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Abstract

Marfan syndrome (MFS) is an autosomal dominant condition with pleiotropic manifestations
involving the skeletal, ocular, and cardiovascular systems. The diagnosis is based primarily on
clinical involvement of these and other systems, referred to as the Ghent criteria. We have
identified three Hispanic families from Mexico with cardiovascular and ocular manifestations due
to novel FBN1 mutations but with paucity of skeletal features. The largest family, hMFS001, had
a frameshift mutation in exon 24 (3075delC) identified as the cause of aortic disease in the family.
Assessment of eight affected adults revealed no major skeletal manifestation of MFS. Family
hMFS002 had a missense mutation (R1530C) in exon 37. Four members fulfilled the criteria for
ocular and cardiovascular phenotype but lacked skeletal manifestations. Family hMFS003 had two
consecutive missense FBN1 mutations (C515W and R516G) in exon 12. Eight members fulfilled
the ocular criteria for MFS and two members had major cardiovascular manifestations, however
none of them met criteria for skeletal system. These data suggest that individuals of Hispanic
descent with FBN1 mutations may not manifest skeletal features of the MFS to the same extent as
Caucasians. We recommend that echocardiogram, ocular examination and FBN1 molecular testing
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be considered for any patients with possible MFS even in the absence of skeletal features,

including Hispanic patients.
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1. Introduction

Marfan syndrome (MFS; MIM# 154700) is an autosomal dominant connective tissue
disorder with an estimated incidence of 1 in 10,000 individuals [1]. The disorder is
characterized by a broad range of clinical manifestations involving the skeletal, ocular and
cardiovascular systems with significant interfamilial and intrafamilial variability in
phenotypic expression [2—4]. The clinical variability of the MFS poses a challenge when
diagnosing the condition. The current diagnostic criteria for MFS, termed the Ghent
nosology, are based primarily on clinical findings in the various organ systems, along with
family history and FBN1 mutation status, and are divided into major and minor criteria [5].
The major criteria are features that have high diagnostic specificity for MFS because they
are relatively infrequent in other conditions and the general population, whereas minor
criteria have less specificity and can be found more frequently in the general population.

FBN1 mutations have been reported in individuals and families who do not have MFS but
have manifestations involving major findings in just one system, such as isolated skeletal
features, lens dislocation or thoracic aortic aneurysm and dissection, indicating that FBN1
mutations lead to a broad range of phenotypes that are not classic MFS {Hayward, 1994

582 /id;Lonnqvist, 1994 583 /id;Milewicz, 1995 8 /id;Kainulainen, 1991 555 /
id;Montgomery, 1998 584 /id;Loeys, 2001 562 /id;Katzke, 2002 581 /id;Korkko, 2002 561 /
id;Milewicz, 1996 121 /id;Francke, 1995 1402 /id;Whiteman, 1998 497 /id;Faivre, 2009
2473 /id}. Since identification of FBN1 mutation cannot be taken as the sole criterion for
MFS, the clinical evaluation remains the most important aspect of MFS diagnosis [5,11-13].
Recent studies have shown a FBN1 mutation detection rate of 72% in patients with classical
MFS and 58% in individuals who did not meet the Ghent criteria but with at least one
system that meet the major criterion and another with a minor criterion, indicating that while
the Ghent criteria is a good predictor for the presence of FBN1 mutation, there is a need for
the Ghent criteria to be comprehensive and applicable to different racial and ethnic groups
with paucity of MFS-related features {Stheneur, 2009 2474 /id}

In our report, we present three large Hispanic families from Mexico with thoracic aortic
aneurysms and dissections and ocular findings typical of MFS. Despite the presence of
FBN1 mutations predicted to cause MFS including the aortic and ocular features in these
families, the affected family members had little or no skeletal involvement typical of MFS.
This report raises the possibility that most skeletal features established in the Ghent
nosology may not be present in some Hispanic patients, suggesting that the Ghent criteria
may need to be modified to apply to this population.
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2. Materials and methods

2.1 Clinical Evaluation

The Institutional Review Board at The University of Texas Health Science Center at
Houston and the University of lowa approved the study. In family hMFS001 from Mexico,
twenty-six family members from three generations contributed DNA samples for FBN1
analysis. Family members had echocardiograms to assess aortic root dimensions and heart
structure and function. The diameters at the sinuses of Valsalva and the ascending aorta
were measured from cross-sectional echocardiography images in the parasternal long-axis
orientation and then plotted against nomograms derived from normal individuals’
measurements [18]. Individuals were scored as affected if they had dilatation at the sinuses
or dissection of the thoracic aorta and/or a FBN1 mutation. Family members were examined
by D.M.M. for skeletal features outlined in the Ghent criteria [5]. An ophthalmologic
examination was done on all individuals. Family hMFS002 also originated from Mexico.
Six members contributed DNA towards the study. All affected and unaffected family
members were examined by M.C.W. for clinical features of MFS. Cardiac and ocular exams
were done on affected individuals. A third Mexican family, hMFS003, was identified with
MFS. 21 members in 3 generations were available for evaluation and provided DNA for
FBNL1 analysis. D.M.M examined the affected individuals, and medical records of ocular
and cardiac exams were obtained from affected individuals when available. After obtaining
appropriate consent, buccal cells, blood, and/or autopsy samples were collected from the
family members.

2.2 Sequencing

3. Results

Mutation analysis of FBN1 was performed by bi-directional sequence analysis of amplified
genomic DNA fragments. Intron-based, exon-specific primers were designed to amplify the
coding regions using the Primer 3 software (www-genome.wi.mit.edu/cgi-bin/primer/
primer3_www.cgi). The amplified DNA fragments were sequenced using Big-Dye
Terminator sequencing kit and analyzed on ABI-3700 or ABI-3730XL sequencer (Applied
Biosystems, Foster City, CA, USA). The PCR amplifications for genotyping and sequencing
were carried out using HotStart Tag DNA polymerase (Qiagen Inc, Valencia, CA, USA),
Eppendorf Taq Supermix (Eppendorf, Hamberg, Germany), or Platinum Taq Supermix
(Invitrogen, Carlsbad, CA, USA).

3.1 Clinical Descriptions

In family hMFS001 from Mexico (Fig. 1), the proband was a 40-year-old woman identified
after presenting with a descending aortic dissection (111:4). She was 158 cm tall and did not
have skeletal or ocular features of MFS (Fig. 2). Two other siblings were subsequently
found to have a thoracic aortic aneurysm (I11:1 and 111:8) but did not have ocular or skeletal
features of MFS. Bi-directional sequencing of FBN1 exons in the DNA sample from IV:5
identified a frame shift mutation in exon 24 due to deletion of C (3075). This frameshift
mutation leads to a premature termination codon (PTC) in exon 25, following a series of 9
missense codons, resulting in a shortened fibrillin-1 of 1099 amino acids. The mutation was
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identified in 12 family members analyzed. Eight members with FBN1 mutations were
assessed for clinical features of MFS based on Ghent nosology (Table 1). None of the
members met the diagnostic criteria for skeletal system or ocular system involvement. Three
members of this family were found to have flat corneas but no other ocular manifestations
were noted.

Family hMFS002 was also from Mexico and six members were available for assessment
(Fig. 1). Four members were diagnosed as affected with ectopia lentis and aortic dilatation
as the two major criteria. Sequencing of FBN1 using DNA from the proband (I1:1) identified
a missense mutation (C4588T) in exon 37, leading to a substitution of cysteine for arginine
in the fourth TGF-p-like domain (R1530C). The mutation was seen in the four family
members with cardiovascular and ocular features consistent with MFS. None of the
individuals assessed met the diagnostic criteria for skeletal system involvement (Table 1).

In a third Hispanic family from Mexico, hMFS003, 21 members were available for
assessment (Fig. 1). The proband (11:8) presented with an acute ascending aortic dissection
at age of 43 years. His brother (11:3) also had surgical repair of aortic root aneurysm at the
age of 37 years. The proband, his brother, and six other members had ectopia lentis. None of
these members met the diagnostic criteria for skeletal system (Table 1). Individual 111:4,
whose mother is Caucasian, has tall stature but no major skeletal features of MFS (Fig. 2).
Individuals 111:11 and 111:12 are 6 and 4 years old, respectively. They do not have skeletal
features and have not been evaluated for cardiac and ocular features of MFS.

FBNL1 sequencing using DNA from I1:8 in family hMFS003 identified two consecutive
missense alterations on exon 12, 1545C>G and 1546C>G interpreted as a heterozygous in-
frame deletion/insertion 1545 1546del2 (CC)/ins2 (GG) leading to two amino acid
substitutions, C515W and R516G in the seventh EGF-like domain. Eight family members
who harbored the FBN1 mutation had cardiovascular and/or ocular features but did not have
skeletal features.

4. Discussion

In three large Hispanic families from Mexico, affected members had aortic aneurysms and
dissections and ectopia lentis characteristic of MFS but lacked skeletal involvement, raising
the possibility that the skeletal features of MFS may not be prominent in this population in
comparison to the primarily populations of Northern European descent used to establish the
Ghent criteria. Although individuals and families have been described with an FBN1
mutation causing aortic disease or ectopia lentis in the absence of significant skeletal
features, a lack of skeletal involvement appears to be rare in patients with FBN1 mutations.

A number of factors may cause the lack of skeletal features in these Hispanic families with
MFS, including the type of mutation, modifier genes and environmental factors. The FBN1
mutation identified in these families are typical mutations leading to classic features of the
MFS. Correlation studies attempting to predict phenotype based on the type of FBN1
mutation have suggested that skeletal and cardiovascular features are more pronounced
compared to ocular features in the MFS patient with PTC mutations [19,20]. Although
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cardiovascular features were present in the affected individuals in hMFS001 family with the
PTC mutation, they did not have pronounced skeletal features. The mutation identified in
family hMFS002, R1530C, introduces a new cysteine for an arginine in the fourth TGF-§3-
like module (TB). This mutation has been reported previously in two patients from Europe
and China with ectopia lentis [11,21]. The Chinese patient had major skeletal manifestation
of the MFS, whereas the European patient did not. Family hMFS003 presented an insertion/
deletion (or two consecutive missense mutations) leading to novel cysteine and arginine
substitutions in the seventh EGF-like domain. These domains contain six highly conserved
cysteine residues that are involved in three disulfide bonds. Cysteine substitutions in EGF-
like domains disrupt the disulfide bonds and have been previously identified as a cause of
classic MFS and are more likely to be associated with ectopia lentis [20,22]. These
correlations indicate that the absence of skeletal features observed in these Hispanic families
may not be entirely due to the type of FBN1 mutation involved.

Another possible explanation for the paucity of skeletal features is that genetic modifiers
may be present in Hispanics from Mexico that prevent the full expression of the skeletal
manifestations. Various lines of evidence suggest that the Hispanic population is a genetic
admixture of Spaniards, West African and Native Americans, with Mexican Americans
resulting from a 61% genetic pool from Spaniards and 31% from the Native Americans [23].
This admixture may have led to the introduction of genes that modify stature as well as other
skeletal features in this population, compared to individuals of Northern European descent.
It is important to note that in some South American countries the majority of the Native
American population did not survive and the current population is primarily European in
background (e.g., Argentina and Uruguay).

In summary, the absence of skeletal manifestations in Hispanic individuals from Mexico as
delineated by the Ghent nosology may delay or exclude the diagnosis of MFS in an
individual or family at high risk for aortic aneurysms and dissection. Further studies are
warranted to confirm these findings but these data support the recommendation that
echocardiograms, ocular examinations, and FBNZ1 molecular testing be considered to
evaluate Hispanic individuals potentially affected with MFS even in the absence of skeletal
features.
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Figure 1.
Pedigrees of three Hispanic families (nMFS001, hMFS002, and hMFS003) with

cardiovascular and ocular complications of MFS due to mutations in FBN1. Closed symbols
indicate affected status based on the identified mutation and open symbols indicate
unaffected status. Mutation status was inferred for hMFS001 I:1, 11:1, 11:3, 11:6, 11:8, 111:9,
111:21, 1V:2, 1V:6, 1V:9 based on their position in the pedigree and/or history of MFS
cardiovascular or ocular complications.
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Figure 2.
Members of families hMFS001 (top panel) and hMFS003 (bottom panel) showing absence

of MFS skeletal features. The proband in hMFS001, 111:4, does not have skeletal or facial
features of the MFS. She and her two children (1VV:4 and IV:5) do not have arachnodactyly.
The proband of family hMFS003 (11:8) and his brother (11:3) do not have MFS skeletal
features. The son of 11:3 (111:4) has a Caucasian mother and does not have skeletal features
of MFS. The patients have provided consent for publication of these photographs.
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