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Abstract

Background: Previous studies showed that the fibrillin-1 gene (FBNI) is responsi-
ble for Marfan sydrome (MFS) pathogenesis. This study is conducted to screen for
mutations in the FBNI gene in Chinese families with MFS.

Methods: Eight families with MFS and related disorder were recruited in this study.
All available family members underwent complete physical, ophthalmic, and cardio-
vascular examination. Mutation screening was performed using targeted next-gen-
eration sequencing. Candidate variants were amplified by polymerase chain reaction
and verified by direct Sanger sequencing.

Results: Four novel heterozygous mutations in FBNI, including c.2861G>T
(p-R954L), c.4087G>A (p.D1363N), ¢.4987T>G (p.C1663G), and ¢.5032T>G
(p-Y1678D), as well as four known mutations, ¢.3617G>A (p.G1206D), c.4460A>G
(p-D1487G), ¢.4588C>T (p.R1530C), and c.718C>T (p.R240C) were identified.
Affected patients from each family were found to carry one of the mutations, whereas
the unaffected members and 1,086 normal controls were not. Each mutation was
found to be cosegregated with MFS phenotype and related disorder in each family.
Multiple sequence alignment of the human fibrillin-1 protein showed that these mu-
tations occurred in a highly conserved region among different species.
Conclusions: Eight FBNI mutations were identified in Chinese families with MFS
and related disorder. These data expands FBNI mutation spectrum and further em-
phasizes the role of FBN/ in the pathogenesis of MFS.
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1 | INTRODUCTION
Marfan syndrome (MFS) is an autosomal dominant hered-
itary and multiple-systemic disease, mainly involving the
ocular, skeletal, and cardiovascular systems (Judge & Dietz,
2005). It has large clinical variability (both within and be-
tween families) and genetic heterogeneity (Dietz et al., 1995;
Faivre et al., 2015). According to the revised Ghent criteria
for MFS (Radonic et al., 2011), the cardiovascular and ocular
manifestations, including aortic root aneurysm and ectopia
lentis, are sufficient for the unequivocal diagnosis of MFS
with or without a positive family history.

In 1991, heterozygous mutations in the fibrillin-1 gene
(FBN1, OMIM: 134,797) coding for fibrillin-1 were reported

i .

to cause MFS (Tynan et al., 1993). FBNI mutations have
been found in >90% of MFS. At present, more than 3,000
mutations in the FBNI gene have been identified in relation
to MFS (Xiao et al., 2017). Most mutations are unique in each
MFS family, and only approximately 10% of mutations are
recurrent among different families (Dong et al., 2012). The
FBNI gene, located at chromosome 15g-21.1, is comprised
of 65 exons spanning 235 kb of genomic DNA. It encodes a
secreted 350-kDa glycoprotein (Sakai, 1986) that is highly
conserved among different species. Fibrillin-1 is a large mod-
ular glycoprotein that assembles to form 10- to 12-nm micro-
fibrils in the extracellular matrix (Pereira et al., 1993). These
microfibrils provide force-bearing structural support in elas-
tic and nonelastic connective tissue throughout the body. The
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FIGURE 1 Eight families with MFS
and related disorder were recruited in this
study. Squares represent males; circles
represent females; solid symbols indicate
affected patients; open symbols indicate
unaffected subjects; and arrow indicates the
proband in this family
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intracellular dominant negative or haploinsufficiency muta-
tions of FBN1 are the main pathogenic mechanism of MFS
(Dietz et al., 1993; Judge & Dietz, 2005; Matyas et al., 2007).
Therefore, molecular genetic testing plays a prominent role in
the diagnosis of MFS, particularly for children or suspicious
patients (Radonic et al., 2011).

In this study, we characterized the clinical manifesta-
tions and investigated the molecular basis of eight Chinese
families with MFS, to screen for mutations that cause MFS
using targeted next-generation sequencing (NGS) method
and potentially promote the understanding of pathogenesis
of MFS.

2 | MATERIALS AND METHODS
2.1 | Ethic committee statement and subject
recruitment

The ethic committee of Sichuan Provincial People's Hospital
approved the project and investigators followed the princi-
ples of the Declaration of Helsinki. Eight nonconsanguineous
families with MFS were recruited from Sichuan Provincial
People's Hospital (Figure 1) in this study. Informed consent
was obtained from each patient and their related families be-
fore genetic testing. According to the revised Ghent criteria
(Radonic et al., 2011), each proband in the eight families
was diagnosed with MFS and related disorder. All available
members of eight families underwent complete physical,
cardiovascular, and ophthalmological examinations. A total
of 1,086 ethnically matched, unrelated, and normal healthy
individuals were recruited from Sichuan Provincial People's
Hospital. These control individuals, also underwent the same

TABLE 1 Clinical information of patients in the families with MFS
Family Patient Age (years)
1 1I:2 48

mr:1* 24
1.2 17
II1:3 10
2 IL:1* 3
3 m:1* 10
4 I:1* 18
5 :1* 3
6 I:2* 54
7 1I:2 42
II:1 9
r:2* 7
8 I1:2* 51
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examinations, had no medical history associated with any re-
lated diseases.

2.1.1 |

Genomic DNA samples were extracted from periph-
eral blood using a Qiagen FlexiGene DNA kit (Qiagen,
Duesseldorf, Germany). These DNA samples from 11:2,
II:4, 1II:1, III:2, and 11:3 in family 1, I:1, II:1, II:3, and
II:1 in family 2, I:1, I:2, and II:1 in family 3, I:1, 1:2,
II:1, and II:2 in family 4, I:2 and II:1 in family 5, I:1,
I:2, and II:1 in family 6, II:1, I1:2, 11:3, III: 1, and III:2 in
family 7, II:1 and II:2 in family 8, were analyzed by tar-
geted NGS, respectively. As reported in previous study
(Xiao et al., 2017), a custom-designed gene panel, syn-
thesized by the Agilent Sure-Select Target Enrichment
technique (Kangso Institute, Beijing, China), was used
to capture the coding regions from 331 genes, includ-
ing their exons and exon—intron boundaries (1.285 M bp
in total). The detected variants were annotated and fil-
tered based on public and in-house databases: (i) variants
within intergenic, intronic, and UTR regions and synon-
ymous mutations were excluded from downstream analy-
sis; and (ii) variants in dbSNP138 (http://www.ncbi.nlm.
nih.gov/projects/SNP/), 1,000 Genomes Project (ftp://
ftp.1000genomes.ebi.ac.uk/voll/ftp), YH  Database
(http://yh.genomics.org.cn/), and HapMap Project
(ftp://ftp.ncbi.nlm.nih.gov/hapmap)
Heterozygous variations of genes with autosomal domi-
nant heredity were regarded as likely causative variations.
We performed validation and parental origin analysis for
these identified variations using conventional Sanger

Mutation screening

were  excluded.

Ocular Cardiovascular Skeletal
EL, M, S AR, PC, Sco
EL, M, S AA (45 mm) AR, PC, Sco
EL, M, S ARD (33 mm) AR, PC, Sco
EL, M, S ARD (32 mm) AR, PC, Sco
EL, M, S AR, PC, F
EL, M, S AR, PC

EL, M, S AA (treated) AR

EL, M, S - -

EL, M, S AR, PC, F
EL, M, S - -

EL, M, S - -

EL, M, S - -

EL, M, S AA (44 mm) AR, PC, Sco, HD

Note. -: not available; EL: ectopia lentis; M: high myopia >6.0D in both eyes; S: strabismus; AA: aortic aneurysm; ARD: aortic root diameter; AR: arachnodactyly; Sco:
scoliosis, PE: pectus excavatum; PC: pectus carinatum, F: flatfeet; HD: hindfoot deformity.

“Proband.


http://www.ncbi.nlm.nih.gov/projects/SNP/
http://www.ncbi.nlm.nih.gov/projects/SNP/
ftp://ftp.1000genomes.ebi.ac.uk/vol1/ftp
ftp://ftp.1000genomes.ebi.ac.uk/vol1/ftp
http://yh.genomics.org.cn/
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FIGURE 2 Clinical features of MFS patients. (a and b) Slit lamp photograph showed that both eyes of the proband in family 1 (III:1) had
ectopia lentis with lens superior deviation; (c and d) lens temporal deviation occurred in both eyes of the proband's young sister (I1I:2) in family 1;

(e and f) lens temporal-superior dislocation occurred in both eyes of the proband's younger sister (I1I:3) in family 1; (g and h) the proband in family

8 (II:2) had long fingers and flat feet. OS, oculus sinister (left eye); OD, oculus dexter (right eye)

sequencing method. The causative mutations were con-
firmed according to parental origin of the variations and
clinical features of the patients. The sequences of above
variations sites in FBNI (NM_000138.4/NP_000129.3)
were obtained from GenBank and amplified by polymer-
ase chain reaction (PCR) using the primers in previous
study (Xiao et al., 2017). Amplified PCR products were

purified and sequenced directly (BigDye Terminators
Sequencing kit) with an Automated Genetic Analysis
system 3,130 (both from Applied Biosystems; Thermo
Fisher Scientific, Inc.). At last, the possible damaging
effects of the mutation on the structure and function were
predicted using SIFT, PolyPhen-2, Mutationtaster, and
ACMG classification.

FIGURE 3 FBNI mutations were identified in eight families with MFS. Each mutation was validated using Sanger sequencing. (a) The
mutation ¢.4987T>G was detected in the patients of family 1; (b) the mutation ¢.3617G>A was detected in the patients of family 2; (c) the
mutation ¢.5032T>G was detected in the patients of family 3; (d) the mutation ¢.4087G>A was detected in the patients of family 4; (e) the
mutation ¢.4588C>T was detected in the patients of family 5; (f) the mutation ¢.2861G>T was detected in the patients of family 6; (g) the mutation
¢.718C>T was detected in the patients of family 7; (h) the mutation c.4460A>G was detected in the patients of family 8
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3 | RESULTS 3
= S < < g < Z
3.1 | Clinical findings e EE 228 &2 £ £ 2
All the eight families with MFS were recruited from Sichuan = z £ Z &
Province (Figure 1). Clinical information of patients was % < E BNl o K-
ir (5] Q L 5 Q i (5]
summarized in Table 1. Affected patients from these fami- o 2 g2 2 g £ 2 < g 5
: o . . . ) < 35 5 5 4 5 a 5| B
lies exhibited similarly clinical symptoms of MFS, including @
aortic aneurysm, ectopia lentis, myopia, strabismus, arachno- %
dactyly, flat feet, and so on. All the healthy family members 5 » o o® @ oo % e o %
had no features of MFS. 2 z 2% 2% 2 3 & 2
. : . E S85%§88%§% § § § ;
In family 1 (Figure 1a), slit lamp photograph showed that = B S G B o b 5 &
two eyes of the proband had ectopia lentis with lens superior g 8 8 8 8 8 8 8 B é
deviation (Figure 2a-b), whereas lens temporal deviation (I11:2, = A A AAaA a a a &
. . . . . =
Figure 2c-d) and temporal-superior dislocation (III:3, Figure 2
2e-f) were observed in both eyes of the proband's young sisters, - .1 . " " " 3
respectively. The affected patients of family 2 (Figure 1b), fam- £ &8 &8 &8 E E§ § § z
ily 4 (Figure 1d), family 5 (Figure 1e), and family 6 (Figure 1f) EEEEE E E E &
exhibited similarly clinical symptoms including ectopia lentis, B TR BT e
myopia, strabismus, arachnodactyly, flat feet, and so on, but no 2 225 8§ % 2 =2 | Z
» © © © o o©o =] o =] o
. . = © © © © © <) <] S o
abnormality in cardiovascular system. Among of them, the fa- S IS G S & £ & 2
ther and grandmother of the proband of family 2 suffered from &
a classical MFS and died of a heart attack at the age of 42 and E
66 years, respectively. The affected patients in family 3 (Figure 2 2 2 2 3 g g g £
1c) and family 7 (Figure 1g) merely presented with abnormal- . 58585 & & § £
. . 2 S ey L = = L8
ity of ocular system. In family 7, the mother and elder sister of E d EH B z = 2 55)
the proband also suffered from ectopia lentis and high myopia. i
In family 8 (Figure 1h), the proband had the facial and skeletal y T 0 T o ol E
N —~ A N
features, involving long fingers and flat feet (Figure 2g-h). Her £ %’ % % % £ £ 9 %' %
mother was highly suspected of MFS and died of a heart attack E T o % % g g | g 2
- EER- -
when she was at age of 50 years. £ (US % LoI' % 23 23 z3 % .<§
EIEEEE2 52228 £
o] o Q Q o <
3.2 | Mutation screening of FBNI H
b
The quality and reliability of targeted NGS data were evaluated - =
based on the percentage of readable bases and the coverage § £
. . . H ¥R F &R & ~ & £
depth in the targeted region, to ensure complete sequencing 3
coverage of all coding regions in candidate genes. The cover- %’
age depth was up to 200x, with 100% of bases being readable E O o€ < ' O -
. . . o L 2 e
in coding regions. On average, 574 variations within the 331 = E28258 & i\ S
. T 8 B K a R & — Q s &
genes were covered in the analyzed samples. Under the auto- & g g e 15 2 2
. . 3 =
somal dominant model, the filtered data was narrowed down 2 SN S S S S p £
to a pathogenic heterozygous variant in each family. Each E o
variant, considered as causative candidate and pathogenic = 2»
=
mutation, was further validated using Sanger sequencing ° § £
= = =]
method in other family members and 1,086 normal controls. g B g
< = 9
Finally, we confirmed eight heterozygous mutations includ- é 2 ooz u o i
ing four novel mutations of the FBNI gene in the patients = @ 8 £ E&8R = g 5 £
ing four nov utati gene i patients, > 288k &q z 5 ¥ E
including ¢.2861G>T (p.R954L), c.4087G>A (p.D1363N), R < 0o »Aax & &~ Az
<)
c.4987T>G (p.C1663G) and c.5032T>G (p.Y1678D), as o g
well as four known mutations, ¢.3617G>A (p.G1206D), = g
> =
c.4460A>G (p.D1487G), c.4588C>T (p.R1530C), and '; E ¥ S
¢.718C>T (p.R240C) (Figure 3 and Table 2). These mutations : = _ ' - @ ~ . § §
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a p-Cys1663Gly p-Glyl206Asp
H.sapiens TRVCDDVNECETPGTICGPGTYNTVENY TCICPPDYMQVNG YHSTPDRLFCVDIDECSTIMNJIGCETFCTNSEGSYECSCQPG
P.troglodytes TRVCDDVNECETEGTICGPGTRYNTVENY TCICPPDYMOVNG YHSTPDRLFCVDIDECSIMNEGCETFCTNSEGSYECSCQPG
M.mulatta TRVCDDVNECETPGICGFGTYNTVGNY TCICPPDYMQVNG YHSTPDRLFCVDIDECSTMNEGCETFCTNSEGSYECSCQPG
C.lupus TRVCDDVNECETPGICGFGTRYNTVGNY TCICPPDYMQVNG YHSTPDRLFCVDIDECSIMNRGCETFCTNSEGSYECSCQPG
B.taurus TRVCDDVNECETPGICGFGTRYNTVGNY TCICPPDYMQVNG YHSTPDRLFCVDIDECSIMNRGCETFCTNSEGSYECSCQPG
M.musculus TRVCDDVNECETPGICGEGTRYNTVGNYTCICPPDYMQVNG YHPTHDRLFCVDICECSIMNRGCETFCTNSDGSYECSCQPG
R.norvegicus TRVCDDVNECETPGICGPGTRYNTVGNY TCTCPPDYMOVNG YHPTHDRLFCVDIDECSIMNEGCETFCTNSDGSYECSCQPG
G.gallus TRVCDDVNECDTEGICGPGTRYNTVENY TCICPPDYMOVNG YQSTADKLHCIDIDECSIMNEGCENFCTNSEGSYECSCKQOG
X.tropicalis TRVCDDVNECDQPGTCGPGTRFNTVGNY TCTCPPDYMQVNG YQLTPDKLSCVDTNECDFFNEGCDTFCTNSEGSYECHCRDG
p-Tyrlé78Asp p-Aspl363Asn
H.sapiens CGPGTCYNTVGNYTCTICPPDIMQVNGGNNCMOMRRSLCYRN AGSTKCSCSPGWIGDGIKCTLDECSNGTHMCSQHADCKNT
P.trogledytes CGPGTCYNTVGNYTCICFFPDEMOVNGGNNCMDMRRSLCYRN AGSFKCSCSPGWIGDGIKCTQLDECSNGTHMCSQHADCKNT
M.mulatta CGPGTCYNTVGNYTCICFPDEMOVNGGNNCMOMRRSLCYRN AGSFKCSCSPGWIGDGIKCTRLDECSNGTHMCSQHADCKNT
C.lupus CGPGTCYNTVGNYTCICE PDEMOVNGGNNCMDMRRSLCYRN AGSFKCSCSPGWIGDGIKCTHLDECSNGTHMCSQHADCKNT
B.taurus CGPGTCYNTVGNYTCICP PDEMOVNGGNNCMDMRRSLCYRN AGSFKCSCSPGWIGDGIKCTHLDECSNGTHMCSQHADCKNT
M.musculus CGPGTCYNTVGNYTCICPPDEMOVNGGNNCMOMRRSLCYRN AGSFKCSCSPGWIGDGIKCTRLDECSNGTHMCSQHADCKNT
R.norvegicus CGPGTCYNTVGNYTCICFFDEMOVNGGNNCMDMRRSLCYRN AGSFKCSCSPGWIGDGIKCTPLDECSNGTHMCSQHADCKNT
G.gallus CGPGTCYNTVGNY TCICP PDEMOVNGGNNCMDMRRSLCYRN PGSFKCSCSSGWIGNGIKCT@LDECSNGTHKCSPHADCKNT
X.tropicalis CGPGTCYNTVGNYTCICFPDEMOVNGGNNCMOMRRSLCFRN PGSFKCSCSPGWVGNGIKCSELDECSNGTHLCSPNADCKNT
p-Argl530Cys p.Arg954Leu
H.sapiens ICDCPPDFELNPTRVGCVDTJSGNCYLDIRPRGDNGDTACS KCQCPSGMTLDATGRICLDIJLETCFLRYEDEECTLPIAGR
P.troglodytes TCDCPPDFELNPTRVGCVDTRSGNCYLDIRPRGDNGDTACS KCQCPSGMTLDATGRICLDIQLETCFLRYEDEECTLPIAGR
M.mulatta TCDCPPDFELNPTRVGCVDTRSGNCYLDIRPRGDNGDTACS KCQCPSGMTLDATGRICLDIMLETCFLRYEDEECTLPIAGR
€. lupus TCDCPPDFELNPTRVGCVDTRSGNCY LDIRPRGDNGDIACS KCQCPNGMTLDATGRICLDIMLETCFLRYEDEECTLEVAGR
B.taurus TCDCPPDFELNPTRVGCVDTRSGNCYLDIRPRGDNGDTACS KCQCPSGMTLDATGRICLDIQLETCFLRYEDEECTLPVAGR
M.musculus TCDCPPDFELNPTRVGCVDTRSGNCYLDIRPRGDNGDTACS KCECPNGMTLDATGRICLDIQLETCFLKYDDEECTLPIAGR
R.norvegicus TCDCPPDFELNPTRVGCVDTHSGNCY LDIRPRGDNGDTACR KCECPSGMTLDATGRICLDIBLETCFLKY DDEECTLPIAGR
G.gallus TCECPPDFELNPTRVGCVDTRSGNCYLDIKTRGDNGGTFCS VCQCPSGMTLDASGRTCLDIQLESCYLQHEDEQCTAQIPGR
X.tropicalis TCECPPDFELNPTRVGCVDTESGTCYLDVKPRGDNGDVSCS VCQCPSGMTLDASKRTCLDIMLEICYLKHEEDEECSAQIAGR
p.-Arg240Cys p.Aspl487Gly
H.sapiens PCEMCPAQPHPCRRGFIENINTGACQDVDECQATL PGLCOGG LFRCECEIGYELDRSGGNCTVNECLDPTTCISGNCVNT PG
P.trogledytes PCEMCPAQPHPCRRGFIFNINTGACQDVDECQAL PGLCQGG LFRCECEIGYELDRSGGNCT@VNECLDPTTCISGNCVNTEG
M.mulatta PCEMCPAQPHPCRRGEI PNIMTGACQDVDECQAL PGLCQGE LFRCECEIGYELDRSGGNCTVNECLDPTTCISGNCVNTEG
C.lupus PCEMCPAQPHPCRRGFIENINTGACQDVDECQAL PGLCQGG LFRCECEIGYELDRSGGNCTRVNECLDPTTCIEGNCVNT PG
B.taurus PCEMCPAQPHPCRRGEFIFNIRTGACQDVDECQAL PGLCOQGG LFRCECEIGYELDRSGGNCTRVNECLDPTTCISGNCYNT BG
M.musculus PCEMCEAQPHECRRGFIPNIMTGACODVDECQAI PGMCOGG LFRCECEIGYELDRSGGNCTVNECLDPTTCISGNCVNTEG
R.norvegicus PCEMCPAQPHPCRRGFIFNI@TGACQDVDECQAT PGLCOGG LFRCECEIGYELDRSGGNCTRVNECLDPTTCISGNCVNT PG
G.gallus PCEMCPAQPHPCRRGFIFNINTGACQDVDECQAI PGICQGG LFRCECEVGYELDRSGGNCT@VNECADPTTCISGTCVNTAG
X.tropicalis PCEMCPAQPHPCRRGFIPNINTGACQDVDECQAT PGMCQGG LFRCDCDTGYELDRTGGNCTMVDECSE PTMCI SGTCQNTEG
b
C1663G
D1363N Y1678D
G1206D D1487G
R240C R954L RI530

FBN]1 protein +

Exon 5

10 15

[[] N-and C-termini
- Cysteine domain
[] Hybrid motif

20

253035

40

45 50 55

B Proline-rich domain
[ EGF-like domain, not calcium-binding

[] EGF-like domain, calcium-binding

60 65

FIGURE 4 Orthologous protein sequence alignment and structure diagram of FBN1 sequence. (a) Orthologous protein sequence alignment

showed the eight mutations sites happened in a highly conserved region of FBN1 among different species; (b) six mutations occurred in the calcium

binding EGF-like domain and two mutations happened in the cysteine domai

were absent in the unaffected members and the other 1,086
normal controls. Therefore, these mutations were cosegre-
gated with the phenotype in each family.

Comparative amino acid sequence alignment of FBN1
protein across different species, including Pan troglodytes,
Macaca mulatta, Canis lupus, Bos taurus, Mus musculus,
Rattus norvegicus, Gallus gallus, and Xenopus tropicalis,

n of FBN1

revealed that these eight mutations happened in a highly
conserved region of FBNI1 (Figure 3b). Protein structure
prediction showed that the majority of mutations (5/8) in-
cluding c.4987T>G, c¢.3617G>A, c¢.5032T>G, c.4087G>A,
and ¢.4460 A>G located in a highly conserved region of the
calcium binding epidermal growth factor-like (cbEGF) do-
main, two mutations ¢.2861G>T (p.R954L) and ¢.4588C>T
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(p-R1530C) occurred in the cysteine domain, the rest one
mutation ¢.718C>T (p.R240C) occurred in the hybird
module domain (Figure 4b and Table 2). These amino acid
substitutions in the fibrillin-1 was predicted to be delete-
rious, probably damaging and disease causing by SIFT,
PolyPhen-2, Mutationtaster, and ACMG classification.
(Table 2), respectively.

4 | DISCUSSION

MES is an autosomal dominant disorder of connective tis-
sue abnormality typically involving the ocular, skeletal, and
cardiovascular systems (Judge & Dietz, 2005). The incidence
of MFS is 1/10,000-2/10,000 (Groth et al., 2015), and more
than 20% are sporadic cases (Judge & Dietz, 2005). Previous
studies showed that MFS is mainly caused by mutations in
the FBNI gene (Li et al., 2012). The reported FBNI muta-
tions mainly include substitution, deletion, insertion, and
duplication. In this study, we identified eight heterozygous
mutations, including four novel mutations and four known
mutations in the FBNI gene from eight pedigrees.

Fibrillin-1 is a vital element of microfibrils and exists
in many human tissues, such as tendon, cornea, zonules,
cartilage, the cardiovascular system, and so on (Wang, Li,
Lan, & Li, 2015). It is mainly comprised of repeated mod-
ules such as cbEGF domains and cysteine domains (Sakai,
1986). CbEGF is responsible for maintaining microfibers in
an ordered arrangement (Dietz et al., 1991). It was reported
that the most common type is a missense mutation and most
mutations of FBNI occur in the cbEGF-like domains which
would induce a critical functional change of the domain itself
and neighboring domains (Dietz, Saraiva, Pyeritz, Cutting,
& Francomano, 2010), and the majority of mutations are
cysteine substitutions (Yang et al., 2016). In addition, each of
the EGF-like domains contains six highly conserved cysteine
residues EGF that form three disulfide bridges. These bridges
enhance calcium binding; seven transforming growth factor
B binding protein-like modules (8-Cys/TB). Each 8-Cys/TB
module is characterized by eight highly conserved cysteine
residues, which serve to hold TGF-f in an inactive complex
(Jin et al., 2007). In our studies, all detected mutations are
missense heterozygous mutation and six of eight located
within the cbEGF-like domains and two of the eight located
within cysteine domain. Theses eight mutations may cause
disrupt abnormal formation of microfibrils, thereby resulting
in incorrect function FBN1 protein.

The mutation of FBNI has been reported to cause many
complications (Judge & Dietz, 2005). In family 1, ectopia len-
tis was observed in both eyes of the proband and her young
sisters (III:2 and III:3) who carry the mutation c.4987T>G
(p-C1663G). In addition, all the affected members in this fam-
ily had aortic aneurysm. The mutation c.718C>T (p.R240C) in

FBNI1, identified in family 7, was first reported in 2001 (Loeys,
Nuytinck, Delvaux, De, & De, 2001) in the patient who had
ectopia lentis and mild cardiovascular manifestations. Affected
members carrying this mutation also were found to have car-
diovascular and ocular characteristic of MFS with normal
skeletal system in three large Hispanic families from Mexico
(Villamizar et al., 2010). A Chinese MFS patient with this
mutation was reported to have ocular and skeletal abnormal-
ities (Jin et al., 2007). The mutation ¢.4588C>T (p.R1530C),
which had been reported to be related to MFS in previous study
(Collodbéroud et al., 1998), was found in the proband and other
affected MFS patients in family 5. The mutation ¢.4987T>G
(p.C1663G), similar to c.4987T>C (p.C1663R) (Dietz et al.,
1991), caused a deficient cysteine residue within the cbEGF-
like module. This change could result in module misfolding and
may have deleterious effects on the global structure of fibril-
lin-1. The mutations c.4460A>G (p.D1487G) and c.3617G>A
(p-G1206D) were reported in ClinVar database and the former
one is similar to the reported mutation c.4460A>C (p.D1487A)
(Whiteman & Handford, 2003), which may cause disruption
of ligand binding site and delay intracellular processing and/or
secretion from the cell that lead to severe reduction of matrix
deposition and development of MFS.

Combined with the clinical data, the results showed
that these novel mutations may play an important role in
the pathogenesis of MFS development. To date, there is
evidence that most of the FBNI mutations are clustered
in exons 24-32, a hot spot region associated with classic
and severe type or neonatal type of MFS (Whiteman &
Handford, 2003). It is worth noting that the majority of pa-
tients with cysteine substitutions have classical MFS, and
cysteine substitutions in exons 26-32 appear to be associ-
ated with classical disease manifesting early in life (Faivre
et al., 2007). Interestingly, mutations in exons 12-15 en-
coding cbEGF-like domains (C3-C6) usually cause a mild
MES with possible late cardiovascular involvement. Most
strikingly, Rommel et al. (2010) also showed a significantly
higher incidence of ectopia lentis in patients who carried
a mutations involved a cysteine substitution, as compared
to patients whose mutation that led to a missense mutation
without cysteine involvement in FBN1. In the study, clinical
data from eight pedigrees showed that these mutations were
responsible for MFS and related disorder in Chinese fami-
lies. However, we need further functional analyses to con-
firm the role of fibrillin-1 and its underlying mechanisms
in MFS.

S | CONCLUSION

Four novel mutations and four known heterozygous muta-
tions in the FBNI gene from eight Chinese families were
identified to be associated with MFS and related disorder.
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Our data further enriches the FBNI mutation spectrum and
may shed light on the pathogenesis, clinical diagnosis and
management of MFS.
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