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Abstract
Background

Marfan syndrome (MFS) is a connective tissue disorder characterized by mutations in the �brillin-1
(FBN1) gene. The most important manifestation is progressive enlargement of the aorta, ultimately
leading to aortic dissection or rupture. Present day pharmacological treatment is based on drugs that
decrease repetitive stress on the aorta and improve elastic properties and transport function of the aorta.
Unfortunately, this is not su�cient for most patients and surgical resection and reconstruction of the
enlarged part of the aorta is still necessary. We have shown earlier that the food supplement Resveratrol
inhibits aortic growth and promotes aortic repair in a murine MFS model. Resveratrol is a natural
polyphenol commonly found in the skin of berries and in nuts. Here, we hypothesize that Resveratrol
treatment will also be protective against aortic dilatation and functional deterioration in humans with
MFS.

Methods/Design

The RESVcue Marfan study is an investigator-initiated, prospective, pre-post observational, multicenter
trial. Four specialized academic centers in the Netherlands will recruit 100 patients with genetically
con�rmed MFS. Patients will use Resveratrol for one year, on top of their ongoing medicinal regime. The
primary endpoints consist of the following two main parameters; 1) aortic aneurysm expansion rate and
2) improvement of aortic functional indices. All indices will be measured before and after treatment by
echocardiography and (4D �ow) MRI. The 4D �ow MRI allows for analysis of blood �ow patterns and
quanti�cation of stresses on the aortic wall, distensibility and pulse wave velocity. Blood and skin
samples will be taken to assess the effect of Resveratrol on potential biomarkers associated with
Resveratrol metabolism and changes in the primary endpoints. Three psychological tests (The Well-being
questionnaire (SF-12), the Hospital Depression and Anxiety Scales (HADS) questionnaire and the
Checklist Individual Strength (CIS)) will be taken by the MFS patients to assess the effect of Resveratrol
on their well-being. 

Discussion

The RESVcue Marfan trial may provide su�cient data on bene�cial effects of Resveratrol on aortic
aneurysm expansion rate, aortic functional properties, and biomarkers in patients with MFS to justify a
future randomized trial in a larger cohort for a longer study period.

Trial registration

NL66127.018.18, approved on 24 September 2018. https://www.toetsingonline.nl/

Resveratrol as potential aortic growth inhibitor in patients with Marfan syndrome. 

Background

https://www.toetsingonline.nl/
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Marfan syndrome (MFS) is an autosomal dominant inherited disorder of connective tissue, characterized
by mutations in the �brillin-1 (FBN1) gene. Patients with MFS suffer from an increased risk of
cardiovascular disease, in particular: aortic root aneurysm formation, aortic aneurysm formation beyond
the aortic root and aortic dissection or rupture. This leads to enhanced morbidity and a reduced life
expectancy if left untreated (1, 2).

Pharmacological treatment is based on blood pressure lowering drugs, using mostly β-blockers or
angiotensin II receptor type 1 blockers (ARBs), like losartan. Although these drugs offer some bene�t in
reduction of aortic aneurysm expansion rate and in the occurrence of aortic dissection (3), they do
probably not su�ciently target the underlying cause of the progressive aortic degradation. While the past
two decades have uncovered different mechanisms involved in aortic disease in MFS, we still do not
exactly know how FBN1 gene defects result in aortic pathology. The abundance in FBN1 mutations (> 
3000 variants in the Universal Mutation Database (4)) in part explains the heterogeneity of aortic
manifestations seen in MFS, yet it does not explain the diversity within MFS family members with the
same mutation. This is probably caused by variation in genetic modi�ers. Rather than to focus on the
differences, it may be of interest to focus on what patients with MFS have in common.

The general concept in MFS is that the extracellular matrix (ECM) network in the aorta is defective,
resulting in excessive ECM remodeling by the aortic smooth muscle cells (SMCs), which undergo
phenotypical changes and will eventually be subjected to cell death. Moreover, the inner cell-lining of the
aorta, the endothelial cells that are in contact with the circulation, may also become dysfunctional in MFS
(5), which will lead to disturbed communication between endothelial and SMCs. Interestingly, impairment
of �ow-mediated dilation (as a readout of endothelial dysfunction) correlates with increased aortic root
diameters in MFS patients (5). Since we have previously shown that Resveratrol could enhance SMC
regeneration in a mouse model of MFS, in part by improving endothelial function (6), we hereby postulate
that Resveratrol may be a suitable therapeutic to use in human patients with MFS.

Resveratrol is a stilbenoid (3, 5, 4’-trihydroxystilbene) commonly found in the skin of berries, in nuts and
produced upon injury by plants (7, 8). It has become a popular dietary supplement since it was shown to
reduce cellular ageing processes in non-human studies (9). There are several mechanisms by which
Resveratrol could exert a bene�cial effect in MFS (10). First, Resveratrol has been shown to improve
mitochondrial function (energy metabolism) in human muscle (11–13), which may also apply to the
SMCs in the aorta, potentially promoting SMC survival. Impaired mitochondrial respiration has been
shown in MFS and Loeys-Dietz patient �broblasts (14), which thus seems a common pathological
feature that may be targeted by Resveratrol. Secondly, Resveratrol has been described to restore
endothelial function in arteriosclerosis, kidney failure and obese patients (15–17). The effect of
Resveratrol on endothelial function is mainly due to increased nitric oxide (NO) homeostasis and thereby
reducing oxidative stress, also in the SMCs (18). The importance of dysbalanced NO in MFS has been
elegantly shown in MFS mice by rescue of aortic dilation by the NO synthase inhibitor N(G)-nitro-L-
arginine methyl ester (L-NAME) (19). L-NAME is not considered safe to use in human studies because it
also inhibits neuronal NO synthase, thus is not an option for therapy in MFS.
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The primary aim of the RESVcue Marfan trial is to evaluate potential bene�cial effects of the food
supplement Resveratrol on aortic degenerative disease in patients with MFS. More in detail we will
investigate this effect on different levels; 1) morphologically: on aneurysm expansion rate as measured
by echocardiography and magnetic resonance imaging (MRI), 2) functionally: on aortic elastic properties
and wall shear stress as measured by MRI and 3) biochemically: disease biomarkers in plasma and in
skin biopsies on protein and mRNA level, respectively.

Methods

Study oversight
The RESVcue Marfan study is a pre-post observational, multicenter, clinical trial performed in four Dutch
university hospitals with a specialized multidisciplinary Marfan screening clinic. The RESVcue Marfan
trial will collect data on effects of Resveratrol on aortic diameters and aneurysm expansion rate, aortic
functional properties, and biomarkers in patients with MFS to justify a future randomized trial in a larger
cohort for a longer study period. The Amsterdam UMC will be responsible for data collection and
monitoring. The study authors are responsible for data analysis and interpretation. Any serious adverse
events (fatal, life-threating, disabling or resulting in hospitalization or prolongation of hospitalization) will
be reported to the accredited local ethics board, without undue delay after obtaining knowledge of the
events.

The local ethics board, as well as all the institutional review boards of the local centers approved the
study. Written informed consent will be obtained from all participants prior to the �rst outpatient clinic
visit and start of Resveratrol use (see supplementary material). In all cases it is the responsibility of the
research fellow to obtain written informed consent.

Eligibility criteria
In this study, a total of 100 patients with MFS will be enrolled for treatment with Resveratrol 500mg/day.
The study design is displayed in Fig. 1. In detail, all patients with con�rmed MFS (following the revised
Ghent criteria and with a known FBN1 mutation) are assessed for study eligibility. Patients will be
identi�ed by all four Dutch university hospitals with a specialized multidisciplinary Marfan screening
clinic (Amsterdam UMC - Academic Medical Center, Amsterdam; Radboud University Medical Center,
Nijmegen; University Medical Center Groningen, Groningen; Leiden University Medical Center, Leiden) and
by using the CONgenital CORvita (CONCOR) Dutch national registry for adult congenital heart disease
(20).

Patients are eligible for study participation if the following criteria are met: (i) patients aged between 18
and 50 years, (ii) have a maximum of one aortic prosthesis restricted to the aortic root, (iii) have a stable
blood pressure, (iv) have at least two measurements by echocardiography and one measurement by MRI
or computed tomography (CT) of the entire aorta available prior to inclusion. Patients will be excluded
when they (i) have an aortic root diameter > 50 mm, (ii) have a history of aortic dissection, (iii) have more
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than one aortic prosthesis, (iv) have had aortic surgery in the last 6 months prior to inclusion or (v) are
likely to have aortic surgery within the �rst 6 months of inclusion. Moreover, patients are considered
ineligible if they (vi) are known with mental retardation or (vii) are pregnant or have the intention to
become pregnant within the study length.

Intervention with Resveratrol
Description and justi�cation of route of administration and dosage. Patients will start with Resveratrol
500 mg daily, produced by European Health & Fitness Group (EHF Group) with Veri-te Resveratrol, isolated
and puri�ed by Evolva. Evolva is represented in the Netherlands by Lithos Ingredients. In 18 (non-cancer
related) human Resveratrol studies published since 2015, 24 dosages were used, of which the median
dosage was 500 mg/day (orally) and the median time of treatment 3 months with no side effects.
Therefore, we will use 500 mg/day (for one year). Trans-resveratrol is a substance of low oral toxicity,
which is supported by human clinical studies using dosages up to 5g/day for 28 days (21).

Summary of known and potential risks and bene�ts. The use of other cardiovascular medication will be
recorded. No adjustments will be made to the already existing, patient-speci�c, treatment. No harmful
effects were reported when using concentrations of Resveratrol 500 mg/day in human studies published
since 2015. In the meta-analysis of 21 studies in obese patients a small reduction in blood pressure was
observed upon Resveratrol treatment (-2.26 mmHg; 95% CI, − 4.82 to -0.49; P = 0.02) (22). When side
effects, such as dizziness or syncope occur, the Resveratrol dosage will be reduced. Based on the
COMPARE cohort(23), we do not expect to include patients suffering from Diabetes Mellitus, hypertension
or dyslipidemia. May this be the case, extra attention will be paid to any interaction with used medication.

Therapy adherence. Before starting treatment with Resveratrol, the patients will be su�ciently informed
on the hypothetical working mechanism of Resveratrol, to enhance adherence to treatment. In addition,
the reasoning for the given dosage will be explained. During the quarterly follow-up by telephone, speci�c
questions will be asked, which can inform the investigators (in)directly about the adherence to therapy.

Outcome de�nitions
The primary outcome is to evaluate bene�cial effects of the food supplement Resveratrol on aortic
degenerative disease, with two main parameters: 1) aortic diameters (aneurysm expansion rate) and 2)
improvement of aortic functional indices. All indices (described more in detail in ‘measuring the effect of
Resveratrol’) will be measured before and after treatment by echocardiography and (4D �ow) MRI. The
4D �ow MRI allows for analysis of blood �ow patterns and quanti�cation of stresses on the aortic wall,
distensibility and pulse wave velocity.

Secondary endpoints include measured changes upon Resveratrol use in: 1) cardiac parameters and
abnormalities, 2) potential disease biomarkers in plasma or skin samples, and 3) patient wellbeing. In
addition, we will evaluate (i) an association between patient plasma asprosin (FBN1 gene related
hormone) levels with body fat mass and other patient characteristics, (ii) male and female differences in
disease progression, (iii) Resveratrol response in patients with a native aorta compared to patients who
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have had aortic root replacement surgery, and (iv) patients with a haploinsu�cient (HI) FBN1 mutation
compared to patients with a dominant negative (DN) FBN1 mutation. Clinical geneticists determine the HI
or DN status of the FBN1 mutation.

Participants timeline
Time schedule of enrolment, intervention, assessments, and visits for participants are schematically
displayed in Fig. 2.

Sample size
Measured by MRI, the average annual growth of the aortic root in patients with MFS is approximately
0.35 mm/year with a standard deviation of 0.49 (19). With 100 patients the width of the 95% con�dence
interval of the average annual growth rate with Resveratrol treatment is therefore approximately 0.2
(4*0.49/10), which we judge to be su�cient to be used as a basis for decision making for a randomized
phase IIb or Phase III study. With 100 patients there will be 80% power to �nd a statistically signi�cant
Cohen’s effect size of about 0.3 or more. Such a large effect has not been observed so far with
pharmacological interventions in Marfan patients, but a Cohen’s effect size of 0.3 is considered to be
moderate.

Measuring the effect of Resveratrol
Physical examination. Careful physical examination is performed at each visit, especially focusing on
(decrease in) blood pressure. If patient experience side effects, blood pressure will be measured more
frequently.

Imaging. Prior to inclusion, all patients included in the study have at least two measurements by
echocardiography and one measurement by MRI or CT of the aortic root diameter available. In the study,
echocardiography and MRI will be performed in addition before and after one year Resveratrol use. The
imaging data prior to the study together with the data of the inclusion scan are used to determine the
aortic growth rate in the aortic root and throughout the entire aorta trajectory at several landmarks in the
thoracic aorta before Resveratrol use. The imaging data obtained during the study (2 scans; at inclusion
and at termination of the study) will reveal if there is a reduced aortic growth rate upon Resveratrol use.

Echocardiographic analyses. Transthoracic echocardiography will be performed with a Vivid 7 (GE,
Vingmed Ultrasound, Horton, Norway) ultrasound system by experienced ultrasound technicians. Aortic
root diameters will be measured in end-diastole at the level of the sinus of Valsalva, by using the leading
edge to leading edge technique in parasternal long axis, consistent with current American Society of
Echocardiography guidelines. In general, patients have more measurements of the aortic diameters with
echocardiography than with MRI throughout their life, therefore measurement by echocardiography will
provide us with useful information on the aortic dilation rate. Furthermore, LV function and the
presence/severity of valvular disease will be assessed by echocardiography.
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MRI analyses. Study subjects will be examined in supine position in a 3Tesla MR scanner using a high
power gradient system (Ingenia, Philips, Best, The Netherlands). All MRI scans will be performed at one
center (Amsterdam UMC – Amsterdam Medical Center). First localization of the aorta by balanced SSFP
sequences will take place. The entire aorta will then be visualized using a Dixon 3D sequence with
speci�c read-outs for water, fat, in phase and out phase MR signals and with an isotropic resolution of
1x1x1 mm. This sequence will be applied both in systolic and diastolic time-frames for analysis of aortic
strain patterns.

A 4D-Flow phase contrast sequence will be applied to the entire thoracic aorta. This sequence will yield
time resolved images of 3D aortic luminal velocities with a temporal resolution of approximately 30 ms
and an isotropic spatial resolution of 2.5x2.5x2.5 mm according to the guidelines (24).

4D-Flow MRI has been used to study helicity and vorticity of �ow patterns and how those relate to aortic
dilation in MFS (25). Compared to controls, MFS patients revealed different �ow patterns due to
dilatation or tortuosity of the aorta (26, 27). Thereby, it has been shown that the systolic wall shear stress
in patients with MFS was signi�cantly lower in the proximal inner descending aorta, compared to
controls, which decreased further during ageing (28). 4D MRI-based aortic pressure mapping showed that
pressure gradients at mid systole signi�cantly correlated with aortic diameter in the proximal ascending
and proximal descending aorta in MFS patients (29). Aortic elasticity can be deduced from a combination
of pulse pressure (measured by a sphygmomanometer cuff during the MRI scan) and 4D �ow MRI data
to calculate pulse wave velocities and aortic distensibility. Resveratrol could potentially have a bene�cial
effect on pulse wave velocities and aortic distensibility by enhancing endothelial function and SMC
regeneration, and thereby improving ECM remodelling. Our study will show if Resveratrol in�uences aortic
characteristics on these different levels.

Blood samples. Venous blood (20 mL) will be collected of every patient included in the study at baseline
and after one year of Resveratrol use. In the EDTA plasma samples we will measure Resveratrol
metabolites as readout of Resveratrol use, and potential biomarkers correlated to aortic disease.

For thoracic aortic aneurysm disease a small number of biomarker studies have been performed
previously, which may be validated in the current Resveratrol cohort. As plasma biomarkers for aortic
disease, proteins representing damaged ECM or SMC death may be measured. In the aorta, �brillin-1
forms elastin �bers together with elastin protein. Since �brillin-1 in the MFS cohort is the defective ECM
protein, �brillin-1 fragments can be measured as readout of aortic damage. In thoracic aneurysm
patients, increased �brillin-1 fragments in the circulation are associated with aortic dissection (30). Along
those lines, elastin fragments (desmosin) may be used as biomarker, since plasma desmosin showed a
strong correlation with aortic diameter and aortic events in abdominal aortic aneurysm patients (31).
Elastin fragments could also discriminate thoracic aorta dissection patients (including MFS) from other
cardiovascular patients and controls (32). Interestingly, micro�brillar-associated protein 4 (MFAP4) is
involved in �brillin-1 and elastin �ber formation and repair in all elastic tissues (33), and enhanced in the
MFS aorta (34, 35). We have recently shown that patients with MFS in the highest tertile of serum MFAP4,
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representing active �ber repair, were at risk for aortic dissection during 7 years follow up (35).
Transforming growth factor beta (TGFβ) is considered an important factor that is dysregulated in MFS.
Normally, TGFβ is a wound healing factor, which regulates ECM production and remodeling. Yet, in MFS
the enhanced TGFβ causes a �brotic aortic vessel wall and a change in SMC phenotype (36). We have
shown that plasma TGFβ associates with aortic root growth in MFS (37), thus TGFβ may be used to
monitor aggressive aneurysm dilatation. As mentioned previously, aortic SMCs change phenotype in MFS
and upon enhanced aortic disease they die. One of the characteristic structural proteins that is enhanced
in MFS SMC is the SMC marker smooth muscle speci�c alpha actin (ACTA2)(36). We anticipate that
enhanced plasma ACTA2 may function as a marker of increased SMC death in MFS and will associate
with severity of aortic disease.

Skin fat measurements and skin biopsy. Skin fat measurements are taken because a subgroup of
patients with MFS has typical marfanoid features such as being tall and slender, having long bones and
reduced body fat mass whereas other patients with MFS do not have such features. We will measure
subcutaneous fat mass for indications of mild lipodystrophy. Lipodystrophy syndrome has recently been
ascribed to mutations in the terminal part of the FBN1 gene, in the peptide hormone region coding for
Asprosin (38). Asprosin is cleaved from the rest of �brillin-1 and has a metabolic function to regulate
glucose release from the liver in times of fasting (39). Lack of Asprosin causes reduced adipogenesis and
excessive fat utilization as energy source due to reduced glucose availability. We anticipate that patients
with a FBN1 mutation leading to decreased �brillin-1 production (haploinsu�ciëncy) may also have
reduced Asprosin, thus reduced fat mass. The skin fat measurements will be correlated to plasma
Asprosin levels and FBN1 mutation type to unravel if Asprosin is a biomarker for the HI subtype of MFS.
The effect of Resveratrol on skin fat mass and the association of Asprosin plasma levels to aortic
features will be analyzed as well. By measuring the thickness of skin folds, one can determine the
amount of subcutaneous adipose tissue. Measurements are taken with the patient in standing position,
on the right side of the body. The patient must relax the muscle group that is being assessed. The skin
fold measurements are then applied on triceps, biceps, subscapular and suprailiac skin. There are several
tables available to translate the result of the measurement of the skin folds into body fat percentages.
The table of Durnin and Womersley is most commonly used and will also be applied in this study (40).

Skin is also a connective tissue containing �brillin-1 and elastin �bers. Therefore, the patients with MFS
will undergo a punch skin biopsy (3 mm in diameter) from the front side of the upper leg at baseline and
after one year of Resveratrol use. Lidocaine (2%) will be used as local anesthesia. Skin samples will be
useful as surrogate for aortic tissue, to provide further understanding of the pathophysiology of MFS by
studying the mRNA expression pro�le before and after Resveratrol use in relation to aortic features.
Results will be used to build prediction models of the Resveratrol therapy response and to identify genes
which may in�uence aortic disease. In that light, in skin samples of MFS patients within the COMPARE
cohort (23) we found that mRNA expression of transcription factor krüppel-like factor 4 (KLF4) was one
of the top genes associated with aortic growth (Fig. 3). KLF4 is considered a key regulator in SMC
phenotype in aneurysm disease (41) and recently shown in the most widely used MFS mouse model (42).
In human MFS tissue, a similar phenotypical SMC change was seen when compared to the MFS mice,
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suggesting a similar regulator (42). Moreover, inhibition of the enhanced KLF4 expression in human MFS
SMC promoted SMC survival (43). Therefore, mRNA expression of KLF4 in skin may be a potential
biomarker to assess aortic dilatation rate in MFS, and upon treatment.

Questionnaires. MFS has various implications that can impact quality of life. Psychosocial issues such
as a negative impact on an individual’s formative years, reproductive decision-making, work participation
and general feeling of wellbeing are not uncommon. In order to obtain insight in the psychosocial status
of our patients, all patients will �ll out three questionnaires before and after one year of Resveratrol use;
Well-being questionnaire (SF-12), Hospital Depression and Anxiety Scales (HADS) and Checklist
Individual Strength (CIS). The effect of Resveratrol on psychosocial status will be determined.

Generic health-related quality of life will be assessed with the 12-item Short Form Survey (SF-12), a
shortened version of the MOS SF-36 (44). The SF-12 measures eight health aspects, namely physical
functioning, role limitations due to physical health problems, bodily pain, general health, vitality
(energy/fatigue), social functioning, role limitations due to emotional problems, and mental health
(psychological distress and psychological well-being). Its items are combined to form the Physical
Component Summary (PCS) and the Mental Component Summary (MCS). These summary scales
based on the SF-12 correlate very highly with the SF-36 versions(45).

Anxiety and depressive symptomatology will be assessed with the standardized and validated
Hospital Anxiety and Depression Scale (HADS)(46, 47). It is a measure speci�cally designed for
patients with somatic illness, consisting of an anxiety and a depression subscale, both containing
seven items. A score ≥ 8 on either subscale indicates a possible psychiatric-, anxiety- and/or
depressive disorder and a score ≥ 11 indicates a probable psychiatric disorder in the same category.
HADS is a questionnaire that was found to perform well in assessing the symptom severity of
anxiety disorders and depression in both somatic, psychiatric and primary care patients(48).

The Checklist Individual Strength (CIS) questionnaire measures fatigue and behavioral aspects
related to this in a subjective manner and it consists of 20 items(49). The questions are divided into
four subscales: fatigue severity, concentration problems, reduced motivation and activity. We will be
using the subscale fatique severity. This subscale consists of eight items assessing fatique severity
over the past two weeks. Scores range between eight (no fatique) and 56 (severe fatique). The cutoff
score for severe fatique is 35(50). It is a valid and reliable tool for the assessment of fatigue, with a
validated cut-off score for severe fatigue that can be used in clinical practice (51).

Follow up
After the baseline clinical evaluation, including all diagnostic tests mentioned above, follow-up by
telephone will be performed the following 3, 6 and 9 months. Patients will be contacted, to register any
complaints, concerns or side effects. After one year of Resveratrol treatment, all patients will return to the
outpatient clinic. The above-mentioned examinations and measurements will be repeated. Clinical follow-
up will be performed earlier if patients experience any side effects.
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Discussion
MFS is a heritable condition in which progressive enlargement of the aortic root and thoracic aorta, with
potential rupture is the most severe manifestation. Present day, the only pharmacological treatment
option consists of β-blockers or ARBs. Unfortunately, despite drug treatment, patients often still need
surgical intervention to replace the enlarged part of the aorta. The RESVcue Marfan study, which focuses
on the effect of Resveratrol on the expansion rate of thoracic aortic aneurysms and functional aortic
parameters, could provide a new pharmacological treatment option to reduce disease severity. If a
bene�cial effect on aortic growth or aortic function is shown after one year of Resveratrol use, a
randomized study may be initiated in a larger cohort for a longer duration time.

Trial status 
The RESVcue Marfan trial is currently actively recruiting patients. The �rst patient was enrolled in March
2019, and recruitment is ongoing. At the moment 60 patients have been included. Completion of patient
recruitment is expected for January 2021.

Abbreviations
DN                  Dominant-negative
ECM                Extracellular matrix
FBN1              Fibrillin-1 
HI                   Haploinsu�cient
MFAP4            Micro�brillar-associated protein 4
MFS                 Marfan syndrome
MRI                 Magnetic resonance imaging
SMC                Smooth muscle cell
TGFβ               Transforming growth factor β
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Figures

Figure 1

Study design of the RESVcue Marfan study.
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Figure 2

Schedule of enrolment, intervention and assessment of the RESVcue Marfan study.
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Figure 3

Association between KLF4 expression in skin samples of patients with MFS from the COMPARE cohort
and aortic root diameter growth (p=0.00061).
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