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Marfan Syndrome: Recent Progress in Understanding Molecular Pathogenesis
and Therapeutic Targets
Hiroko Morisaki and Takayuki Morisaki

Department of Bioscience, National Cardiovascular Center Research Institute, Osaka, Japan

Marfan syndrome (MFES; MIM154700) is an autosomal dominant hereditary disorder of the fibrous connective tissue with car-
dinal manifestations in the skeletal, ocular, and cardiovascular systems, caused by the defects in the FBN] gene. The clinical
diagnosis of MFS is made using the Ghent criteria. Although the criteria are useful in classical MFS, cases with recently
reported Loeys-Dietz syndrome, caused by mutations in the TGFBR/ or TGFBR2 genes, often manifest many overlapping
features of MFS and sometimes fulfill the Ghent criteria. Recent advances in the molecular pathogenesis of MFS also have
revealed that many manifestations of MFS are less related to a primary structural deficiency of the tissues than to altered
morphogenetic and homeostatic programs that are induced by altered TGF-B signaling. In 2006, losartan, a widely used
angiotensin II type-1-receptor antagonist, was shown to prevent aottic aneurysm in a mouse model of MFS through its known
effect in antagonizing TGF-B activity. This review provides an overview of recent advances in the molecular pathogenesis of
MFS and a thexapeutxc view of this disorder.
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Table 1 Marfan syndrome: Ghent diagnostic criteria

System

Major criteria

Minor criteria

Skeletal system

At least 4 of the following components:

+ Pectus carinatum
+ Pectus excavatum requiring surgery

+ Upper: lower segment ratio > 0.86, or arm span
to height ratio > 1.05

+ "Wrist sign” and “thumb sign”

+ Scoliosis of greater than 20 degrees, or
spondylolisthesis

» Reduced elbow extensions at the elbows
(< 170 degrees)

+ Pes planus
« Protrusio acetabulae

Two major components or 1 major component
and at least 2 of the following:

+ Pectus excavatum of moderate severity
+ Joint hypermobility
+ High-arched palate with crowding of teeth

+ Facial appearance: (dolichocephaly,
malar hypolplasia, enophthalmos,
retrognathia, downward-slating
palpebral fissures)

Ocular system
{Eyes)

» Dislocated lenses (ectopia lentis)

At least 2 of the following:

+ Abnormally flat cornea (as measured
by keratometry)

* Increased axial length of globe (as
measured by ultrasound)

+ Hypoplastic iris or hypoplastic ciliary muscle
causing decreased constriction of pupil (myosis)

Cardiovascular
system

+ Dilatation of the ascending aorta with or
without aortic regurgitation and involving at
least the sinuses of Valsalva

- Dissection of the ascending aorta

* Mitral valve prolapse (MVP) with or
without mitral valve regurgitation (MVR)
+ Dilatation of the main pulmonary
artery below the age of 40

+ Calcification of the mitral annulus
below the age of 40

+ Dilatation or dissection of the
descending thoracic or abdominal
aorta below the age of 50

Pulmonary system None + Spontaneous pneumothorax
+ Apical blebs
Skin and integument None * Striae atrophicae

- Recurrent or incisional herniae

Dura + Lumbosacral dural ectasia None
(determined by CT or MRI)
Family/ + Having a parent, child or sibling who meets None

Genetic history

these diagnostic criteria independently

+ Presence of a mutation in FBN1 (the fibrillin-1
gene), known to be associated with MFS

* Presence of a haplotype around FBN1,
inherited by descent, known to be associated

with unequivocally diagnosed MFS in the family

Adapted from De Paepe A et al: Revised diagnostic criteria for the Marfan syndrome. Am J Med Genet 1996; 62(4): 417-426
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Fig. 1 Results of mutation analysis and clinical evaluation ac-
cording to Ghent criteria in 135 suspected Marfan
syndrome patients
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Fig.2 Types of FBN1 mutations identified in 75 Marfan
syndrome probands.
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Table 2 Clinical findings of Loeys-Dietz syndrome (LDS)

Vascular
Dilatation or dissection of the aorta
Other arterial aneurysms and tortuosity
Skeletal
Pectus excavatum or pectus carinatum
Scoliosis
Joint laxity
Arachnodactyly
Talipes equinovarus
Craniofacial
Ocular hypertelorism
Bifid uvula/cleft palate
Craniosynostosis
Cutaneous
Translucent skin
Easy bruising
Dystrophic scars

LDS type I: with vascular, skeletal, and craniofacial findings
LDS type II: with vascular, skeletal, and cutaneous findings
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