wall. Our model provides a unifying
understanding of how genetically distinct lesions may promote TAA formation, as mutations
in cytoskeletal proteins impair SMC contractility in response to hemodynamic load and
mutations in components of the TGFp signaling cascade are expected to perturb the
development of a mechanically compliant aortic wall. 1 2 22 |n this view, TGFp
hyperactivity activity in the MFS aorta represents a marker of unproductive tissue repair
rather than the initial trigger of arterial disease.22 Our model also argues for a combinatorial
treatment strategy against TAA that would target both promiscuous AT1r and TGF
signaling without interfering with the early protective role of TGFp activity in the
structurally compromised aorta of MFS patients. However, a major obstacle against
implementing such a promising treatment strategy is the lack of informative biomarkers of
TAA severity that could rigorously determine the appropriate timing of TGFf neutralization.
Ongoing experiments are investigating new drug treatments that may solely target the
detrimental action of TGFp hyperactivity in the MFS aorta.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Nonstandard Abbreviations and Acronyms

AT1r Angiotensin 11 type | receptor
ECM Extracellular matrix

MFS Marfan syndrome

SMC Smooth muscle cell

TAA Thoracic aortic aneurysm
TGFB-Nab TGFp-neutralizing ntibody
Tgfbr2 TGFp receptor 11

WT Wild-type

Arterioscler Thromb Vasc Biol. Author manuscript; available in PMC 2016 April 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Cook etal.

Page 10

Significance

Aortic aneurysms are common pathologies often associated with tear (dissection) and
rupture of the vessel wall. Characterization of mouse models of TAA and AAA has
identified AT1r as a common primary trigger of arterial disease, in addition to raising a
controversy regarding TGF's role in aneurysm progression and its strict dependence on
AT1r activity. Our report addresses these two key aspects of TAA pathogenesis by
comparing the impact of AT1r and TGFp inhibition on TAA formation in a validated
mouse model of early onset, progressively severe MFS. The results of these
pharmacological interventions demonstrate that TGF[ signaling exerts stage-specific
dimorphic effects on arterial disease progression that are largely independent of AT1r
action. Consistent with these observations, we documented the superior benefit of
combining anti-AT1r and anti-TGFp therapies over subjecting MFS mice to either drug
regimen alone. These findings have important implications for TAA therapy in MFS
patients.
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Figurel. TAA progression in mice with severe MFS
(A) Quantified diameters of the aortic root (AoR) and proximal ascending aorta (AsA), and

(B) combined scores of wall thickness and elastic lamella integrity (MD) in WT (black)
Fbn1MIRMIR (grey) mice of the indicated ages (n= 5 per time-point and genotype); asterisks
indicate statistically significant differences between individual sets of WT and MFS samples
(p<0.05).
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Figure 2. TAA markersin micewith severe MFS at baseline and after drug treatment
(A) Representative immunoblots of Smad2 and Erk1/2 proteins in WT and Fbn1M9RmIR

(MFS) aortas of the indicated ages with the bar graphs below them summarizing the relative
ratios between phosphorylated and total proteins in WT (black) and MFS (grey) samples
(n=5 per genotype and time-point); asterisks indicate statistically significant differences
between individual sets of WT and MFS samples (p<0.05). (B) Representative immunoblots
of Smad?2 and Erk1/2 proteins in the aortas of Fbn1M™R™MIR mice treated as indicated (dTX,
double treatment) with the bar graphs below them summarizing the fold change of
phosphorylated vs. total proteins in drug-treated mutant specimens relative to WT
counterparts (n=5 per genotype and treatment); WT values arbitrarily expressed as 1 are
highlighted by the dotted line across mutant bar graphs. Asterisks and the symbol
((x0005E)) indicate statistically significant differences between MFS and WT samples and
between drug- and placebo-treated MFS specimens, respectively (p< 0.05, ANOVA p <
0.001).
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Figure 3. Effects of drug treatmentsin WT mice
(A) Bone mineral density (BMD) and bone volume over total volume (BV/TV) in 3-month-

old WT mice treated with either placebo (PBO; white bar) or 1D11 (grey bar) from P45
onward (n=5 per treatment; p<0.05). (B) Diastolic, systolic and mean blood pressure
measured in 4-week-old WT mice at baseline (black) and treated with either placebo (white)
or 1D11 (grey) (n = 10 per treatment; p<0.05). (C) Representative Erk1/2 immunoblots of
whole protein extracts from the aortic arches of 2-month-old WT mice treated with either
placebo (PBO) or losartan and 1D11 (dTx) with the bar graphs (white and grey,
respectively) below summarizing the fold changes of phosphorylated vs. total proteins in the
two samples (n=5 per treatment). Asterisks indicate statistically significant differences
between individual samples from drug- and placebo-treated WT mice (p<0.05).
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Figure4. Treatment-induced TAA modificationsin MFS mice
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(A) Kaplan-Meier survival curves of MFS mice under indicated drug treatments (n<15 per
treatment); differences between individual experimental and control samples were all

statistically significant (p < 0.05). (B) Diameters of the aortic root

(AoR) and proximal

ascending aorta (AsA), and (C) severity scores of media degeneration (MD) in 3-month-old
WT and MFS mice treated as indicated (n< 5 per genotype and treatment); asterisks and the
symbol (*) indicate statistically significant differences between MFS and WT mice and
between drug- and placebo-treated mutant mice (p<0.05, ANOVA p<0.01). The severity

score of MD in WT aortas is arbitrarily expressed as 1.

Arterioscler Thromb Vasc Biol. Author manuscript; available in PMC 2016 April 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Cook et al.

0.30 -
0.25 -
0.20 -
0.15 -
0.10 -
0.05 -

AoR Diameter (cm)

PBO 1D11
MFS

AsA Diameter (cm)

0.30 -
0.25 -
0.20 -
0.15 -
0.10 -
0.05 -

Page 15
5 -
* 4 i *
) ]
o3
O
w L
a2
=
1
0
PBO_1D11 PBO_1D11
MFS MFS

Figure 5. Phenotypic consequences of early TGFp neutralization in MFS mice
Quantified diameters of the aortic root (AoR) and ascending aorta (AsA) and severity scores

of media degeneration (MD) in 45-day-old Fbn1MIR'MIR mice treated with placebo (black)
or 1D11 (brown) from P16 onward (n = 5 per treatment); asterisks indicate statistically
significant differences between drug- and placebo-treated mutant mice (p<0.05)
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Figure 6. Proposed new model of TAA pathogenesisin MFS
Schematic representation of the progressive stratification of signaling events driving arterial

disease during the early, advanced and end-point stages of TAA in mice with severe MFS.
The model focuses on AT1R and TGFp signaling and assumes that recurring hemodynamic
load is the primary trigger of aorta dysfunction. The (+) and (-) symbols respectively
highlight the protective and detrimental roles of baseline and overactive TGFp signaling; the
dotted arrow signifies the unproductive response of baseline TGFp signaling to wall stress;
and the double-headed arrow indicate the reciprocal pathogenic relationship between TGFj
and MMP hyperactivity.
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