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Abstract
The diagnosis of Marfan syndrome (MFS) is still based on 
careful clinical examination. There are, however, many factors 
creating problems in the firm establishment of the correct 
diagnosis. After the identification of the defective gene in 
MFS, fibrillin 1 (FBN1), several mutations in this gene have 
been reported. Since so far all but one of the mutations in 
FBN1 have been family specific, a common diagnostic DNA 
test for all MFS patients is not to be expected in the near 
future. Here, we have utilized four polymorphic markers in 
the diagnostics in MFS families from different populations. 
Two of the markers, FBNla and a novel FBN lb, are intragen
ic markers of FBN1 and two others, D15S103 (Gl 13) and 
CYP19, are very close to and most probably flank FBN1. The 
combined use of the multiallelic markers proved highly useful 
in MFS diagnostics providing informativeness in all analysed 
families.
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arachnodactyly, dolichostenomelia, anterior 
chest deformity, vertebral column deformity 
and joint laxity. Ocular findings consist of 
lens dislocation, myopia, corneal flatness and 
increased axial globe length. The most severe 
and often fatal manifestations are found in 
the cardiovascular system. They include dila
tion of the ascending aorta, aortic dissection, 
mitral valve prolapse and regurgitation of mi
tral and aortic valves [2],

Introduction

Marfan syndrome (MFS) is one of the most 
common genetic disorders of the connective 
tissue with a prevalence of about 1/10,000 [1]. 
It is inherited as an autosomal dominant trait 
and about 15-30% of the patients represent 
sporadic cases [2, 3].

MFS patients have abnormalities in their 
skeletal, cardiovascular and ocular systems. 
Skeletal manifestations include a tall stature,
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Although no specific therapy exists for 
MFS it is of great importance to confirm or 
firmly exclude the MFS diagnosis of the fami
ly members of patients as early as possible 
because of the potential fatal complications of 
the disease. At present, diagnosis is still based 
on thorough clinical examination, including 
measurement of body proportions, echocardi
ography of the aorta, slit-lamp ophthalmologi- 
cal evaluation and a chest radiograph [2]. A 
complete family history is also an essential 
part of the diagnosis. The problem is that in 
some cases the manifestations are not evident 
until early adolescence and although pene
trance is close to complete, the clinical expres
sion of the disease varies greatly between dif
ferent families and also among the affected 
members of a single family [2, 4], Further
more, many single clinical features of MFS 
can also occur in the general population and, 
by chance, two of them together [2], Thus, 
even an experienced clinician cannot always 
be 100% sure about diagnosis of young family 
members if the patients demonstrate only 
some features of MFS. Therefore, there is an 
absolute need for a more accurate diagnostic 
test especially for individuals with affected 
relatives.

Recently, independent data obtained both 
from the immunohistochemical analyses of 
the fibroblasts of MFS patients and from link
age analyses in MFS families have demon
strated that the defective gene in MFS en
codes fibrillin, an essential component of ex
tracellular-matrix microfibrils [5-7]. To date 
several mutations in the gene coding for fibril
lin (FBN1) have been published and it seems 
that every family carries a unique mutation 
[8-13, 28], The possibility of locus heteroge
neity of the disease still exists and obligatory 
recombination events between a Marfan-like 
disorder and polymorphisms in and close to 
the FBN1 gene have actually been reported in 
a large French family [14].

Immunofluorescence studies of cultured fi
broblasts and skin sections of MFS patients 
using monoclonal antibodies against fibril
lin have revealed that the amount of fibril
lin microfibrils in these samples is reduced 
[6]. Therefore, immunofluorescence analysis 
could be helpful in diagnostis, but this meth
od has not proven to be sufficiently sensitive 
or specific. Consequently, a definite need ex
ists for a more specific diagnostic test for 
MFS, and the discovery of the MFS gene has 
actually raised high hopes for a DNA test 
applicable in MFS families. Due to the high 
degree of heterogeneity in MFS mutations 
such a test must rely on polymorphic markers 
inside the FBN 1 gene or tightly linked to it.

We report here a novel intragenic polymor
phism of the FBN1 gene and the diagnostic 
use of DNA genotypes in MFS families from 
different Caucasian populations. Four am
plifîable polymorphisms, two intragenic to 
FBN1 [15], and two in the vicinity of this 
gene, D15S103 (Gl 13) [16] and CYP19 [17], 
were analysed to build up the genotypes which 
were informative in all analysed families, and 
facilitated early diagnosis of MFS with rela
tively high certainty.

Materials and Methods

The family material consisted of 15 unrelated MFS 
families from Finland, Belgium, Sweden, Switzerland, 
the United Kingdom and the USA. The total number 
of affected individuals was 82. The average family size 
was 11 individuals and there were three or more 
affected individuals in every family. All affected indi
viduals fulfilled the commonly used criteria for MFS
[3],

Genomic DNA was extracted by standard proce
dures from peripheral blood leucocytes [18]. DNA 
samples were amplified using primers specific for the 
polymorphisms: (1) FBN la: 5-CCTGGCTACCATT- 
CAACTCCC-3' and 5'-GAGTACATAGAGTGTTT- 
TAGGG-3' [15]; (2) FBNlb: 5 '-GAC ATT AAC- 
GAGTGTGAAACCC-3' and 5 -CACATCTGTAG- 
GAGCCATCAGT-3' (5' end biotinylated); (3)
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lies were informative with FBN1 a and a further analy
sis of these families was carried out with markers 
D15S103 and CYP19.

Computer programs MLINK and LINKMAP of 
the Linkage Package Version 5 [21, updated by Dr. J. 
Ott] were applied to perform the linkage analyses in 
our MFS families. The risk calculations were carried 
out with the risk calculation option of the MLINK pro
gram.

D15S103 (Gl 13): 5'GTTCAAAAGGCTCATCATG- 
TAGC-3' and 5'-TTCCTGAGTCCTTATAGCTTC- 
CA-3' [16], and (4) CYP19: 5'-GCAGGTACTTAGT- 
TAGCTAC-3' and 5'-AGTGAGCCAAGGTCGT- 
GAG-3' [17], PCR was performed in a volume of 50 pi 
with 10 ng of template DNA, 1 pM primers, 0.2 mM 
each of dATP, dCTP, dGTP and dTTP, supplemented 
with 50 mM Tris-HCl, pH 8.8, 15 mM (NH4)2S04 
1.5 mM MgCL, 0.1% Tween 20, 0.01% gelatin and 
0.8 U Thermus aquaticus DNA polymerase (Promega). 
In the case of FBNla, D15S103 and CYP19, 1 pCi of 
[a-32P]dGTP (3,000 Ci/mmol; Amersham) was added 
to the reaction. PCR was carried out in a programma
ble heating block (Techne PHCI) using the following 
programmes: FBNla: 95°C 1 min, 58°C 1 min and 
72°C 2 min; FBN lb and D15S103: 95°C 1 min, 
60°C 1 min and 72°C 1 min; CYP19: 94°C 30s, 
55°C30sand 72°C 1 min; each cycle was repeated 30 
times.

Results

In order to test their diagnostic value, we 
analysed four amplifîable polymorphisms in
side or in the vicinity of the fibrillin gene on 
chromosome 15 and followed their segrega
tion in 15 representative MFS families from 
Finland, Belgium, Sweden, Switzerland, the 
United Kingdom and the USA. All the fami
lies had a history of MFS in more than one 
generation and at least three living affected 
individuals could be analysed in each family.

Two of the analysed polymorphisms are 
located inside the FBN1 gene and two others, 
D15S103 and CYP19, are reported to be 
located very close to the FBN 1 locus [22], One 
of the intragenic polymorphisms is a novel 
one, representing a biallelic T/C polymor
phism in the coding region of the FBN1 gene 
and is localized -820 bp from the 5' end of the 
published cDNA sequence [23]. This poly
morphism was originally found in the se
quence analysis of this region from several 
individuals, and when the mini-sequencing 
technique was established to detect this poly
morphism the heterozygosity of this marker 
in our MFS families was 0.35 (table 1). The 
other analysed intragenic polymorphism is 
the previously reported 4-allele polymor
phism with allele sizes averaging from 150 to 
180 base pairs [15], localised inside the intron 
between nucleotides 896 and 897 according to 
the cDNA sequence by Maslen et al. [23], In 
our MFS family material and in CEPH fami
lies, the heterozygosity of the 4-allele marker

The alleles of FBNla, D15S103 and CYP19 were 
identified after amplification and separation of radio- 
labelled fragments by electrophoresis on a 5% denatur
ing polyacrylamide sequencing gel. The gel was fixed in 
10% acetic acid and 10% methanol solution for 
30 min, dried and exposed to X-ray film (Kodak, X- 
omat).

The novel biallelic T/C polymorphism of FBN1, 
FBN lb, was identified using the solid-phase mini- 
sequencing method under conditions previously de
scribed [19, 20], The DNA fragment spanning the 
polymorphic base pair was amplified using one bio
tinylated and one unbiotinylated primer. The ampli
fied biotinylated DNA was then attached to the 
streptavidin-coated microtitre well and denaturated in 
alkali. A mini-sequencing primer (5'-ACCCCTGG- 
GATCTGCATGAA-3') and Taq polymerase were 
used to carry out a one-step sequencing reaction. In 
this reaction the primer anneals next to the polymor
phic base pair and Taq polymerase incorporates only 
one radiolabelled 3H-dNTP, in this case either 3H- 
dCTP or 3H-dTTP, at the site of the polymorphism. 
The elongated primer with the incorporated radioac
tivity was eluted by dénaturation at high pH. The 
radioactivity was measured in a liquid scintillation 
counter and the ratio of the radioactive C and T was 
determined to test whether the individual was hetero
zygous or homozygous for the polymorphism [for de
tails see ref. 20],

The distances of the markers D15 S103 and CYP 19 
from the FBN 1 gene locus and their orientation to each 
other were calculated from the data on their segrega
tion in the CEPH families using the program designed 
for CEPH, version 6.0. Only 18 of the 40 CEPH fami
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!IChr 15Fig. 1. A location map demon
strating the distances of Gl 13 
(D15S103) and CYP19 from 
FBN1. FBN1 has previously been 
localised to chromosome 15q21.1 
by in situ hybridisation [26]. The 
recombination fractions between 
the markers were obtained using 
the multipoint linkage analyses in 
CEPH families and transformed to 
physical map distances using Hal
dane’s formula [27],
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Table 1. Summary of the four 
polymorphic markers Number of 

alleles1
Heterozygosity Informative 

meioses, %

4 (150-180 bp)FBN la 
FBNlb 
D15S103 
CYP19

0.34 40
2 0.35 29

10 (235-289 bp) 
6 (154-178 bp)

0.74 77
0.65 68

l Allele size in parentheses.

was 0.34 (table 1). No obligatory recombina
tion events were detected between the disease 
and either of the intragenic markers or be
tween the two intragenic markers in either 
CEPH or MFS families.

Two multiallelic markers have been as
signed to the immediate vicinity of FBN 1 in 
the CEPH consensus map [22], D15S103 
represents a 10-allele polymorphism, the sizes 
of the alleles varying between 235 and 289 
base pairs. CYP19 is a 6-allele tetranucleotide 
repeat with allele sizes ranging from 154 to 
178 base pairs. The heterozygosities of 
D15S103 and CYP19 were 0.74 and 0.65, 
respectively (table 1). We analysed the co
segregation of these markers and the 4-allele 
FBN la intragenic polymorphism in CEPH

families. The most likely order of these mark
ers was cen-D15S103-FBNla-CYP19-pter, 
the second-best order, cen-FBNla-D15S103- 
CYP19-pter, was 6.4-fold less likely and all 
the other orders were over 1,000-fold less like
ly. In pairwise linkage analysis, D15S103 was 
assigned 2.7 cM from FBN la and CYP19 
3.3 cM from FBN la, and in the multipoint 
linkage analysis, assuming the order of the 
markers to be cen-D15S103-FBNla-CYP19- 
pter, the corresponding distances were 3.2 
and 4.7 cM (fig. 1). When the order of the 
markers was assumed to be cen-FBNla- 
D15S103-CYP19-pter the distances of 
D15S103 and CYP19 from FBN la were 1.9 
and 6.0 cM, respectively.
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Table 2. Informativeness of 
the markers in the 15 analysed 
families

Family Number Number FBNla FBNlb D15S103 CYP19 
affected unaffected

8 51 + + + +

2 7 10 + +
3 4 1 + + + +
4 7 10 + + +

6 65 +
126 7 +

7 6 6 + + +

8 5 3 +
9 3 2 +

310 5 + +
411 4 +

12 8 7 + +
13 8 7 +
14 4 1 + +

4 315 + + + +

Informativeness, % 40 27 87 60

100%Combined

+ = Informative; - = non-informative.

MFS with a typical habitus, ectopia lentis and 
dilation of the ascending aorta. Both FBNla 
and FBNlb were non-informative, but mark
ers D15S103 and CYP19 were informative, 
resulting in lod scores of 2.709 and 2.408 (0 = 
0.000), respectively, in the pairwise analysis 
between each marker and MFS in this family. 
The information of markers D15S103 and 
CYP19 suggested that the newborn boy had 
inherited the allele associated with MFS in all 
affected individuals of the family. The statis
tically calculated risk of the newborn boy 
carrying the MFS allele was 99.9% assuming 
the order of the markers to be cen-D15S103- 
FBNla-CYP19-pter and 98% with the order 
cen-FBNla-D15S103-CYP19-pter. In genetic 
counselling we informed the parents, the risk 
of incorrect prediction being less than 5%, 
taking into consideration laboratory errors.

The second example is a three-generation 
MFS family in which there was uncertainty

In our MFS family material these polymor
phisms were informative as follows: FBNla 
in 40%, FBNlb in 27%, D15S103 in 87% and 
CYP19 in 60% of the families (table 2). A 
family was considered as informative if at 
least half of the meioses were informative. 
Consequently, in table 2 there are families 
which are marked as uninformative although 
a part of the family was fully informative. The 
combination of these four markers into a 
genotype and segregation analyses in the 15 
MFS families facilitated the follow-up of the 
MFS allele in each family.

Examples of diagnostic application of 
these markers are demonstrated here in the 
case of three families.

The first case is a four-generation MFS 
family with a newborn boy (IV-1; fig. 2). The 
parents wanted to obtain information on the 
affection status of their son as early as possi
ble. The father (III-9) of the boy has classical
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1 ^ 2mtohFig. 2. The pedigree demon
strating early presymptomatic 
diagnosis of a newborn boy (IV-1) 
in a four-generation MFS family. 
The genotypes of the four polymor
phisms are given. The affection 
status of the boy was determined 
by following the cosegregation of 
two informative markers, Gl 13 
(D15S103) and CYP 19. Symbols: 
□, O = Healthy; ■, • = affected; ? 
not known; N.D. = not deter
mined.
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about the diagnoses of the children in the 
third generation due to the variable expres
sion of the disease in the family (fig. 3). The 
family was informative with marker CYP 19 
and partially with marker FBNlb. The two- 
point lod scores obtained between each mark
er and MFS were 1.203 for CYP 19 and 0.602 
for FBNlb (0 = 0.000) when the status of the 
children, whose diagnosis was uncertain 
(III-l, III-2, III-3, III-6, III-7, III-8 and III-9) 
was marked as ‘not known’. These lod scores 
support the linkage of MFS to chromosome 
15 markers in the family. The analysis of the 
CYP 19 genotype suggested that children 
III-3, III-4, III-5, III-6 and III-7 had inherited 
the allele associated with MFS and children 
III-l, III-2, III-8 and III-9 had inherited the 
other allele from their respective affected par
ent. Segregation of marker FBNlb could be 
followed from individuals II-3 and II-4 to 
their children, HI-4, III-5 and III-6, and sug
gested that all the children had inherited the 
allele associated with MFS, just as the analysis 
of CYP 19 had indicated. The statistically cal
culated risks of being affected, assuming the 
order of markers to be cen-D15S103-FBNla-

CYP19, among the children with the allele 
associated with MFS were 96% (III-3, III-6, 
III-7) and the corresponding risk of the chil
dren who had inherited the other allele from 
their affected parent (III-l, III-2, III-8, HI-9) 
was very low, only 4%. When the order of 
markers was assumed to be cen-FBNla- 
D15S103-CYP19 the risks to the children 
were 92% (III-3, III-6, III-7), and 8% (III-l, 
III-2, III-8, III-9). In this family we actually 
identified a specific mutation resulting in a 
366-bp deletion in the fibrillin cDNA in af
fected individuals [9]. Direct analysis of this 
mutation confirmed the diagnoses of uncer
tain cases and was in complete agreement 
with the results obtained from the segregation 
analysis of the two informative polymorphic 
markers.

The third example represents a small MFS 
family with affected individuals in three gen
erations (fig. 4). All of our four markers were 
informative in the family and two-point lod 
scores between each marker and MFS were 
0.806 for D15S103, 0.648 for FBNlb, 0.839 
for FBNla and 0.824 for CYP 19 (0 = 0.000) 
which are quite low because of the small size
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Fig. 3. The pedigree of a three-generation MFS family demonstrating the diagnostic use of 
amplifîable markers in young members of the family. The genotypes of the four markers 
(G113 = D15S103, FBN1 b, FBN1 a and CYP 19) are presented. Symbols indicate the affection 
status, based on the original evaluation by a clinician (□, O = healthy; ■, • = affected; 01, 3 = 
some marfanoid symptoms, not sufficient for diagnosis [3]). The ages of the individuals in the 
third generation are given. Since a deletion of 366 bp of cDNA was also identified in this 
family [9], the result of the specific mutation analysis is also provided (del = a deletion identi
fied; norm = normal genotype).

state of the disease the patient can be followed 
more accurately and the major complications 
more efficiently prevented.

Most, if not all, classical Marfan as well as 
ectopia lentis cases are caused by mutations in 
the FBN1 gene on chromosome 15 [24, 29], 
On the other hand, other disorders sharing 
features with MFS such as congenital contrac
turai arachnodactyly, annulo-aortic ectasia 
and mitral-valve prolapse have not been un
equivocally assigned to this chromosomal re
gion or have been assigned to a fibrillin gene 
in another chromosome [24], To date, specific 
mutations in the FBN 1 gene have been identi
fied in only 10-20% of analysed MFS patients 
[8-13, 28]. The FBN1 gene is large and com
plex, consisting of numerous repetitive re
gions and, additionally, the structure of the 5' 
end of the gene is still unknown [23], All these

of the family. In this family also the markers 
clearly co-segregate with the disease in the 
family, although the small size of the family 
sets some restrictions on definitive ascertain
ment of a diagnosis.

Discussion

Nowadays, diagnosis for MFS is based on 
careful clinical examination and is often ham
pered by the highly variable expression of the 
disease and the fact that the manifestations 
sometimes do not occur until early adoles
cence [2], Since the complications of MFS, 
such as rupturing of the aortic wall, can be 
life-threatening, presymptomatic identifica
tion of the patients is extremely important. 
When diagnosis is made in a presymptomatic
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(fig. 2) and in young subjects presenting a 
mild phenotype resulting in diagnostic prob
lems, as our second example shows (fig. 3). 
These markers are of course also applicable to 
prenatal diagnosis in MFS families.

Of the families we have described here in 
more detail the first two (fig. 2, 3) represent 
ideal examples of the usefulness of polymor
phic markers in MFS diagnostics. They are 
large families with several affected individu
als. At least one of the markers is informative, 
suggesting that the disease co-segregates with 
chromosome 15 markers, giving impressively 
high certainties in the risk calculations. Our 
third example represents a family which is not 
optimal for this kind of diagnostic approach 
because of its small size and the small but still 
existing possibility of locus heterogeneity un
derlying MFS. Nontheless, this family is ap
plicable if the individuals are ready to accept 
a certain degree of uncertainty in the pre
dicted risk.

The advantage of the polymorphic mark
ers in diagnostics as compared with the im
munofluorescence technique, which is used to 
detect the decreased amount of microfibrils 
[6], is the rapid analysis directly from blood 
samples; no skin biopsy or cell culture is 
needed. The results of the marker analysis are 
easy to interpret even by inexperienced per
sonnel, whereas experts are needed to detect 
abnormalities in immunofluorescence stain
ing. Additionally, marker analysis in families 
reveals precise individual risks, whereas the 
immunofluorescence test reveals a cellular 
phenotype which can also be caused by de
fects in genes other than FBN1. On the other 
hand, the disadvantage of marker analysis is 
the requirement for DNA samples from sever
al family members. In addition, the use of 
polymorphic markers in the diagnostics of 
MFS does not eliminate the diagnostic prob
lem in sporadic cases and in small families. In 
these cases, for the diagnostic analysis to be

1 2_,Q-t-0I
G113 13
FBN1b 11 
FBN1a 11 
CYP19 25
CFxhJTb

n 12G113 14
FBN1b 11 
FBN1a 12 
CYP19 12

32
1212

13 13
2151

iTiill
G113 43
FBN1b 11 
FBN1a 21 
CYP19 25

42
12
23
21

Fig. 4. The pedigree of a small MFS family. The 
genotypes of the four markers are given (Gl 13 = 
D15S103). Symbols: □, O = Healthy; ■, • = affected.

features create technical problems for the 
identification of the gene defects found in the 
heterozygote form in MFS patients. Since all 
but one reported MFS mutations have been 
family specific and are found spread over the 
entire cDNA, this rules out the possibility of a 
generally applicaple diagnostic DNA test to 
identify MFS patients. In families with sever
al affected individuals, diagnosis can, how
ever, be made quite reliably by identification 
of the MFS allele using polymorphisms inside 
and in the vicinity of the FBN 1 gene. In this 
study we tested the diagnostic value of four 
such polymorphic markers in representative 
families from several populations.

The DNA genotypes formed by the four 
studied polymorphic markers proved to be 
highly valuable in the diagnosis of the individ
ual MFS families. In our family material at 
least one of the markers was informative in 
each family (table 2). The markers could be 
applied to confirm the diagnoses in presymp- 
tomatic children, as in our first example
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of osteogenesis imperfecta (01), which, like 
MFS, is also highly heterogeneous in muta
tions [25], Although the diagnosis of 01 is 
complicated because of the two disease loci it 
is possible to identify the OI allele with cer
tainty especially in large 01 families. To our 
knowledge, the present paper describes the 
first systematic trial aimed at DNA diagnos
tics in MFS families, and the results show how 
a DNA test can considerably assist in the pre- 
symptomatic identification of patients. As ex
pected, the multiallelic markers were the most 
useful due to their high informativeness, but 
the combined use of several intragenic bialle- 
lic markers would also be quite applicable, 
especially due to the possibility for their rapid 
identification by the solid-phase mini-se
quencing.

reliable, identification of the mutation is nec
essary. The remaining possibility of locus het
erogeneity in MFS must also be borne in 
mind; if another MFS locus exists, the segre
gation analysis of the polymorphic markers in 
and around the fibrillin gene will lead to mis
diagnosis.

Technically, the analyses of these polymor
phic markers are not very demanding, they 
are quite rapid to perform and are relatively 
inexpensive. However, the electrophoresis- 
based identification of the amplified products 
is not always ideal for clinical laboratories. 
The solid-phase mini-sequencing method [20] 
applied here to identify the biallelic FBNlb 
polymorphism is a prototype for DNA diag
nostics suitable for clinical-laboratory use. No 
electrophoretic separation step is needed, the 
results are obtained in numerical format and 
they unequivocally identify the heterozygous 
individuals. Additionally, the results are easy 
to store and the whole analysis can be easily 
automated. The single biallelic polymorphism 
reported here is not alone informative enough 
for diagnostics but when more biallelic poly
morphisms are found it will be possible to 
build up a diagnostic kit to detect several 
intragenic polymorphisms simultaneously 
with the rapid and technically easy solid- 
phase mini-sequencing method.

The use of polymorphic markers has pre
viously been described in prenatal diagnosis
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