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Abstract

Background: Thoracic aortic aneurysm and dissection (TAAD) is a life-
threatening pathology that remains a challenge worldwide. Up to 40% of TAAD
cases are hereditary with complex heterogeneous genetic backgrounds. The pur-
poses of this study were to determine the diagnostic rate of patients with TAAD,
investigate the molecular pathologic spectrum of TAAD by next-generation se-
quencing (NGS), and explore the future preclinical prospects of genetic diagnosis
in patients at high -risk of study.

Methods: NGS was used to screen 15 genes associated with genetic TAAD in 212
patients from northwestern China. Clinical data of patients were gathered by elec-
trocardiography, transthoracic echocardiography, and computed tomography.
Results: Of the 212 patients, 67 (31.60%) tested positive for a (likely) patho-
genic variant, 42 (19.81%) had a variant of uncertain significance (VUS), and 103
(48.58%) had no variant (likely benign/benign/negative). A total of 135 reportable
variants were detected in our test, among which 77 (57.04%) are first reported
in this paper. A genotype-phenotype correlation of FBNI was assessed, and the
data showed that the patients with truncating and splicing mutations are more
prone to developing severe aortic dissection than those with missense mutations,
especially frameshift mutations (82.76% vs. 42.86%). In this study, 43 (20.28%)
patients had a family history of sudden death or TAAD, whereas 132 (62.26%) did
not (the remaining 37 were not available), and the positive rate of genetic testing
was higher in TAAD patients with family history than in those without (76.74%
vs. 18.94%).

Conclusion: Our study concludes that genetic variation is an important consid-
eration in the risk stratification of individualized prediction and disease diagnosis.
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1 | INTRODUCTION

Thoracic aortic aneurysm and dissection (TAAD) is
one of the most common causes of sudden death today
(Meszaros et al., 2000). According to data from the US
Centers for Disease Control and Prevention, aortic rup-
ture/dissection is the 19th leading cause of death among
residents (43,000-47,000 deaths/year) (Hoyert et al.,
2001). Patients with aortic aneurysms usually do not
have any symptoms until they are diagnosed with aortic
rupture/dissection, which makes the early diagnosis of
aortic aneurysms difficult (Kuzmik et al., 2012; Nienaber
& Clough, 2015). If high-risk patients are detected, and
interventions are carried out in a timely manner, mor-
tality can be greatly reduced (Huynh & Starr, 2013).
Genetic variants can lead to the occurrence of aortic
disease, thus providing feasibility for the early diagnosis
and family screening of patients with aortic aneurysms
(Jondeau et al., 2016; Regalado et al., 2015). If the in-
dividual is known to have a genetic predisposition to
TAAD, treatment can be initiated as early as possible to
prevent the risk of death from an aortic aneurysm or dis-
section. Studies have found that approximately 20%-40%
of patients with TAAD syndrome have a family history,
suggesting that a large portion of the disease is caused
by genetic factors (Albornoz et al., 2006; Biddinger
et al., 1997). A previous analysis of families with TAAD-
affected individuals found that the disease mainly fol-
lows the autosomal dominant inheritance pattern, with
incomplete penetrance, suggesting that single-gene
variants are very likely to be the genetic causes of the
disease. The clinical phenotype of TAAD is highly vari-
able, not only in the age of onset and aortic lesions but
also in other cardiovascular diseases, such as congenital
heart disease (congenital aortic stenosis and patent duc-
tus arteriosus), and other vascular diseases (intracranial
aneurysms, coronary heart disease, and cerebrovascu-
lar obstructive diseases) (Erbel et al., 2014; Moll et al.,
2011). The diversity of clinical manifestations of TAAD
suggests that there may be multiple causative genes, and
this view has been confirmed through the identification
of various pathogenic gene variants in TAAD patients
(Renard et al., 2018). Although some other genotype-
phenotype studies have been performed in TAAD, the
full spectrum of gene variants and the exact correlations
to phenotype are still subject to debate (Gago-Diaz et al.,
2017). A deeper understanding of the relation between
genotype and phenotype can aid in clinical diagnosis.
The objective of our study was, therefore, to summarize
the different genetic variants and establish a genotype-
phenotype correlation in a broad population of TAAD
patients, with a particular focus on FBN1 (OMIM
134797) and aortic events.

2 | METHODS

2.1 | Participants

The current study was approved by the ethics commit-
tee of Xijing Hospital and adhered to the Declaration of
Helsinki. All experimental protocols were approved by
the ethics committee of Xijing Hospital and were carried
out in accordance with the approved guidelines. Each
individual undergoing the genetic test was adequately
informed regarding the benefits and risks of the test and
signed the consent form.

Between August 2017 and September 2019, we tested a
total of 212 patients with various aortic phenotypes, such
as early onset aortopathy patients with no apparent sec-
ondary causes and patients suspected of having Marfan
syndrome. Electrocardiography, transthoracic echocardi-
ography, and computed tomography were the main meth-
ods used to examine the aorta and heart. The follow-up
study was carried out in subsequent clinic visits to the out-
patient department and by telephone interviews.

2.2 | Next-generation sequencing

The gene panel we used contains 15 genes known to
be associated with Marfan syndrome and its related
aortic diseases and has been described previously de-
scribed (Yang et al., 2016). The 15 genes are FBNI,
TGFBR1 (OMIM 190181), TGFBR 2 (OMIM 190182),
SMAD3 (OMIM 603109), SMAD4 (OMIM 600993),
TGFB2 (OMIM 190220), COL3A1 (OMIM 120180),
SLC2A10 (OMIM 606145), MYH11 (OMIM 160745),
ACTA2 (OMIM 102620), NOTCH1 (OMIM 190198),
MYLK (OMIM 600922), PRKG1 (OMIM 176894), FBN2
(OMIM 612570), and SKI (OMIM 164780). Genomic DNA
was extracted from ethylene diamine tetraacetic acid
(EDTA)-anticoagulated whole blood and checked to en-
sure DNA quality and quantity before processing. Library
preparation was performed according to the manufac-
turer's instructions (Ion AmpliSeq™ library kit 2.0, Life
Technologies, Inc.). Pooled libraries (up to 12-15 samples
per chip) were sequenced on an Ion 318TM Chip on a Life
PGM™ Instrument. Suspected pathogenic variants and
VUSs were confirmed using Sanger sequencing. Exons in
FBN1 with low (<20X) or no coverage were also subjected
to Sanger sequencing to obtain 100% coverage.

2.3 | Familial screening

If findings showed a pathogenic genetic variant, first-
degree relatives began a screening process consisting of
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TABLE 1 Comparison of clinical characteristics in patients with (likely) pathogenic mutation and with no suspicious mutation

(Likely) Pathogenic mutation

(n=67)
Female sex, n (%) 19 (28.36%)
Average age, n (%) 31.60 + 9.74 (y)

Average height (Male/Female)

Hypertension, n (%) 9 (13.43%)

46 (68.66%)
48 (71.64%)
34 (50.75%)

42 (62.69%)

Aortic dissection, n (%)
Aortic aneurysm  Aortic root, n (%)
Ascending aortic, n (%)

Co-occurrence of aneurysms and

dissections
Valvular disease, n (%) 33(49.25%)
Family history, n (%) 33 (49.25%)

Ectopia lentis, n (%) 14 (20.90%)

an exhaustive physical examination, transthoracic echo-
cardiography, and genetic testing to screen for the same
variant that was found in the index case.

2.4 | Variant filter criteria

Nonsynonymous variants with a rare allele frequency
<0.1% with the absence of variant alleles either in the
1000 Genomes Project database, the NCBI dbSNP da-
tabase, the 5000 Exomes database, or in our reference
samples (GRCh37/HG19) were taken for further analy-
sis. Variants were categorized according to the American
College of Medical Genetics (ACMG) (Richards et al.,
2015). Specifically, the analysis was based on the follow-
ing criteria: (a) whether they were previously reported in
a functional study or in a family segregation study, (b) the
nature of the variant (e.g., nonsense, frameshift indel, or
splicing mutation [intron +1 or +2]), (c) variant frequency
in the 1000 Genomes Project database or in the Exome
Sequencing Project (ESP6500) and ExXACO03, (d) conser-
vation of the altered residue, (e) in silico-based computa-
tional prediction (SIFT, PolyPhen-2, or Mutation-Taster),
(f) de novo occurrence, and (g) family segregation studies.
Based on this information, a variant was classified into
one of the five following categories: benign, likely benign,
unknown significance, likely pathogenic, or pathogenic.

2.5 | Statistical analysis

Qualitative variables are expressed as percentages and
relationship contrasts were analyzed using the y* test
or, failing that, the Fischer test. Quantitative variables

180.42 + 14.85/173.40 + 8.72 (cm)

No suspicious mutation
(n =103) P
20 (19.41%)

39.03 + 10.35 (y)

176.15 + 6.68/164.87 + 6.03
(cm)

0.175
<0.001
<0.001/0.005

42 (40.78%) <0.001
72 (69.90%) 0.863
48 (46.60%) 0.001
55 (53.40%) 0.735
47 (45.63%) 0.030
41 (39.80%) 0.225
3(2.91%) <0.001
4 (3.88%) 0.001

expressed as mean + standard deviation was analyzed
using Student's t-test for variables that followed a normal
distribution and the Mann-Whitney U test for those that
did not. All statistical analyses were conducted using SPSS

v21.

3 | RESULTS

3.1 | Clinical characteristics
A total of 212 patients with suspected genetic TAAD
were enrolled in our cohort. The age of the patients
ranged from 3.5 to 69 years, and their age at diagnosis
was 38.14 + 11.33 years. Among them, 166 patients were
male (78.30%), and 46 patients were female (21.70%). The
mean age of men and women was 38.11 + 11.62 years
and 38.22 + 10.56 years. Forty-three (20.28%) patients
had a family history of sudden death or TAAD. The mean
age of them was 36.48 + 9.32 years old. Furthermore, the
mean age of 132 (62.26%) individuals with negative fam-
ily history was 39.52 + 12.44 years. The family history of
the remaining 37 patients was not available. Of the 43
patients with a family history, 33 (76.74%) were identi-
fied with (likely) pathogenic variants. However, only 25
(18.93%) among 132 individuals had a negative family
history.

Of the 212 patients, 67 (31.60%) tested positive for
a (likely) pathogenic variant, 42 (19.81%) had a VUS,
and 103 (48.58%) had no variant (likely benign/benign/
negative) according to the 15-gene panel (mentioned
in METHODS). Since a VUS should not be considered
disease-causing, the clinical characteristics of patients
with (likely) pathogenic variants were compared with
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those of patients with no variant (summarized in Table
1). Patients carrying causative variant with an aver-
age age of 31.60 + 9.74 years were younger than those
carrying no significant variant, with an average age of
39.03 + 10.35 years (p < 0.001). The average height of
the patients with (likely) pathogenic variants was higher
than that of the patients with no variant, both for males
(180.42 + 14.85/173.40 + 8.72 cm, p < 0.05) and females
(176.15 + 6.65/164.87 + 6.03 cm, p < 0.05). A family his-
tory was more frequent in patients with (likely) patho-
genic variant (49.25% vs. 2.91%, p < 0.05). In our cohort,
19 individuals had ectopia lentis, and one had lost his
sight. Of these 19 individuals, 14 carried likely patho-
genic/pathogenic variants, 1 had a detected VUS, and
4 had no variant. Regarding cardiovascular issues, hy-
pertension was more commonly found in patients with
no variant (40.78% vs. 13.43%, p < 0.05), and the inci-
dence of aortic root aneurysms was higher in patients
with (likely) pathogenic variants than in patients with
no variant (71.64% vs. 46.60%, p < 0.05). However, the
differences in aortic dissection, ascending aortic aneu-
rysm, and valvular disease were not significant between
the two groups (68.66% vs. 69.90%, p = 0.863; 50.75%
vs. 53.40%, p = 0.735; and 49.25% vs. 39.80%, p = 0.225,
respectively). According to these data, there is a co-
occurrence of an aortic aneurysm and dissection in both
groups; these events occurred 42 times in patients with
(likely) pathogenic variant and 47 times in patients with
no variant, and the differences were significant (62.69%
vs. 45.63%, p < 0.05).

3.2 | Genetic characteristics

The gene panel sequencing of 212 TAAD patients re-
vealed 135 reportable variants in 109 patients. According
to ACMG/AMP guidelines for variant classification, 67
(49.63%) were classified as (likely) pathogenic variants
(Table 2), and 68 (50.37%) were classified as VUSs (Table
S1). Several patients carried more than one pathogenic
variant (PV), likely pathogenic variants (LPV), and/or
VUS, which explains the difference between the number
of variants and the number of patients with reportable
variants. Twenty-three individuals with more than one
PV, LPV, or VUS are listed in Table S2. (Likely) PV were
identified in FBN1, ACTA2, MYH11, TGFBR1, TGFB2,
and COL3A1, and VUSs were identified in 14 genes in
the panel (all except for SKT) (Figure 1). Most (58/67) of
the (Likely) PV occurred in the FBNI1 gene because the
cysteine residues in this gene are evolutionarily conserved
and have essential functions. Thus, disruption or produc-
tion of a cysteine residue indicates that the variant is prob-
ably pathogenic.

Fifty-two of the 135 reportable variants (38.52%) have
been reported in the ClinVar, HGMD, or UMD (http://
www.umd.be/FBN1/) database, and 77 (57.04%) were
first reported in our paper. At least 47 of the 109 patients’
parents accepted genetic testing by Sanger sequencing for
the variant identified in their child. Twenty-nine (61.70%)
individuals inherited the variants from their parents, and
the other 18 (38.30%) individuals had de novo variants, in-
dicating that neither parent carried the same variant as
the proband.

3.3 | Genotype-phenotype
correlation of FBN1

Of all the 212 probands, 58 tested positive for a (likely)
pathogenic FBNI variant. We investigated the correlation
between the FBN1 variant type and aortic events, and the
results are shown in Table 3. Most patients showed more
than one cardiovascular manifestation. Thirty-seven pa-
tients had a life-threatening aortic dissection, 46 had an
aortic aneurysm, and 32 had severe valvular disease (in-
cluding bicuspid aortic valve and mitral valve prolapse),
and these patients underwent an appropriate vascular
surgery. In addition, five patients had mild aortic dila-
tion or only skeletal manifestations at a very young age
(13.50 years); therefore, attention to aortic progression
should be paid in future. The truncating and splicing mu-
tations tended to result in more serious aortic dissection
than missense mutations according to the data (82.76%
[24/29] vs. 42.86% [12/28]). Moreover, patients with FBN1
frameshift mutations experienced aortic dissection at an
earlier age than those with missense mutations (32.0 years
vs. 35.1 years). In addition, one unique deletion in FBNI
(c.5796_5798delTCA, p. Ser1933del) was detected in
a young male who had undergone surgery due to life-
threatening aortic dissection when he was only 19 years
old.

3.4 | Family analysis and variant
reclassification

Family segregation studies can provide strong evidence for
variation classification; hence, they should be performed
when available. Eleven variants were reclassified through
family segregation. The variants were downgraded to likely
benign because their healthy family members also carried
the variant, the variant details are shown in Table 4.
Notably, a novel variant ACTA2 (c.583delC, p.
Leul95Term) was found on our screen. The variant was
first detected in the proband (II1) of a family affected by
TAAD (Figure 2). The patient's two younger sisters and
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FI G URE 1 N Summary of reportable TGFBR? LS
variants identified per gene. The TGFBRI i
distribution of reportable variants, 1
. . . . TGFB2 1
including pathogenic variants (PVs), :
. . . SMAD4 |3
likely pathogenic variants (LPVs), and 1 u PV (pathogenic variant)
variants of uncertain significance (VUSs), SMAD3 ™ m LPV (likely pathogenic)
identified in a 15 gene panel across SLC2410 ¥ 7 e
the cohort of 212 individuals is shown. PRKGI I VUS (variant of uncertain significance)
Numbers of PVs, LPVs, and VUSs per NOTCHI 13
gene are given. Among the 135 reportable MYLK 113}
variants, 31 were pathogenic, 36 were MYHI1I B0
likely pathogenic, and 68 were VUSs FBN2 113
FBNI | 12
COL341 W2
ACTA2 3
0 10 20 30 40 50 60 70 80
TABLE 3 FBNI mutation type and average age in patients with various aortic events
Aortic Aortic Marfan with mild
dissection aneurysm Valvular disease aortic dilation
Truncating Frameshift (n = 13) 11 (32.0y) 11 (33.3y) 4(33.8y) 0
Nonsense (n = 9) 7 (36.8y) 7 (32.8y) 5(29.5y) 0
Splicing (n = 7) 6 (32.8y) 5(35.5y) 4 (26y) 1 (3.5y)
Deletion (n = 1) 1(19.0y) 1(19.0y) 1(19.0y) 0
Missense (n = 28) 12 (35.1y) 22 (33.8y) 18 (34.6y) 4 (16y)
Total (n = 58) 37 46 32 5

Abbreviation: y, years old.

one younger brother died suddenly around the age of
35 years, and his younger brother (II5) was diagnosed
with aortic dissection when he was 39 years old. The vari-
ant mentioned above was identified by Sanger sequencing
in the DNA of II5. However, we still classified the variant
as a VUS due to the loss of function of the ACTA2 gene via
an unknown molecular mechanism. Further functional
studies are necessary to confirm its pathogenicity.

4 | DISCUSSION

Genetic testing for rare disease-causing variants in TAAD
genes is used worldwide now. It is crucial to identify indi-
viduals with an increased risk for TAAD because dissec-
tions and the associated premature deaths are preventable.
NGS has become a practical screening method to identify
disease-related gene variants (Chong et al., 2015). In our
study, NGS was performed to determine variants in 15
candidate genes associated with TAAD in 212 patients
from northwestern China. We found 135 variants in 109
patients, 77 of which were first detected by us, enriching
the gene mutation spectrum of TAAD. The high rate of
novel variants (62.22%, 84/135) is due to the high degree

of clinical and genetic heterogeneity of hereditary TAAD,
much of which is unique to the patient's family. These 135
variants were classified according to the ACMG guidelines
(Richards et al., 2015); 67 were classified as (likely) PV and
68 were classified as VUSs. Because of the strict enroll-
ment conditions, the positive rate in our study (31.60%,
67/212) was higher than that in others (Proost et al., 2015;
Zheng et al., 2018; Ziganshin et al., 2015).

In our study, the mean age of patients was
38.14 + 11.33 years, which is significantly younger than
that of patients with AAD in the Sino-Registry of Aortic
Dissection (RAD) in China (51.8 + 11.4 years) and
the International Registry of Acute Aortic Dissection
(IRAD, 63.1 + 14.0 years) (Wang et al., 2014). Previous
studies have reported more men than women with
AAD (Fanget al., 2017; Zheng et al., 2018). The propor-
tion of male patients in this study was 78.30%, consis-
tent with that of patients in the Sino-RAD (77.8%), and
higher than that of patients in the IRAD (65.3%). Our
results show that patients with causative variants have
obvious clinical distinctions from patients without
variants. First, patients with causative variants were
significantly younger than those without variants, and
the average height of patients in the causative variant
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E 55 5 5 B E o g E - 'g group was distinctly higher than that of patients in
A 88T o8 the no variant group. Second, although there was no
S & A & A8 = = s . . L S
2SS 2 2 v 22288 398 3 significant difference in the incidence of aortic dissec-
8
9 F 2 £ 223 L &K & B . . . .
MS HEEEEEEASOUQOU S tions, ascending aortic aneurysms, or valvular diseases
= 3 between the two groups, aortic root aneurysms were
o = . . . .
= 52 more severe in the causative variants group. This sug-
LI g g E , , rians grofp &
& S g8 8 8 S = = gests that patients with causative variants suffer from
A °E < e ° s the earlier onset and more severe phenotypes. Third, as
£ P yp
g 2 g g g g 2.9 g & al© we expected, hypertension was more commonly found
© © O © 6 6 © &6 © 6 o = X X . K . K
,5 ;gn gﬂ gﬂ 'go gﬂ §D ;38 ;30 gb a a § in the no variant group, since hypertension is the main
Bt EE L EEESE 8 z predisposing factor of nonhereditary TAAD. Overall,
85 82828282 ¢8¢ 2 the phenotype of patients with detected causative vari-
S8 ZEfEEEEEEEE B ts is distinguishable from those without variant
E% EEEEEEEEEECE £ an51§ 1smgu1.s a.e' rom those \'7v1' out variants.
RS Mo R R R R R R R R The differences in clinical characteristics may reflect
'g different pathophysiologic processes between the
Q Q
g == A two groups. In addition, although the ratio of males
.91 [P @) N >
an  on = . . . . .
§ En §n g,) Eo @J En gﬂ En g % Eo < Fo femgles in a%l patlen.ts studied was almost 3:1, this
-2 555855555 885 S is consistent with previous reports (Pape et al., 2015;
:g.n.n_onnna_t:%%n . .
S8 22 x>mmkmsD e Zheng et al., 2018). However, in the (likely) PV group,
gﬁoomwmwwoﬁﬁoﬂ g y group
SR N N N R~ =~ i e I % the male/female ratio decreased to 2.53:1, which may
g be related to poor lifestyle choices made by men (e.g.,
- =] .
g 3 g smoking and alcohol abuse).
§§ é Cé § é § § é é) é § § ;A Many studies have shown that patients with patho-
RO enic FBN1 variants are at risk for developing Marfan
o= g ping
g o 5 e @ B9 . 2 8% syndrome, and a detailed genotype-phenotype correla-
D0 8<082a5d o5 . . .
B = = B> B <IN S 3 g tion between the FBNI1 variant type and aortic events
g 85 xeIaI8F g . . .
S H oS- 22 3o Q" oA of was investigated (Tan et al., 2017). In this study, most of
82 25252258 ®:e 23 8 Y
R I e R R A s SN the variants were detected in the FBNI gene, including
A A A A oA A f A A s e A g . .
- 58 (likely) PVs and 12 VUSs. Among the 58 (likely) PVs,
= o . . . .
£ = missense mutations (28/58) and frameshift mutations
Z s . L
sl
é’ OO OB RO, 2 : (13/58) had the ‘hlghest 1n(:1d?3nce. However, most of
b= AN A NDINDNNANT A 2B the VUSs were missense mutations (9/12). In summary,
S 2 < U < AD UV O & O E 8 Y
S8 8386832282853 2% the incidence of missense mutations was the highest
- HHHBHHBHEBEE s
- M A R R R B E‘& followed by frameshift mutations, which is mostly con-
- £ 2 sistent with the literature, but the ratios were slightly dif-
o S g ferent (B M t al., 2018; Franken et al., 2016)
£ T = erent (Becerra-Munoz et al., ; . .
g X H 2T EN SR .S %ﬂg Furthermore, patients with truncating and splicing mu-
g £ § £E 8§ 8 5§ 8§ 8 £ § §| 538 tations were more prone to developing severe aortic dis-
ﬁxxxxxxxxxxxgw . . . . .
M B “Bd "B B B ge sections than those with missense mutations, especially
" © g ; s frameshift mutations, in which patients showed an ear-
E MM B H K S g o 5 lier age of aortic dissection occurrence than those with
5 T I3 8882zs 328 22k i i Similarly, Baudhuin et al. and Y:
3 8 S58888:28¢8¢:38¢: SE % missense mutations. Similarly, Baudhuin et al. and Yang
S o & S o & S S S S o = 5 Y ;
g g E‘ 2' El El El El EI El 2' 2' El g ez et al. once reported that a higher frequency of truncat-
= g . .. . . . .
‘é H zzZzZZzZzzzzzzz %8 é ing or splicing FBN1 variants in patients with Marfan
15} 17}
5 § % § syndrome who experienced an aortic event than in those
> Ny . .
32 ~ & - = I = - = = %ﬂ 3 S who did not (Baudhuin et al., 2015; Yang et al., 2016).
b o T O FET M Edas gAY g8 g However, the mechanism is still not clear.
z g T g S = s 2 2 T & IRER: . . o
jg 3 E > SSSREBRSRSZ gz i‘ In this study, 43 (20.28%) patients had a family his-
F g § 2 tory of sudden death or TAAD, which falls within the
=] . . .
< =] g7 E previously reported 20-40% range of patients with
g9 = . . .
= % N3N e RE D 2FE a family history (Dietz et al., 1991; Fang et al., 2017).
A ELRRAAEE8588aaa SEE When considering family history, the variant detec-
< @ <<<<<<<<<e= 543 £ :

tion rate was 76.74% (33/43), whereas that in patients
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E TAAD ACTA2+ O
I:1
72y 73y
ACTA2- ACTA2+
MYLK- MYLK+
O @ O FEO
I:1 :2 :3 14 -5 1:6 7 11:8 9 11:10
d:46y d:~35y d:~35y d:~35y 39y
ACTA2+ ACTA2+
MYLK+ MYLK+
:1 -2 3 14 H:5 -6 n:7 -8 -9
24y 28y 24y 21y 12y 20y 12y
ACTA2+ ACTA2- ACTA2- ACTA2- ACTA2- ACTA2+ ACTA2+
MYLK+ MYLK- MYLK- MYLK- MYLK+ MYLK- MYLK+

FIGURE 2 Pedigree of the family with the ACTA2 (p. Leul95Term) variant. Circles represent females, squares represent males, and the
arrowhead indicates the proband. A diagonal line through a symbol indicates that the individual is deceased, with their age of death shown
below the symbol. Age at detection is shown below each individual. Symbols used to represent disease and variant status are indicated in the

figure key. TAAD, Thoracic aortic aneurysm and dissection

without a family history was 18.93% (25/132). This re-
sult indicates that genetic testing is more efficient in
TAAD patients with family history than in those with-
out. According to the ACMG guidelines, we readjusted
the pathogenic grades of 10 variants by family member
verification, and the variants were downgraded to likely
benign because the healthy family members also carried
the same variants. An ACTA2 nonsense mutation was
detected in our test in a distinctive TAAD family. The
molecular mechanism of TAAD induced by missense
mutations in ACTA2 due to dominant-negative effects
has been defined (Guo et al., 2007). However, the mech-
anism of the loss of function of ACTA2 is not yet clear,
although Marjolijn Renard et al. once reported non-
sense mutations in two TAAD patients (Renard et al.,
2013). As a result, we classified this variant as a VUS.
Further functional studies are needed to confirm its
pathogenicity in future work.

Although the results of our study are important,
the number of patients in our study is still insufficient.
Larger sample size is critical for determining the cor-
relation between genotype and phenotype. For patients
with a VUS, we performed relative verification only in
a family with a family history, which may have resulted
in the omission of some potentially positive informa-
tion. Our panel contains only 15 genes, and genes that
are not yet included may also have PVs. These variants
are difficult to detect due to limitations in gene panel
detection methods. Our team is currently experiment-
ing with whole-exome sequencing to overcome these
shortcomings.
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