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Marfan and Ehlers-Danlos Syndrome: two collagenopathies with similarities and
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ABSTRACT

Introduction: Marfan and Ehler-Danlos syndromes are diseases identified as
collagenopathies, that is, they consist of defects in the production of collagen or in its
modifying enzymes. Both syndromes present singularities.

Objective: To compare and differentiate Marfan and Ehler-Danlos syndromes
regarding their pathophysiology and clinical manifestations.

Method: Literature review using 27 articles published in the last 15 years, in Portuguese
and English. The inclusion criteria were to be the subject of collagenopathies, especially
Marfan and Ehler-Danlos syndromes.

Result: 27 articles were used.

Conclusion: Among the collagenopathies, they are the most similar in relation to
symptoms; however, they differ in treatment, which is specific to each one of them.
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Central message
Marfan and Ehler-Danlos syndromes are
diseases identified as collagenopathies,
that is, they are made up of defects in the
production of collagen or its modifying
enzymes. The two syndromes have
singularities. The freatment s specific
to each type and generally seeks to
alleviate and treat complications caused
by the absence or reduction of collagen

in the body.

Perspective
These syndromes have more similarities
than differences in relation to the affected
tissue and symptoms. However, their
differentiation is fundamental since the
drug treatment is different and specific fo
each of them.

RESUMO

Introducéo: Sindromes de Marfan e de Ehler-Danlos sédo doencas identificadas como
colagenopatias, ou seja, sdo constituidas de defeitos na producéo do coldgeno ou em
suas enzimas modificadoras. As duas sindromes apresentam singularidades.
Objetivo: Comparar e diferenciar as sindromes de Marfan e Ehler-Danlos quanto a
sua fisiopatologia e manifestacdes clinicas.

Método: Revisdo de literatura empregando 27 artigos publicados nos Gltimos 15
anos, nos idiomas portugués e inglés. Os critérios de inclusdo foram ser o tema em
colagenopatias, especialmente as sindromes de Marfan e de Ehler-Danlos.
Resultado: Foram utilizados 27 artigos.

Concluséo: Dentre as colagenopatias elas sGo as mais semelhantes em relacéo aos
sintomas; porém, diferem-se no tratamento, que é especifico a cada uma delas.

PALAVRAS-CHAVE: Sindrome de Marfan. Sindrome de Ehlers-Danlos. Doencas do
coldgeno. Tratamento.
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INTRODUCTION

ollagenopathies are genetic diseases that

affect the production of various types of

collagenin affected individuals. This can occur
due to pathogenic variants in the FBN 1 gene in Marfan
syndrome, and mutations in 47 genes in Ehler-Danlos,
which are responsible for the production of collagen
or enzymes that modify this protein. Usually, these
disorders are usually multisystemic, heterogeneous, and
variable, causing damage to various organs, especially
those with collagen-rich tissues; therefore, its symptoms
are considerably varied.'

The treatment is specific to each type and generally
seeks to alleviate and treat complications caused by
the absence or reduction of collagen in the body.*
Diagnosis is made by evaluation of symptoms and
laboratory tests. In Marfan, echocardiograms/MR],
slit-lamp examinations, and genetic tests are performed.
Similar methods are used for Ehlers-Danlos syndrome;
however, DNA sequencing or sequencing of one/any
of the related genes may be considered to confirm the
specific type of disease.>¢ It is noteworthy that because
itis a very broad field of study and because collagenosis
includes many diseases, there are no general standards
for treatment and diagnosis for all of them, as both vary
according to the patient's condition.

In the field of collagenopathies, Marfan and Ehlers-
Danlos syndromes stand out for their similarities in
symptoms and differences in treatment and in the form
of collagen involvement.

Marfan's is caused by mutations in  the FBN1
gene that encodes fibrillin-1, a glycoprotein present
in the extracellular matrix in the form of microfibrils
responsible for the elasticity of connective tissue.”
One of the major problems arising from this condition
is impending aortic aneurysm due to its abnormal
dilation. In addition, manifestations in the muscular
and skeletal systems are also common, including tall
stature due to exaggerated bone growth, deformities
related to sternum displacement, scoliosis, flat feet,
dural ectasia, and joint laxity.” The eyes can also be
affected by ectopia lentis and retinal detachment. The
phenotypes of the syndrome may manifest in varying
degrees and adequate follow-up may provide longer
life expectancy.®

Ehler-Danlos syndrome, on the other hand, also
affects 1 in every 5,000 live births and is caused by
failure in the synthesis of some types of collagen (I, Il or
V). Itis classified into 13 types, according to its effects,
which vary greatly, reaching from the skin, more elastic
than normal and with a greater propensity to bruises,
has joints that are more flexible and more sensitive
to injuries than normal and thinner blood vessels
susceptible to rupture.’

Treatment aims to control symptoms and prevent
simpler manifestations from evolving into more complex
and harmful complications. Medical conduct varies
according to the symptom, its intensity, specific clinical
picture and involves treatment with beta-blockers,
as in Marfan syndrome, pain control medication,
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physiotherapy to help preserve and prevent injuries,
especially in the joints, and even surgical procedures,
especially in cases where it is necessary to correct
orthopedic problems.’

Both Marfan and Ehler-Danlos syndrome are rare
genetic entities with the same incidence in live births,
but although both are collagenopathies, they have
collagen impairment differently.

Symptoms in Ehler-Danlos syndrome include joint
hypermobility, abnormal scarring, wound healing,
fragile vasculature, and hyperextensible smooth skin.
The skin may be stretched several centimeters, but it
returns to normal when released. In Marfan syndrome,
patients are taller than average for their age, the
arm span exceeds height and, in addition, they have
arachnodactyly and deformity of the sternum (called
"pectus carinatum" or "pectus excavatum").?

Therefore, both Marfan and Ehler-Danlos syndrome
have their own singularities that differentiate them from
other collagenopathies, and similarities between them,
which create a complex connection between the 2
diseases.

Thus, this study aimed to analyze the correlation
between the 2 syndromes, focusing on their similarities
and differences, in order to assist physicians and other
health professionals in their differentiation for accurate
diagnosis and, mainly, appropriate pharmacological
treatment.

METHOD

This is a narrative review of the literature in which
review articles and case reports from 2009 to 2024
were used, in Portuguese and English. In the search, the
Scielo, PubMed, Google Scholar and Capes Periédicos
databases were consulted, through the application
of the following descriptors: Marfan syndrome,
Ehlers-Danlos, collagen diseases and treatment. The
inclusion criteria were articles and books related to
collagenopathies, focusing on the general description
or treatment of Marfan and Ehlers-Danlos syndromes,
resulting in 25 articles that were included in this study.

DISCUSSION

Marfan syndrome

First described in 1896 by French pediatrician
Antoine Bernard-Jean Marfan, it affects about 1 in
every 5,000 live births, with no predominance of sex or
ethnicity. It is a rare autosomal dominant disease with
incomplete penetrance that affects the connective tissue,
specifically its matrix, due to alterations in collagen
synthesis.*”® The condition is caused by mutations in
the FBN1 gene, on chromosome 15q21.1, which alters
the amount and structure of collagen.#®1° This gene
is responsible for encoding the fibrillin-1 protein, a
component of the structure of the microfibrils {10-12 nm
in size) of the extracellular matrix, which are essential
for the elasticity and tensile strength of the connective
tissue.>"

Thus, the main symptoms involve the cardiovascular,
musculoskeletal, ocular, pulmonary and central
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nervous system systems.> Another striking characteristic
is that those affected feel a lot of muscle pain, which
significantly decreases their quality of life.™ Therefore,
it is important to diagnose early and accurately so that
the appropriate medication is prescribed and brings
more comfort to the patient. Also, Marfan syndrome
is underdiagnosed and therefore the importance
of analyzing and knowing its characteristics, in
addition to the similarities and differences with other
collagenopathies, such as Ehler-Danlos.*

Some of the most common manifestations of the
syndrome are mitral valve prolapse, which can cause
mitral regurgitation, and is often the earliest and most
severe symptom of Marfan syndrome, since it can
bring more severe insufficiency and lead to death
in childhood, and dilation of the descending aortq,
usually later, and that it can cause, in addition to
mitral regurgitation, aortic regurgitation and rupture.
Because it has a higher concentration of elastic fibers,
the root of the aorta is more prone to dilation, a typical
characteristic of the condition.™

As for the musculoskeletal system, the most
characteristic  and  common  manifestation s
arachnodactyly, which is configured by the presence
of long and slender fingers, thoracic deformities, high
joint flexibility, scoliosis and hard palate, which causes
arching of the teeth.® Abnormal TGF-B signaling
resulting from changes in the FBN1 gene is responsible
for abnormal bone development and osteoporosis
development, as it results in irregularities in osteogenesis
and osteoclast activity. Exaggerated bone growth
causes spinal problems (especially scoliosis) to appear
more frequently in patients with Marfan syndrome.
However, surgical procedures for its correction are
significantly riskier in individuals with the disease.”

The diagnosis of Marfan syndrome requires a broad
analysis of several factors of the patient, analyzing
family history, tests such as complete anthropometry,
accurate ophthalmologic examination with a slit
lamp, chest X-ray (for visualization of the spine and
sternum) and echocardiography.™ The main form of
diagnosis is Ghent nosology, involving the analysis
of several factors, including affected family members
and manifestations of the disease. This analysis consists
of a test with scores up to 20, and it is necessary to
evaluate the presence of certain symptoms and family
history in determining the reference value, z-score, for
the diagnosis (Table). These criteria were improved in
2010 so that the diagnosis would be more accurate.*®

Early diagnosis is essential for a better prognosis,
since its manifestations are progressive and irreversible.
When the disease is detected early, many complications
can be avoided, increasing the life expectancy of
the carrier.*® This diagnosis tends to be more difficult
in childhood, as certain symptoms only manifest in
adulthood. Therefore, children with suspected Marfan
syndrome should be followed up regularly to monitor
symptoms.*8

Other factors that may make diagnosis difficult are
highly variable inter- and intrafamilial expressiveness;
certain clinical manifestations being age-dependent;
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large number of de novo mutations; and clinical overlap
with several other connective tissue diseases.?

TABLE— Ghent nosology simplified, with the main clinical
characteristics and respective scores

No family history With a family history

Aortic root 2, +2 z-score, and ectopy of the crystalline Lens ectopy

Aortic root 2, +2 z-score, and aortic mutation Fibrillin-1 (BNF-1)  Systematic score 2 7

Aortic root 2, +3 z-score if < 20

Aortic root 2, +2 z-score and score systemic > 7. years old. Or 2 aortic roof, +2

z-score if > 20 years.

Lens ectopia and mutation of the Fibrillin-1

Characterisfic Quantity points

Fist and thumb sign
Pectus carinatum
Protrusion of the acetabulum

Pneumothorax

Retrope deformity

Wrist or thumb sign

Low elbow joint extension movement

Flat feet

Stretch marks on the skin

Scoliosis or problems related to the position of the spine vertebral
Increased length of the upper limbs and height

Myopia

S
2
2
2
Dilatafion of the dura mater 2
1
1
1
1
1
1
1
1
Oblique palpebral clefts 1

1

Mitral valve prolapse

Regarding treatment, those affected are advised
not to smoke, pay attention to their blood pressure and
avoid high-intensity sports.® Musculoskeletal symptoms
are usually treated with occupational therapies or
physical therapy, without the need for medication,
and for aortic complications, beta-blockers are used,
which are prescribed to all those affected by Marfan
syndrome, including children. Such drugs reduce the
heart rate and reduce hemodynamic stress on the aortic
wall, preventing its dilation and dissection, and reducing
the risk of the appearance of other cardiovascular
complications, as well as the need for surgical
infervention in the myocardium.® The most significant
risk of Marfan syndrome is associated with aortic
dilation with the eventual development of an aneurysm.”
Consequently, its treatment is more urgent and, in most
cases, indispensable. Losartan is an angiotensin Il type
| receptor antagonist that has been shown to prevent
progressive dilation of the aortic wall. In addition to its
antihypertensive action, the drug induces a reduction in
plasma levels of TGF B. In addition, losartan does not
interfere with the angiotensin Il type Il receptor, which
is responsible for anti-infflammatory and antiproliferative
effects, maintaining the homeostasis of the aortic wall
and helping to prevent aneurysms.®

When aortic dilation becomes a risk factor, the
Bentall procedure is recommended, which consists of
replacing the aortic valve with a mechanical valve, also
called a composite valved graft, and which subsequently
requires the continuous use of anticoagulants such as
warfarin.”™

In addition, the nature of Marfan syndrome makes
conditions such as myopia and astigmatism common
among affected individuals. lts treatment is simple,
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and it is possible to resort to correction lenses.” During
childhood, it is recommended to visit medical geneticists
and cardiologists. In addition, periodic visits to pediatric
cardiologists and annual examination of the aorta
should occur, in cases where the size of the aortic root
exceeds 4 cm or with high growth of 0.5 cm per year, it
is recommended that these examinations be performed
every six months.” In adulthood, monitoring should
remain constant to avoid complications and, if they
arise, treat them as soon as possible. Pressure should be
controlled and preferably kept below 130/80 mmHg
in order to avoid hypertensive conditions and certain
medications such as hydralazine, calcium channel
blockers and fluoroquinolones, which are associated
with increased aortic dissection and increase the risk of
aneurysm. Also, sports such as diving and those related
to extreme heights are not recommended due to the
risk of spontaneous pneumothorax.” The prognosis of
carriers is relatively good, if diagnosis and treatment are
early. With the use of beta-blockers, the life expectancy
of patients can reach more than 72 years.® In addition,
although it is a possible way to relieve problems related
to the spine (such as scoliosis, common in Marfan),
surgical repair of the spine poses great risks to those
with Marfan syndrome, which can interfere with their
quality of life.” In general, those affected will have their
way of life affected by the multisystem complications
resulting from the disease. Despite this, it is possible for
the individual to have a long survival, if appropriate
treatment is given.

Ehler-Danlos syndrome

This syndrome is a set of diseases with predominantly
autosomal dominant inheritance, with great genetic
heterogeneity'® caused by mutations in about 47
genes that encode proteins that act in the formation
of connective tissue. They are: ADAMTS2, AEBPI,
ALDH18A1, ATP6VOA2, ATP6VTA, ATP7A, B3GALTS,
B4GALT7, BGN, CIR, C1S, CBS, CHST14, COLI2AT1,
COL1A1, COL1A2, COL3A1, COL5A1, COL5A2,
COL6A1, COL6A2, COL6A3, DSE, EFEMP2,
ELN, FBLNS, FBN1, FBN2, FKBP14, GORAB, LOX,
LTBP4, PLOD1, PRDM5, PYCRI1, RIN2, ROBO3, SKi,
SLC39A13, SMAD2, SMAD3, TGFB2, TGFB3, TGFBR],
TGFBR2, TNXB, ZNF469.2 Its incidence ranges from 1 in
2,500 to 1in 5,000 individuals.'

It is characterized by hypermobility of the joints,
hyperelastic skin, slow healing, fragility of tissues,
and frequent dislocations or subluxations after minor
traumas.'*” Due to these changes, those affected feel a
lot of muscle pain and the arterial fragility of the organs
can cause premature death.''® There are also cardiac,
neurological and psychological complications.™

In 2017, the international classification of diseases
that make up Ehlers-Danlos syndrome (EDS) was
created, which were divided into 13 subtypes, some
of which stand out for having characteristics, similar
to Marfan syndrome. Such subtypes are: classic EDS,
cardiac-valvular EDS, vascular EDS, arthrolasia EDS,
kyphoscoliotic EDS, fragile corneal syndrome, and
musculocontractural EDS. In these subtypes, some
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characteristics and symptoms present in patients
are very similar and should be carefully analyzed,
such as complications of joint hypermobility, severe
progressive heart valve problems (aortic valve, mitral
valve), arterial rupture, pneumothorax, kyphoscoliosis,
rupture/aneurysm of a medium-caliber artery, chest
deformity, refractive errors (myopia, hyperopia), retinal
detachment, scoliosis, and arachnodactyly.>"

Regarding its treatment, multidisciplinary conduct is
indicated, including physical and occupational therapy
and preventive care for the complications generated by
the disease."? Regarding arterial fragility, celiprolol is
used. The studies by Franck et al.’® demonstrated that
patients treated with celiprolol had a higher survival
rate, which depended on the dose received of the drug,
compared to those who did not use this medication (p =
0.0004).

Marfan syndrome vs Ehler-Danlos syndrome

The syndromes chosen for this review were Marfan
and Ehler-Danlos syndromes due to their symptomatic
similarities, but distinct in treatments in certain aspects.
Both affect the body's connective tissues, generating
several complications in common systems, such as
cardiac and ocular systems. Despite this, the treatment
for these collagenoses, although it coincides with certain
complications, is different, since the genes affected by
each one is particular, as well as the way in which these
genetic alterations affect each part of the organism.

When compared to other collagenopathies, there
is a variety in manifestations within the group, with
several diseases with the most varied symptoms, such as
rheumatoid arthritis (joint pain, small peripheral joints,
edema, general stiffness and weakness, subcutaneous
rheumatoid nodules, bronchiolitis and interstitial
lung disease)?®?, progressive systemic sclerosis
(inflammation, vasculopathy, and cutaneous and
visceral fibrosis, with collagen deposits in the dermis and
thickening of collagen fibers)?', and dermatopolymyositis
(interstitial inflammatory infiltrate, non-specific interstitial
pneumonia, organizing pneumonia, deep alveolar
damage, and muscle necrosis).?22°

One of the similarities between Marfan and
Ehler-Danlos is in their classification, since both are
collagenopathies, as they affect collagen synthesis.”?
Treatment involves the management of beta-blockers
to avoid complications related to dilation and possible
rupture of the arteries.”?* In EDS, the commonly
prescribed medication is celiprolol - reducing heart rate
and blood pressure, and consequently, also reducing the
mechanical stress applied to the arterial walls. In Marfan
syndrome the most commonly used drug is losartan,
which decreases plasma levels of TGF-B. However, in
experimental studies, it did not present significant effects
in rats induced for Ehler-Danlos syndrome, configuring
one of the differences between the 2 syndromes.?

Ocular involvement can also occur in both diseases.
However, this symptom is different for each of them.
In Marfan syndrome, there is an alteration in the lens
(subluxated or displaced upwards) and in EDS, there
is involvement and fragility of the sclera, resulting in
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perforation of the eyeball in severe cases.’

Symptoms affecting the musculoskeletal system
are also similar in the 2 syndromes, especially
spinal deformities (scoliosis, congenital or early-
onset kyphoscoliosis, which can be progressive or
non-progressive), chest deformity, arachnodactyly,
complications of joint hypermobility (e.g., sprains,
dislocation/subluxation, pain, and flexible flat
foot).” Lifestyle is also shaped in a similar way
between individuals with both diseases. Cardiac and
musculoskeletal frailty implies that those affected avoid
playing very intense sports.® In addition, the treatment of
Marfan syndrome and Ehler-Danlos syndrome involves
a multidisciplinary scope, with an approach that mainly
aims to help reverse and avoid possible complications
in the systems compromised by the diseases, with the
cardiac system being the system that requires the most
attention because it has more severe complications.

CONCLUSION

Marfan  and syndromes are
collagenopathies caused by mutations in genes involved
in collagen synthesis or in the enzymes responsible for
its structure. These syndromes have more similarities
than differences in relation to the affected tissue and
symptoms. However, their differentiation is fundamental
since the drug treatment is different and specific to each
of them.

Ehler-Danlos
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