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Background—ACTA2 mutations are the major cause of familial thoracic aortic aneurysms and
dissections. We sought to characterize these aortic diseases in a large case series of individuals
with ACTA2 mutations.

Methods and Results—Auortic disease, management, and outcome associated with the first
aortic event (aortic dissection or aneurysm repair) were abstracted from the medical records of 277
individuals with 41 various ACTA2 mutations. Aortic events occurred in 48% of these individuals,
with the vast majority presenting with thoracic aortic dissections (88%) associated with 25%
mortality. Type A dissections were more common than type B dissections (54% versus 21%), but
the median age of onset of type B dissections was significantly younger than type A dissections
(27 years, IQR 18-41 versus 36 years, IQR 26-45). Only 12% of aortic events were repair of
ascending aortic aneurysms, which variably involved the aortic root, ascending aorta and aortic
arch. Overall cumulative risk of an aortic event at age 85 years was 0.76 (95% CI 0.64, 0.86).
After adjustment for intra-familial correlation, gender and race, mutations disrupting p.R179 and
p.R258 were associated with significantly increased risk for aortic events, whereas p.R185Q and
p.R118Q mutations showed significantly lower risk of aortic events compared to other mutations.

Conclusions—ACTA2 mutations are associated with high risk of presentation with an acute
aortic dissection. The lifetime risk for an aortic event is only 76%, suggesting that additional
environmental or genetic factors play a role in expression of aortic disease in individuals with
ACTA2 mutations.

Keywords
thoracic aortic aneurysms; acute aortic dissections; ACTA2; smooth muscle a-actin

INTRODUCTION

Up to 20% of patients with thoracic aortic disease have a family history of the condition®:2,
Familial thoracic aortic aneurysms and dissections (FTAAD) is an autosomal dominant
disorder that is characterized by dilation or dissection of the thoracic aorta in families who
do not have Marfan syndrome (MFS; OMIM #154700) or a related connective tissue
disorder. ACTAZ (actin, alpha-2, smooth muscle, aorta; OMIM *102620) is the most
frequently mutated gene causing FTAAD and is responsible for 12-21% of FTAAD
cases3—8, ACTA2 encodes the smooth muscle-specific isoform of a-actin, which polymerizes
to form the thin filament of the smooth muscle contractile filament. In addition to thoracic
aortic aneurysms and dissections, preliminary studies have also shown significant
correlations between specific ACTA2 mutations and increased risk for early onset stroke or
coronary artery disease’. Additionally, ACTA2 missense mutations that disrupt arginine 179
lead to a distinctive multisystemic smooth muscle dysfunction syndrome characterized by
aortic and cerebrovascular disease, fixed dilated pupils, hypotonic bladder, intestinal
hypoperistalsis and pulmonary hypertension®. This particular mutation causes severe and
early onset vascular disease and has only been identified as a de novo mutation in affected
individuals. Mutations in genes encoding other proteins involved in smooth muscle cell
contraction also cause an inherited predisposition to thoracic aortic disease, including
MYH11 (myosin, heavy chain 11, smooth muscle; OMIM *160745), MYLK (myosin light
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chain kinase; OMIM *600922), and PRKG1 (protein kinase, cGMP-dependent, regulatory,
type I; OMIM *176894)%-12,

MFS is caused by heterozygous mutations in a single gene, FBN1 (fibrillin 1; OMIM
*134797), and predisposes to thoracic aortic disease with distinctive syndromic features.
Approximately 64% of individuals with MFS are ascertained due to non-aortic abnormalities
before they have an aortic event!3. After FBN1 mutations were identified in MFS, it was
recognized that mutations in other genes may confer overlapping MFS physical features,
including aneurysms and dissections of the aorta, along with aneurysms of the aortic branch
vessels and intracranial arteries. These disorders are all caused by mutations of genes in the
canonical transforming growth factor-f (TGF-) pathway, including TGFBR2 (transforming
growth factor-beta receptor, type II; OMIM *190182)14-19,

Here we describe the aortic diseases in a large case series of individuals with ACTA2
mutations and provide probability estimates for aortic events, describe the clinical
presentation of ACTA2-related aortic disease and identify the distinctive challenges in the
diagnosis and management of these individuals. Appropriate integration of this data into
genetic counseling, surveillance and medical management may lead to reduction of the
extensive morbidity and mortality associated with ACTA2-related aortic disease.

MATERIALS AND METHODS

The University of Texas Health Science Center at Houston Institutional Review Board
approved this study and informed consent was obtained from study participants. Index cases
and their relatives who were identified with ACTA2 mutations by our research laboratory (53
families) and DNA diagnostic laboratories (28 families) were included in this study. 277
individuals from 81 families with 41 different ACTA2 mutations were studied, including 16
obligate carriers and 25 relatives, who had a 50% risk of inheriting the mutation and were
affected with aortic or premature onset arterial disease.

Demographic data, diagnosis of aortic aneurysm or dissection, age at diagnosis or last aortic
imaging, management and outcome of aortic disease were collected from medical records,
autopsies and death records (E.S.R. and D.M.M.). When medical records were not available,
aortic disease diagnoses were judged as highly probable based on medical history reported
by the index case, i.e. history of surgical repair or doctor’s verbal report. Clinical data for
individuals outside the USA were abstracted by collaborators (A.C., G.A,, C.B., G.J., T.M.,
L.A., P.A., B.L.) using standard data collection forms. When available, computed
tomographic (CT), magnetic resonance (MR) and echocardiographic images were requested
and reviewed by physicians with expertise in aortic disease (S.P., A.E.) and aortic
measurements at standard anatomical positions were obtained 2. Thoracic aortic dissections
were described using the Stanford classification as type A (aortic dissections initiating in the
ascending aorta that may extend to the descending aorta) or type B (initiating in the
descending thoracic aorta just distal to the origin of the left subclavian artery or aortic arch).
Aortic events were defined as aortic dissections or surgical repair of aortic aneurysms.
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Sequencing and genotyping were performed according to previously described protocolss.
There are no polymorphisms in ACTAZ2 that disrupt the translated protein in the NHLBI GO
Exome Sequencing Project Exome Variant Server (http://evs.gs.washington.edu/EVS/), and
thus all variants disrupting the protein sequence are classified as most likely deleterious. In
addition, family studies to confirm co-segregation of variant with disease and bioinformatic
evidence were used to evaluate pathogenicity of the variants. The ACTAZ2 variants included
in this study alter evolutionary conserved residues and all are predicted to be damaging by
the majority of protein prediction function tools. Individuals with mutations that alter the
same amino acid residue were analyzed together, i.e. p.R39C, p.R39G and p.R39H were
grouped together; p.R179C, p.R179H and p.R179L together; p.R198C and p.R198H
together; and p.R258C and p.R258H together, and these groups were referred to based on
the altered amino acid, i.e. p.R39, p.R179, p.R198 and p.R258 substitutions, respectively.
Analyses of aortic events were performed for all ACTA2 mutations and recurrent mutations
that occur in 2 or more families, i.e. p.R39, p.R179, and p.R258, p.R212Q, p.R149C,
p.R185Q, p.R118Q, and p.G160D substitutions.

Categorical variables are presented in frequencies and percentages. Continuous variables are
presented as median and interquartile range (IQR). Comparison of two-sample medians was
performed using the Wilcoxon rank-sum test. Comparison of two-sample proportions was
done using the Fisher’s exact test. Kaplan-Meier method was used to determine the
cumulative risk of aortic event using first aortic event as endpoint and age at event or last
follow up without aortic event as follow up time. Log-rank test was used to compare failure
curves. Cox regression analyses were performed to adjust for intra-familial correlations and
effects of potential moderators such as gender and race. Statistical analysis was performed
using the STATA software program (Release 12; College Station, TX).

Description of study population

Table 1 summarizes the characteristics of the study population, including age at disease
presentation or last follow-up, gender, race and ACTA2 mutation. Supplemental Table 1 lists
all the mutations identified, predicted functional effects, the number of families and
individuals assessed and frequency and age of aortic events for each mutation. In total, 41
ACTA2 mutations were studied, of which 40 were missense mutations predicted to produce a
mutant a-actin monomer and one variant was predicted to lead to aberrant splicing of exon 8
and produce a protein truncated at glycine 270 and 35 aberrant amino acids added. The
ACTA2 mutations were all heterozygous except for one homozygous missense mutation
(p-WB88R), which was identified in a 12-year-old female with patent ductus arteriosus and
thoracoabdominal aneurysm due to a chronic descending dissection.

Frequency and age of onset of aortic events

Aortic events, defined as aortic dissections or surgical repair of aortic aneurysms, occurred
in 47.6% of individuals assessed, and the vast majority of these individuals presented with
thoracic aortic dissections (87.9%) as shown in Table 2. Type A dissections occurred in
53.8% of individuals at a median age of 36 years (IQR 26-45). Type B dissections occurred
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less frequently (21.2%) at younger ages (median age 27 years; IQR 18-41; p=0.01)
compared to Type A dissections. The site of dissection was unspecified in 12.9% of
individuals. Fewer individuals (12.1%) underwent elective surgical repair of ascending
aortic aneurysms at a median age of 35.5 years (IQR 14.5-47.5).

More than half of the individuals with ACTA2 mutations (52.4%) did not report an aortic
event. Of these individuals, 17.2% had ascending aortic aneurysm that did not require
surgical repair, 46.2% were screened by thoracic imaging (CT, MRI or echocardiography)
and were not found to have an aneurysm or dissection and 35.9% have unknown disease
status.

Individuals with ACTA2 mutations who experienced aortic events were not significantly
older than counterparts without an aortic event when analyzed in aggregate (p=0.995) or in
subgroups with recurrent mutations. One notable exception was that individuals with
mutations disrupting the R179 without aortic event were significantly younger than those
with aortic events (5 vs. 14 years; p=0.001). Aortic events were more prevalent in men
(62.1%) than in women (37.9%; p = 0.003), but the median age at the first aortic event did
not differ significantly between men and women (33 versus 35 years; p= 0.4). Furthermore,
the type of aortic dissection (A versus B dissection) was not influenced by gender (p=0.96).
More aortic events were observed among individuals of European descent (p=0.03).

Comparison of aortic disease presentation with FBN1 and TGFBR2 cohorts

Compared to cohorts of individuals with FBN1 and TGFBR2 mutations?3, a greater
percentage of probands with ACTA2 mutations (84%) were ascertained after presenting with
an aortic event (Table 3). More individuals with FBN1 (80%) or TGFBR2 (91%) mutations
were identified with aortic root dilation before developing an aortic event compared to only
17% of individuals with ACTA2 mutations. Among the individuals with aortic events,
frequency of thoracic aortic dissections were lower for individuals with FBN1 (42%) and
TGFBR2 (52%) mutations compared to patients with ACTA2 mutations (88%). Additionally,
individuals with ACTA2 mutations presented with type B dissections more frequently and at
younger ages compared to individuals with FBN1 and TGFBR2 mutations.

Cumulative risk of aortic event

The overall cumulative risk of an aortic event associated with ACTA2 mutations was 0.76
(95% C1 0.64, 0.86) at 85 years. Mutation-specific time to event analyses for 8 recurrent
ACTA2 mutations showed that individuals who harbor mutations that disrupt p.R179 and
R258 have significantly increased risks for aortic events at younger ages compared to all
other mutations, with p-values <0.0001 and 0.02 respectively (Figure 1). The cumulative
risk of aortic event among individuals with p.R179 substitutions was 1.0 by the age of 25
years and 0.90 (95% CI 0.68, 0.99) by age 63 for individuals with p.R258 substitutions. At
the other end of the aortic disease risk spectrum, the cumulative risk of an aortic event for
the p.R185Q substitution was only 0.57 by age 77 (95% CI 0.15, 0.99), which was
significantly lower than the other ACTA2 mutations (p= 0.04). Cumulative risks of aortic
events for p.R39, p.R212Q, p.R149C, p.R118Q, and p.G160D substitutions were not
significantly different from all other ACTA2 mutations.
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Using Cox regression analysis with correction for intra-familial correlation, we found that
individuals who carry mutations disrupting p.R179 (HR 26.39, 95% CI 10.40-66.95) and
p.R258 (HR 2.05 (95% CI 1.17, 3.58) experienced significantly more aortic events than
those with other ACTA2 mutations (Table 4). In contrast, the risk of aortic events associated
with p.R185Q (HR 0.28, 95% CI 0.11-0.72) and p.R118Q (HR 0.79, 95% CI 0.64-0.98)
substitutions were significantly lower than other ACTA2 mutations. These findings remained
significant after adjustment for gender and race except for p.R258 substitutions. However,
analysis without the individuals with p.R179 substitutions showed a significant hazard ratio
for p.R258 (2.02, 95% CI 1.03, 3.95; p value 0.041) compared to other mutations.

Outcome of aortic events

Of 71 individuals who had type A dissections, 75% (53) underwent successful surgical
repair and 25% (18) died either prior to intervention or peri-operatively. Among 28
individuals with type B dissections, two died prior to intervention or post-operatively, 8
were treated medically, and 18 underwent surgery (14 open repairs, 4 endovascular repairs).
In 9 cases with acute type B dissections, the indications for urgent surgery were visceral
ischemia (3), limb ischemia (4) or aortic rupture (1). Of the 17 individuals with dissection at
an unspecified site, 13 died at presentation. There were no deaths associated with elective
repair of an aortic aneurysm. Therefore, the overall risk of mortality associated with the first
aortic event in individuals with ACTA2 mutations was 25% (33/132) at a median age of 36
years (IQR 28-45). If 10 unexplained sudden deaths were included in the analysis as
undiagnosed dissections, the risk of mortality would increase to 30%.

Eleven of the individuals with ACTA2 mutations who did not have an aortic event died at a
median age of 45 years (IQR 28-63). Six of these deaths were due to other cardiovascular
diseases: surgical complications related to moyamoya disease, intracranial aneurysm repair
or coronary bypass, acute coronary syndrome, and acute thrombus on prosthetic aortic valve.
Two individuals died from unrelated causes. The cause of death was not determined for
three individuals, including a child with a p.R179H substitution who had an autopsy.

Clinical features associated with first aortic event

To characterize the first aortic event in individuals with ACTA2 mutations, we analyzed 70
available clinical records for presenting symptoms, medical histories prior to event, aortic
disease, surgical approaches, and outcomes (summarized in Supplemental Table 2). This
subgroup consisted of 10 elective ascending aortic aneurysm repairs, 41 acute type A
dissections, 10 acute type B dissections and 9 chronic type B dissections.

Figure 2 shows representative images of ascending and aortic root disease associated with
ACTA2 mutations. In 10 individuals who presented for elective repair of ascending aortic
aneurysms, the maximum diameter was either in the aortic root (n=5) or in the ascending
aorta (n=5) and ranged from 4.2-6.5 cm (median 5.2, IQR 5-5.5). Among 24 individuals
with type A dissections whose aortic measurements were available, the maximum diameter
of the dissected segment varied from 3.8- 9.5 cm (median 5.75, IQR 4.7-6.75) as shown in
Figure 2C. One-third of these individuals (8/24; ages 27-60 years; 50% male) dissected
when the maximum diameter was <5 cm. Three of the eight individuals who dissected at
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diameters <5 cm experienced the dissection during the peripartum period?!. There were 9
individuals with aneurysms or dissections that involved other aortic segments.

Among 10 individuals who presented for prophylactic repair of ascending aortic aneurysms,
4 had composite valve graft root replacement, 5 had valve-sparing aortic root replacement, 1
had ascending aortic replacement, and 3 also had partial or total aortic arch replacement. Of
the 41 individuals with type A dissection, 42% (17) had replacement of the ascending aorta,
44% (18) had composite valve graft root replacement, and 5% (2) had a valve-sparing aortic
root replacement; 30% (12) also had partial or total aortic arch replacement. Of the 10
individuals with acute type B dissection, 3 had open repair, 3 had endovascular repair, and 4
received medical treatment alone. Of the 9 individuals with chronic type B dissection, 8 had
extent I or 1l thoracoabdominal aortic aneurysm (TAAA) repair.

The vast majority of these individuals reported symptoms prior to presentation. Among
individuals with acute thoracic aortic dissections, the most common symptom was pain in
84% of individuals but up to 20% of individuals complained of various other symptoms
besides pain (Supplemental Table 2). ACTA2 individuals with acute dissections were likely
to report a family history of aortic disease (56%), but only 24% reported a personal history
of hypertension.

Among individuals with acute aortic dissections, 46% had major in-hospital complications
(14% in-hospital deaths), whereas only two of 10 individuals who presented for elective
repair of aortic aneurysm had major complications. Median length of hospitalization was
longest for individuals with chronic type B dissections (19, IQR 14-38 days), followed by
individuals with acute type A or B dissections (11, IQR 8-18 days) and individuals who had
elective aortic repairs (6, IQR 5-9 days).

DISCUSSION

Mutations in the ACTA2 gene are responsible for 12-21% of familial thoracic aortic disease
without features of connective tissue disorders based on analyses of cohorts worldwide3-5.
Individuals with MFS are also predisposed to thoracic aortic disease, but these individuals
frequently come to medical attention due to their skeletal and ocular features, at which time
approximately 80% of them are diagnosed with aortic dilatation!3. In recent years,
identification of MFS individuals and management of the thoracic aortic disease has led to
decreased rates of acute dissections; about 40% of aortic events in MFS individuals were
aortic dissections®3, In contrast, most individuals with ACTA2 mutations do not have
syndromic features and are often diagnosed upon presentation with aortic events, which are
overwhelmingly acute aortic dissections. Nearly half of the individuals in this study
population had experienced aortic events, and 88% of these events were thoracic aortic
dissections associated with 25% mortality. These data imply that the absence of syndromic
features leads to delayed recognition of patients with ACTA2 mutations, therefore making
them more likely to present with acute aortic dissections than individuals with MFS.

Individuals with ACTA2 mutations present with both type A and type B aortic dissections at
significantly younger ages than individuals enrolled in the International Registry of Acute
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Aortic Dissection study (IRAD)?2 and are likely to report a family history of thoracic aortic
disease. Type A dissections are more predominant among individuals with ACTA2
mutations, but type B aortic dissections occur at more than twice the rates reported for
individuals with FBN1, TGFBR2, and SMAD3 mutations3: 23, Surprisingly, type B
dissections due to ACTA2 mutations occur at significantly younger ages than type A
dissections and are frequently complicated by aortic rupture and visceral and limb ischemia,
requiring immediate surgical intervention. None of the individuals with type B dissections
had prior diagnosis of aortic abnormalities. Therefore, anyone presenting with an acute
aortic dissection without syndromic features and with a family history of the disease and
young people with aortic dissections, especially type B aortic dissections, should raise a
suspicion for an underlying ACTA2 mutation. Because these individuals present with
complicated dissections often requiring surgical intervention, transfer to a tertiary care
center should be considered.

The diameter of the aortic root and ascending aorta at the time of dissection varied widely,
but one-third of the individuals experienced aortic dissections at diameters <5 cm. This is in
contrast to individuals with MFS, who rarely experience dissection at diameters <5 cm?4,
Half of the prophylactic repairs of the ascending aorta were performed at aortic diameters
between 5 and 5.5 cm, which follow the current recommendations established for MFS25,
However, the significant number of individuals who had dissections at diameters <5.0 cm
support surgical repair of the aorta when the diameter is 4.5 cm or greater. Future studies
will focus on identifying the risk factors that predict dissections in individuals with minimal
aortic enlargement so that factors can be modified to prevent these dissections or
prophylactic aortic repair can be considered.

Ascending aortic aneurysms associated with ACTA2 mutations involved the aortic root and
ascending aorta and often extended into the arch. Surgical repair often involved root
replacement with a composite valve graft conduit or valve-sparing techniques, and nearly
half of the individuals had concomitant partial or total aortic arch replacement, illustrating
the extent of aneurysmal disease. In contrast, aortic aneurysms in individuals with MFS
more often involve the aortic root at the sinuses of Valsalva, initially sparing the distal
ascending aorta and aortic arch. Aortic surveillance in individuals with ACTA2 mutations
should therefore include measurements of the entire ascending aorta at the level of the
sinuses of Valsalva, the sinotubular junction, the mid-ascending aorta, and the aortic arch.
Aortic imaging by CT, MR, or transesophageal echocardiography should be considered if
the aorta is not adequately evaluated by routine echocardiography. The extent of
involvement of the aortic root, ascending aorta and aortic arch should be taken into account
when planning thoracic aortic repair, and consideration should be given to repairing all of
these regions even if a specific location is not yet enlarged. Additionally, the extensive
aortic disease in these individuals indicates that surveillance of the entire thoracic aorta
should be performed routinely.

ACTA2 mutations demonstrate reduced penetrance for aortic disease and variability in
disease presentation and age of onset2. The overall cumulative risk (i.e., penetrance) of an
aortic event at age 85 years is 76%; conversely, the lifetime probability of not experiencing
an aortic event even at advanced ages is 24%. However, certain mutations are associated
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with higher risk of aortic events. For example, the p.R179 and p.R258 substitutions have
significantly higher risk of aortic events and have been associated with more severe vascular
phenotype, including patent ductus arteriosus, early onset stroke, and cerebrovascular
disease characterized by dilatation of the proximal internal carotid arteries and occlusion of
the terminal portions, and dramatic tortuosity of the small arteries in the retina’- 26. 27,

ACTA2 mutations cause vascular disease that is different from MFS and is also distinct from
the vascular disease associated with mutations disrupting TGF-f signaling pathways genes
(TGFBR1, TGFBR2, SMAD3, and TGFB2). Mutations of these genes cause aortic root
aneurysms leading to acute aortic dissections, but also aneurysms and dissections of other
arteries, including the abdominal aorta, intracranial arteries, and branches arising from the
aorta. A subset of mutations in TGFBR1 and TGFBR2 cause Loeys-Dietz syndrome
associated with early onset and aggressive vascular disease?®. In contrast, aneurysms and
dissections of medium and small arteries are rare in individuals with ACTA2 mutations and
only in the great arteries arising from the aortic arch in individuals with severe ACTA2
mutations such as mutations disrupting p.R179 and p.R25826. Additionally, intracranial
artery aneurysms rarely occur in individuals with ACTA2 p.R258 and p.R39 substitutions’.
Furthermore, mitral valve prolapse and regurgitation can occur in MFS individuals and in
individuals with mutations in the TGF-B pathway genes!3 19 23. 29 pyt are rare in individuals
with ACTA2 mutations. Mitral valve prolapse was present in only 3% of individuals with
ACTA2 mutations, which is significantly lower than rates reported in individuals with FBN1
(45%) and TGFBR2 (21%) mutations and similar to the population prevalence (2.4%)13: 30,
The significant differences in clinical complications associated with these genes support that
the clinical management of these individuals needs to be based on the underlying gene, and
in the case of some ACTA2 mutations, the specific alteration.

In summary, this study demonstrates that ACTA2 mutations are associated with high risk of
presentation with aortic dissections and death and variable disease presentation that is
dictated in part by the mutation, but likely modified by other genetic or environmental
factors. Testing for ACTA2 mutation should be strongly considered in individuals with the
following: early onset thoracic aortic dissection, especially type B dissection; family history
of thoracic aortic aneurysm or dissection; peripartum aortic dissection; and clinical features
previously associated with ACTA2 mutations, such as early onset ischemic strokes and
coronary artery disease, livedo reticularis, iris flocculi, and features of multisystemic smooth
muscle cell dysfunction syndrome. Early diagnosis of mutation carriers and proper
management, including aortic surveillance, blood pressure management, and timely surgical
repair of ascending aortic aneurysms, may help reduce the risk of aortic complications and
death associated with ACTA2 mutations.

The reduced penetrance and variable age of onset and severity suggest that some of these
risks may be prevented by modifying risk factors and initiating therapies to decrease stresses
on the aorta. Further studies are necessary to investigate environmental and genetic
modifiers that increase the risk for early dissections as well as those that allow some
individuals to live to advanced ages without aortic events. Future studies also need to
address whether medical therapy such as -adrenergic antagonists or angiotensin type |
receptor blocking agents can mitigate the risk for aortic events.
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Figure 1.

Kaplan-Meier failure functions demonstrating (A) overall cumulative risk of aortic event for
all ACTA2 mutations and significantly different cumulative probabilities of aortic events for
(B) p.R179, (C) p.R258, and (D) p.R185Q substitutions compared to all other ACTA2
mutations.
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Figure2.
(A) Contrast-enhanced coronal CT image showing a 4.3 cm ascending aortic aneurysm and

(B) sagittal view of the thoracic aorta showing marked aneurysmal dilatation of the aortic
root and proximal ascending aorta measuring 8.8. cm. (C) Box-plots showing maximum
aortic diameters in individuals undergoing elective repair of ascending aortic aneurysms and
urgent surgical repair of type A aortic dissections. Circle symbols represent individual aortic
measurements, and the middle, lower and upper lines of the box plots represent the median,
25t and 75t percentiles, respectively.
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Demographic characteristics and ACTA2 mutations of the study population and groups with and without aortic

events.

Variable All (n=277) With aorticevents (n=132) Without aortic events (n=145) p value

Median age (IQR) 34 (20-49) 345 (24-45) 34 (15-55) 0.995

Gender 0.003
Male 146 (52.7%) 82 (62.1%) 64 (44.1%)
Female 131 (47.3%) 50 (37.9%) 81 (55.9%)

Race 0.03
Caucasian 220 (79.4%) 112 (84.8%) 108 (74.5%)
Non-Caucasian 57 (20.6%) 20 (15.2%) 37 (25.5%)

ACTA2 substitutions
p.R149C 69 (24.9%) 33 (25%) 36 (24.8%) 0.97
p.R39 28 (10.1%) 13 (9.8%) 15 (10.3%) 0.89
p.R258 23 (8.3%) 15 (5.4%) 8 (5.5%) 0.08
p.R179 20 (7.2%) 7 (5.3%) 13 (9.0%) 0.24
p.R212Q 16 (5.8%) 6 (4.5%) 10 (6.9%) 0.4
p.R118Q 14 (5.0%) 8 (6.1%) 6 (4.1%) 0.47
p.G160D 9 (3.2%) 4 (3%) 5 (3.4%) 0.84
p.R185Q 9 (3.2%) 2 (1.5%) 7 (4.8%) 0.12
Other mutations 89 (32.1%) 44 (33.3%) 45 (31.0%) 0.68
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Table 2

Disease presentation and status of ACTA2 mutation carriers with and without aortic events (n= 277).

Variable Frequency (%) Medianage(IQR) Min-max age
With aortic event 132 (47.6) 34.5 (24-45) 11-76
Thoracic aortic dissection 116 (87.9) 34.5 (25-45) 12-76
Type A 71 (53.8) 36 (26-45) 15-69
Type B 28 (21.2) 27 (18-41) 12-49
Unspecified site 17 (12.9) 37 (28-51) 12-76
Ascending aortic aneurysm repair 16 (12.1) 35.5 (14.5-47.5) 11-67
Without aortic event 145 (52.4) 34 (15-55) 1-85
Ascending aortic aneurysm 25(17.2) 47 (9-57) 1-77
Descending aortic aneurysm 1(0.7) 44
No aortic disease 67 (46.2) 33 (16-51) 1-76
Unknown aortic disease status 52 (35.9) 27 (14.5-56) 1-85
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Comparison of aortic disease presentation among individuals with FBN1, TGFBR2, and ACTA2 mutations.

Variable FBN1 TGFBR2 ACTA2
Number of individuals 243 71 277
Mean age 30+16 29+17 38+20
Number of probands 122 26 81
Percent of probands ascertained due to TAAD 36% 65% 84%
With aortic event” 74 (30%) 25 (35%) 132 (48%)
Thoracic aortic dissection 31 (42%) 13 (52%) 116 (88%)
Type A 23 (31%); 39+9 10 (40%); 38+12 71 (54%); 36+12
Type B 8 (11%); 4410 3 (12%); 346 28 (21%); 29+12
Aneurysm repair 43 (58%); 39+13 12 (48%); 35+16 16 (12%); 33+18
Without aortic event 169 (70%) 46 (65%) 145 (52%)
Ascending aortic aneurysm 135 (80%) 42 (91%) 25 (17%)

*
Frequency of aortic event or diagnosis and mean age * standard deviation are provided.
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