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Two novel FBNI mutations associated with ectopia lentis and
marfanoid habitus in two Chinese families
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Purpose: To identify the molecular defects in the fibrillin-1 gene (FBNI) in two Chinese families with ectopia lentis (EL)
and marfanoid habitus.

Methods: Five patients and eight non-carriers in the two families underwent complete physical, ophthalmic, and
cardiovascular examinations. Genomic DNA was extracted from leukocytes of venous blood of these individuals in the
families as well as 100 healthy normal controls. Polymerase chain reaction (PCR) amplification and direct sequencing of
all 65 coding exons of FBNI were analyzed. The functional consequences of the mutations were analyzed with various
genomic resources.

Results: Two novel mutations of FBNI were identified in our study. One is a splice defect in intron 17 (IVS 17-1G>T)
adjacent to exon 18. The other is ¢.6182G>T in exon 50, which results in the substitution of cysteine by phenylalanine at
codon 2,061 (p. C2061F). We provided strong evidences that the splice mutation would potentially lead to the skipping
of exons after intron 17 and that the missense mutation at codon 2,061 (p. C2061F) would destroy a disulfide bond.
Conclusions: We detected two novel mutations in FBN1. Our results expand the mutation spectrum of BN/ and help in
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the study of the molecular pathogenesis of Marfan syndrome and Marfan-related disorders.

Ectopia lentis (EL; OMIM 129600) is an inherited
connective disorder characterized by lens dislocation, often
connected with stretched or discontinuous zonular filaments
[1]. In most cases, EL occurs as one symptom of Marfan
syndrome (MFS; OMIM 154700), a genetic autosomal
dominant disorder that is characterized by manifestations
mainly involving the cardiovascular, skeletal, and ocular
systems [2]. According to the Ghent nosology, a clinical
diagnosis of MFS requires the involvement of all three
systems with two major diagnostic manifestations [3]. Other
disorders such as isolated EL or predominant EL with some
skeletal features belong to Marfan-related disorders.

Both Marfan syndrome and Marfan-related disorders
mainly result from mutations in the fibrillin-1 gene (FBNI)
[4]. FBNI encodes a 320 kDa glycoprotein consisting of 2,871
amino acids and is located on chromosome 15q21. FBNI is
mainly composed of three types of repeated modules. The first
one is the epidermal growth factor (EGF)-like module, which
includes six cysteine residues. There are 47 such modules, and
most of them are calcium binding (cb) EGF-like modules. The
second type is called transforming growth factor f1-binding
(or TB) protein-like module (TGF B1-BP-like module, or 8-
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Cys/TB), which is found seven times in FBN1. This module
contains eight cysteine residues that form four disulfide
bonds. The last one is a hybrid module, which occurs twice
[5]

In this study, we analyzed two Chinese families with EL
and marfanoid habitus and detected two novel heterozygous
mutations in FBN/ . In each family, the mutation found
cosegregated in the patients and was not observed in any of
the healthy family members.

METHODS

Patients and clinical data: In our study, the patients from two
Chinese families with ectopia lentis and marfanoid habitus
were from the Heilongjiang province in northeastern China.
Two patients and six non-carrier relatives in Family 1, three
patients and two non-carrier relatives in Family 2, and 100
healthy normal controls were recruited for this study. The
study was approved by the Institutional Review Board of
Harbin Medical University (Harbin, China). After obtaining
informed consent from all the participants, thorough physical,
ophthalmic, and cardiovascular examinations were
performed.

Genomic DNA preparation: Blood specimens (5 ml) were
collected in EDTA, and genomic DNA was extracted by the
TIANamp Blood DNA Kit (Tiangen Biltech Co. Ltd, Beijing,
China).


http://www.ncbi.nlm.nih.gov/entrez/dispomim.cgi?id=129600
http://www.ncbi.nlm.nih.gov/entrez/dispomim.cgi?id=154700
http://www.molvis.org/molvis/v15/a85

© 2009 Molecular Vision

Molecular Vision 2009; 15:826-832 <http://www.molvis.org/molvis/v15/a85>

L99
9¢
€LY
6vE
9s¢
8¢
889
1844
68¢
TLe
1L
66€
6C¢
S6T
543
TLe
€Ce
11y
€0€
80t
9s¢
00t
[433
1443
8¢
99¢
444
553
Y65
109
90S
LEY
€le
80¢
43
yLT
LOY
6St
0Ty
86¢
Riad
08¢
L9T
(454
ove
¥8¢
594

(dq) y3uay Jonpoag

DOLLLDIDLLIOVIOLIOVIOL
DOHLIODLVIHVHOHLLLOVIV
ODLOLODLILLODLYIOVVY

LVVOHDHOVLLOOVIOVVILL
LVIODLOLYDOVILIDDDLIOD
JVVIODHOHVVILVVVIOOOVVY
VOVILOLOODLIOLOIOVIOHVY
VOOLOVVIDHLLVILVOVIDD
VOOLOLVIDOIVLLVILOVD
VIOVOVVOHVVIIDILOLODD
LOLLDOOVIOIILLVVIOLLY
VOLVOIDHOHLVVVILVOLVV
JDLOLOVIIDOLVOLVIOVLL
VOLLLOLVIOOLLLODOVHVD
DOVOHVDHLYDOVVHVIIDLLD

VOVOOLLLOOVIDLODLLLL

ODLVOLODLLLIDLLOVOLD
LOVLLLOODHLVIIVOVIOL

DOVOVIDLIDVOOLODVLLY
DDHLVOHDHHVVDHIOVIVOVVIVY
VOVLLLOLODLLOLVIOODLID

LDIDDDDLOOVVIVVOODLLY
DLOODIOODLLLOLVVDDOLVVOV
DLOVIOIOLLIOIHOHIVOHLO
DOVVVDDHLODVIOLODLVVVD
ODLVVODLOLYVVOVOLIDD
LODIODLVVODLLLILILOD
VI1DVVVIIIDHOHDLODOVVY
VOVIOLOVVVVIVVVVDLVDOOV

ODHLIOIOILIIDLIOLOVILID

LVOLVODDLODLVIDLOVVY

DILIOLVIVVIOVIOLLVIID
VOVOLODVVVVODVOOLLLL
VODOVLVOVVVVOILLVIODOL
JLOVIOIDLLLYIILOLOVY
VOVODDOLVOVLVOVIDILVD
LVOVODOHVVOHVVIOIIVOHVY
DOHVVILLVVVVIOOVVVIIOL
DDVIDOLOLIDVVIDDHLVVY
VLILLVLLODDILVODOIOLLD
LOLOLLLLLODDD1LIDDVVD
ODIDLVOVLLVODLLLOVVIDD
OLOLLIOLODLYDOOLVOOVY
DIDHLLVVVDIHVOLOVOOLY
DOHVVHVOHVIVVOHVIDDDLLL
VOOVOLLLOODDVIVOLLLOVY
JVIDLLOLOVODVVIIDLLD

(,€,S) Jowrid 3s1343Y

DLLVVVVDOVIDOVVIVOOVID
DOHVIVVOHOHVVIDIOVVIVOL
VLLOLOLIDDLOLOOVIOODV
VOVIOHHOHOHVIOILOLVODOVL
OLLLVLLOOODLLOLLODOY
L1DDHIDHVHOIOOVVVILVYV
LVOVLIOIDDVOLOVVDLIOVDO
LIDLIDHLIOLIOIDLLLDD
DVHHVVDHOHOVOHOOHVVVIVYVD
LOVIDDHVOVIVVVDOVVOHVID
VOLLOVIOVOVOHDDLVVVOD
JLOHLVODLOIOVIODLOVIOY
DOVHVDHLIDLODLOLIDLLY
DLLVOVIOLOLOIOLLLIDD
OVVDHOHDHLOVIIDLVILOVVDO
VIDOOLLIOLLOLLLYDHDOL
DLVOHDOHVIDLLOLVLODLID
OVIOVILVIOOLLVIIIDILO
DOLVLODDOVOLOOLLLOLL
VVOLVVOHLVOOIVOVOHOHVOHVDH
VVIOVVLOVOVIDOOIVOVIOL
DIDOLLOVOVVDHLLLLLIODOV
LVODILOVOVVOOLOVVOLOLOL
LIOIODLLYOVIOODIOVVYD
LVOLIOVVVODLOVOIDLODL
LOVVODOVVOHLLIOVVODDOL
ODLVLLLOVLIODDDLVVIOD
VOVIODHHVDHLYIOVIIILVD
DLVVODHVIIOVIOVOOLVOVY
JVOHVOHLLYIDHDLODLVVVV
VOVIOIIVLLOVLVOOVVIDD
VVODLODLLLLOOVOIOLVY
ODIOLOLIOVLLLODVIOIOV
ODLLLLLOODLLLLOVOOVD
VOLOOVVIOILODVIDLIDLID
DOVVIOIVVVVIDLOLOLVOL
LOVOLOLODDLLYIDOVOVD
VVILOVVVVIODLVOVIDHLY
VLVVVDDHDOHDHOHVOOOVOHDLVY
DOHLVVVILLOLOVIOIVVILOD
VOLVLIOODOHOLOLOLILOVOL
LVVLILOVOLOLOOVHVOHHDHD
LVDLVOVODOHVIILLLOLOD
VVOILOODIOLOLLVOLVIDL
DOVVHVDHLOOVOOOHVDHLOLL
IODLIDLVILLYOOVIIDLD
DOVODLIOLOLDOLOLOLLLYDD

(,€,5) 1ouwad paesmiog

"UOT}OAMIP, £—,S AU} UI UAIS a1k Soouanbag "suoxa JNg. Jo uonedyijdue a1 10J pasn s1owid oy Jo Arewrung

s9
¥9
€9

*NOLLVOIITANY JN§.] ¥Od adsn SYaWrid *[ 818V,

827


http://www.molvis.org/molvis/v15/a85

© 2009 Molecular Vision

826-832 <http://www.molvis.org/molvis/v15/a85>

5 15:

2009

ision

Molecular Vi

LO1
LO1

I

1 ‘orew A :SUONBIARIQQY "JUSSQE 0IoM WIAJSAS IB[NOSEAOIPIED oY) Ul

PLI

I
0T
€11

7 Ay

891

T
(1}

€51

I
v

I Aqurey

€61

6€
S

‘Juasqe — ‘yuesaid i+ ‘onel ySioy ueds wie {H/SV ‘o[ewo)
soniewouqy "AjAjoepouyoete pue ‘snudl erdojoo [e1dje[lq pey SIoqUIOW AJIWe) Pojoyyy

BIUIOH
upy[s 9[qIsud)xa1ddAy
suone)sayIuRUl YO

joopel]
AnpiqourradAy jurop
Surpmouio [ejuap ym ojered ySiy
KjKoepoutorry
SISOI]00S
WNJEABIXD SN100
WnNjeuLIEd SN0
(S0 >[ewiou) H/SY
(wo) ueds wry
(wo) Sy

uI)SAS [2)9[NS
JUSWIORIOP BUNY
BUWIOONE[D)
snwisiqens
joeIEIRd JO Judwdo[osdp ALreq
©OUIOO 1B AJ[eULIOUqY
erdoAN
spuo| erdojoyg

wYSAS J[MdIQ
X8
(s1eo ) o8y
judned
UONE)SYIUBIA

“SHITIAYA OML HHL WO¥A SINAILVd dAI4 dHL 40 STIV.LAd TVIINIT)) *7 9714V ],

828


http://www.molvis.org/molvis/v15/a85

Molecular Vision 2009; 15:826-832 <http://www.molvis.org/molvis/v15/a85>

Mutation screening: All coding exons of FBNI were
amplified by polymerase chain reaction (PCR) using a set of
59 pairs of primers. The primers for exons 4, 5,7, 11, 15, 22,
23, 31, 41, 44, 45, 51, and 52 were from those described by
Li and coworkers [6]. The others are listed in Table 1. The
PCR products were subsequently purified with a TIANgel
Midi Purification Kit (Tiangen Biltech Co. Ltd) and
sequenced with an ABI BigDye Terminator Cycle Sequencing
kit v3.1 (ABI Applied Biosystems, Foster City, CA).

Information theory mutational analysis: The potential results
of the G—T transversion were estimated using information
theory as described in the literature [7]. Briefly, potential
splice sites were identified by the splice mutation analysis
system based on information theory. Thus, the score of the site
containing a mutant nucleotide would be significantly
changed compared with that of the wild-type splice site. The
analysis had been previously used for the interpretation of
other mutations [8,9]. We used walker [ 10] visualization maps
to present the predicted changes in binding sites.

Structure analysis: The protein structure file, lapj,
downloaded from the Protein data bank (PDB) database,
demonstrates the solution structure of the transforming
growth factor beta binding (TB) protein-like domain 6 of
fibrillin (residues 2054-2125) [11]. This structure was
displayed with the KiNG viewer to show the missense
mutation at codon 2061.

RESULTS

Clinical findings: In the two families, all the patients (Figure
1A, Figure 2A) in our study showed similar clinical symptoms
(Table 2). Bilateral lens dislocation was discovered in the five
patients, and none of them displayed any abnormalities in the
cardiovascular system by echocardiogram. However, in
Family 2, individual I:2 died of congenital heart disease at the
age of 30 years old with big hands according to the description
of her daughter (II:2), and her granddaughter (III: 1) also died
of congenital heart disease only four days after birth. It was
not clear whether they had any other abnormalities such as EL
because they were deceased several years ago and no related
medical records were available. As for the skeletal system,
arachnodactyly was present in the five patients.

Mutation analysis: After direct sequencing of FBN1 in the five
patients, a splice defect in intron 17 (IVS 17-1G>T) adjacent
to exon 18 (Figure 1B) and a missense mutation involving the
substitution of cysteine by phenylalanine in exon 50
(p.C2061F; Figure 2B) were discovered in Family 1 and
Family 2, respectively. Neither of the two mutations was
detected in the healthy family members (Figure 1C, Figure
2C) or any of the 100 unrelated control subjects.

Potential functional consequences of the two mutations: The
IVS 17-1G>T mutation located at a highly conserved splice
site of intron 17, which has canonical GT/AG ends (Figure
3A). Information theory analysis revealed that the information
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contents (Ri) value decreased from 9.2 bits to 0.5 bits by the
mutation (Figure 3B). The cysteine residue at position 2,061
was also conserved among mammalian species (Figure 4A).
Structure analysis of the transforming growth factor § (TGF-
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Figure 1. A novel FBN1 splice mutation in intron 17. A: The pedigree
of Family 1 is shown. Squares and circles indicate males and females,
respectively, and the darkened symbols represent the affected
members. The patient above the arrow is the proband. An asterisk
indicates the subject underwent clinical and molecular analyses. B:
The partial nucleotide sequence of FBN1 in an affected member is
shown. A heterozygous change G>T (indicated by the arrow) was
identified at the boundary of intron 17 and exon 18. C: The
corresponding normal sequence in an unaffected family member is
displayed by an arrow.
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B)-binding protein-like domain revealed that C2061 and
C2083 formed one of the four disulfide bonds. (Figure 4B)

[11].

&

m: A2

Figure 2. A novel FBNI missense mutation in exon 50. A: The
pedigree of Family 2 is shown. Slashed symbols denote that the
subject is deceased. Symbols with a question mark in the center
indicate that the member is not diagnosed clearly. B: A heterozygous
G>T transversion (indicated by the arrow) resulted in the substitution
of cysteine-2061 by phenylalanine (C2061F) in an affected subject.
C: The corresponding normal sequence in an unaffected family
member is shown by an arrow.

© 2009 Molecular Vision

DISCUSSION

In this study, we described two novel heterozygous mutations
in FBNI (IVS 17-1G>T and p.C2061F). Furthermore, we
used various genomic resources to analyze the potential
functional consequences of these two mutations.

In Family 1, it was a splice mutation in position 1 of the
intron 17-exon 18 boundary in the domain of cb EGF-like
number 07. EGF-like domains play a major role in the
pathogenesis of fibrillinopathies containing 75% of all the
FBNI mutations registered in the FBN1 Universal Mutation
Database (UMD) database. Previously, Rogan et al. [12]
showed that the minimum Ri value for a functional splice site
was 2.4 in a study of over 100 splice sites. As for the splice
mutation in our study, the Ri value decreased from 9.2 bits to
0.5 bits. The mutation of this base would be expected to
disrupt the acceptor site and potentially lead to abnormal
mRNA splicing and skipping of exons after intron 17. This
also supports the observation that splice mutations often lead

PODODD-~DDO0O
0O OEO0
PRPIBPBPEPBPPD

'46369*30 d

*46368750 * *46368740 *
EEEE tttPgt t tatias

R ERTEPEVEYEY I U acceptor 0.0 bits @46368732
i -

B aaaaiE SR [| 4> acceptor 9.2 bits @46368727

*46368750 * *46368740 * -453ssY30 *
| 14 tett ttttet t t t t t 3

A Pooopd = V acceptor 0.0 bits @46368732

« .
(|
S . il DRLDPL oD I +> acceptor 0.5 bits @46368727

Figure 3. Analysis of the splice mutaion in intron 17. A: The
alignment of the FBN1 sequence with the corresponding segments
in diverse species is displayed. The nucleotide G is conserved in
FBNI proteins from several species. The sequence was selected by
UCSC Genome Browser. Note that FBNI is located at the minus
strand, and the nucleotide sequence of this genomic region is
represented by the plus strand. The 'Mammal Cons’ is a conservation
measurement. B: The walker diagram of 3’ (acceptor) splice site in
intron 17 and its adjacent sequence is shown. The wild-type sequence
is at the top. Bases in splice sites are shown in the corresponding
walker diagram. The arrow points to the mutant sequence with the
G to T base change and shows the change from a positive contribution
by the G to a near zero contribution of the T.
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to a shortened protein, accounting for about 11%—12% of the
gene lesions in FBNI [5,13]. Interestingly, the ¢. 2168—-1G>T
splice site mutation (in IVS 17) involved the same nucleotide
of the c. 2168—1G>A substitution previously described in
FBNI [14].

Family 2 carried a missense mutation affecting cysteine
residues in exon 50 in the domain of 8-Cys/TB number 06.
This supports the previous studies that mutations involving
cysteine substitution are usually associated with EL [13,15,
16]. Each 8-Cys/TB module contains eight highly conserved
cysteine residues holding TGF- in an inactive complex in
various tissues including the extracellular matrix [17].
Structure analysis showed C2061 and C2083 form one of the
four disulfide bonds. Therefore, the substitution of cysteine
by phenylalanine in this position was likely to destroy the
disulfide bond and cause domain misfolding and structure
instability. Recent studies demonstrated that increased TGF-3
signaling contributed to selected symptoms of MFS [18] and
could cause dysregulation of cytokine function in mouse
models of MFS [19]. All above show that 8-Cys/TB domains
also play an important role in the pathogenesis of
fibrillinopathies.

Since FBNI1 cDNA was cloned and the first mutations of
FBNI were identified in MFS patients in 1991 [20-22],
currently more than 1,200 FBNI mutations have been

Gl LR ARFEGGKCESP
RRCODLR AKFEGGKCSSP
RRCQDL! AKFEGGKCSSP
RRCQDLR AKFEGGKCSSP
RRCQDLR AK KCSSP
- < w2 070

60 2

A

FBN1_BOVIN

FBN1_PIG
FBN1_HUMAN
FBN1_MOUSE
QIWUHS_RAT

P98133
Q9TV36
P35555
Q61554
QIWUHS | EGSFK
ruler ..

2073
2073
2073
2073
2074

Figure 4. Analysis of the missense mutation in exon 50. A: The
alignment of the FBN1 sequence with the corresponding segments
in diverse species is shown. The cysteine is conserved in FBNI
proteins from several species. The sequence was selected from the
UniProt Knowledge base. B: Structure analysis of the transforming
growth factor-binding protein-like domains (8-Cys/TB) in human
FBNI1. a-helices and B-strands are shown with red and brown colors.
The two residues (C2061 and C2083) are colored green. The
disulfide bond is represented with a dotted line.
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described [23]. Most of them are missense mutations, and
others are nonsense mutations, splice defect, deletions, and so
on. In this study, we described two novel heterozygous
mutations in FBNI in the Chinese patients with ectopic lentis
and marfanoid habitus and analyzed the potential functional
consequences of the two mutations. Our data further expand
the mutation spectrum of FBNI/ and help in the study of
molecular pathogenesis of Marfan syndrome and Marfan-
related disorders.
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