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Fig. 6.

Involvement of A2BAR signaling in osteoblast differentiation. Suppressive effect of an A5 AR antagonist on (A) BSP and (B) OC mRNA

expression in MC/CD73 cells. MC/CD73 cells were cultured for 3 days in «-MEM supplemented with 10% FBS in the presence of the indicated
concentration of ZM241385 (AaAR antagonist) or MRS1754 (A, AR antagonist) or DMSO only. The DMSO concentration in each well was 0.1%.
The expression of BSP and OC were determined by real-time RT-PCR. *P<0.05 compared with DMSO-treated control transfectants. *p<0.05
compared with DMSO-treated MC/CD73 cells. Representative results from more than three experiments are shown.

(trabecular vs. cortical regions) requirements for CD73.
Additionally, whole mount staining with alcian blue and alizarin
red of E18.5 fetal skeletions, revealed no significant
abnormalities between cd73™'~ and wild-type embryos (data
not shown). These data reveal that CD73 is not required for
embryonic bone patterning or initial bone formation but is most
likely required for bone remodeling that occurs with age. In this
study, we showed that CD73 deficiency resulted in osteopenia
in male mice but not in female mice at |3 weeks of age. Mature
male and female mice are known to show different bone status
and remodeling rates. Thus, there may be an interaction
between CD73-generated adenosine and one or more age-
dependent factors such as sex hormones. Exploring this
interaction will be a topic of future work.

In this study, a series of in vitro studies revealed that CD73
promoted osteoblast differentiation, consistent with earlier
reports indicating that AR activation regulated proliferation and
differentiation of osteoblasts in vitro (Shimegi, 1998; Costa
etal,, 2011). The relatively modest bone phenotype of cd73 ™'~
mice may be due to redundant pathways of adenosine
production such as via cytoplasmic nucleotidases or S-adenosyl
homocysteine hydrolase. As it is possible that some of these
pathways could be up regulated as a consequence of life-long
CD73 deficiency, it would be interest to compare the bone
phenotype in mice with conditional CD73 deficiency when they
become available.

Unlike previous reports suggesting that adenosine supports
osteoclast formation and bone resorption (Evans et al., 2006;
Kara et al., 2010a,b), we found osteoclast markers were normal
in cd73™"~ mice in the steady state (Fig. 2A) and TRAP staining
of tibia showed comparable osteoclast numbers in wild-type
and ¢d73™'~ mice (data not shown). However, CD73-
generated adenosine may modulate osteoclast formation and
function during inflammatory bone diseases such as rheumatoid
arthritis and periodontitis, because inflammatory cytokines are
capable of inducing CD73 expression (Kalsi et al., 2002;
Niemeld et al., 2004) and adenosine is a well-known anti-

inflammatory mediator (Haské et al., 2008; Blackburn et al.,
2009). Future studies utilizing cd73™'~ mice in experimental
bone disease models will give us more insight into the role of
CD73 and endogenous adenosine in the pathogenesis of these
diseases.

Elevation of A;aAR and A;pAR expression was observed
during osteogenic differentiation (Fig. 5). These subtypes of AR
are coupled with Gs proteins that can initiate signaling to
stimulate bone formation (Sakamoto et al., 2005; Hsiao et al.,
2008). Interestingly the positive role of CD73 on osteoblast
differentiation in vitro was mediated by the A,gAR but not
the A;aAR (Fig. 6A,B). Our experiments do not rule out the
possibility that the A;aAR functions in osteoblast
differentiation in vivo independently of CD73; additional
experiments with gene-targeted mice will be necessary to
address this issue. Based on our data, we hypothesize that
CD73-generated adenosine stimulates the AypAR but not
the A;pAR or that A sAR signaling is not coupled to osteogenic
pathways. This idea is supported by reduced bone volume
in A2gAR deficient mice (data not shown) and previous studies
that demonstrated a tight relationship between CD73 and
the AzpAR in endothelial and epithelial cell function
(Strohmeier et al.,, 1997; Lennon et al., 1998; Eltzschig et al.,
2003; Eckle et al., 2007; Takedachi et al., 2008). Although the
mechanism by which CD73-generated adenosine activates
the AzgAR is not known yet, we speculate that the proximity
between the A,pAR and CD73 on microdomains of the plasma
membrane may lead to efficient activation of the A;zAR by
CD73-generated adenosine.

In conclusion, we propose that endogenous adenosine
generated by CD73 promotes osteoblast differentiation
via A;pAR signaling. The AjsAR is a seven-transmembrane—
spanning G protein—coupled receptor that is coupled to Gs
and uses cAMP asa second messenger. It has been reported that
cAMP promotes osteoblast function and the anabolic action of
bone formation by enhancement of bone morphogenetic
protein signaling (Nakao et al., 2009). Experiments are now
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ongoing to further define the role of the A;pAR in osteoblast
differentiation. Together with our findings in this study, such
information may lead to the development of new anabolic
therapeutic targets for bone diseases.
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Brief Report

Prenatal complex congenital heart disease with
Loeys—Dietz syndrome
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Abstract We report an infantile case of Loeys—Dietz syndrome prenatally diagnosed with congenital complex
heart disease — double outlet right ventricle and interruption of the aortic arch. The patient also showed
prominent dilatation of the main pulmonary artery. Emergency bilateral pulmonary artery banding was
performed on the 9th day. However, on the 21st day, the patient died of massive bleeding due to rupture of the
right pulmonary artery. Subsequently, a mutation of the TGFBR1 gene was detected. As cardiovascular lesions
of Loeys—Dietz syndrome appear early and progress rapidly, the prognosis is generally poor. Patients require
periodic examination and early intervention with medical therapy such as Losartan administration and
surgical therapy. Early genetic screening is thought to be useful for the prediction of complications as well as
vascular disease.
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OEYS-DIETZ SYNDROME IS A NEWLY RECOGNISED, The first foetal echocardiography revealed a huge
I rare autosomal dominantly inherited connec- aneurysm of the main pulmonary artery and

ive tissue disorder caused by heterogeneous complex congenital heart disease — double-outlet
mutations in the genes encoding the transforming right ventricle and interruption of the aortic arch
growth factor beta receptor one or two." This (Fig 1). Detailed multi-planar scanning showed that
syndrome is characterised by the triad of arterial there was no pulmonary valve stenosis, because of
tortuosity, aneurysm or dissections, hypertelorism, no acceleration in pulmonic flow, and no absent
and bifid uvula or cleft palate.” Here, we present a pulmonary valve. Therefore, we suspected a con-
patient prenatally diagnosed with complex conge- nective tissue disorder, such as Marfan syndrome.
nital heart disease and confirmed with Loeys—Dietz The foetus was followed up weekly for foetal
syndrome after birth. decompensation and signs of hydrops until the

39th week of gestation, and an elective caesarean

section was then performed. The male infant

Case report weighed 2834 grams at birth. After delivery, the
infant developed dyspnoea and was intubated for
artificial ventilation. Subsequently, a cleft of the soft
palate and bifid uvula were noted. To treat the
interruption of the aortic arch, we started him on a
prostaglandin infusion to maintain patent ductus
— arteriosus and on nitrogen inhalation to prevent

Coropodoc ¢ Sonws, D, 7D, 540 Mookl 0%k bl monary blood flow increase. Computed. tomo-
kadoy@mch.pref.osaka.jp graphy and angiocardiography confirmed the heart

A 3l-year-old pregnant woman was referred to
our paediatric cardiology unit at the 36th week of
gestation because of foetal congenital heart disease
and dilatation of the pulmonary artery.
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Figure 1.

Foetal echocardiography shows a large ventricular septal defect (*) of the double-outler vight ventricle (a), aneurysmal pulmonary artery
(b, ), and interruption of the aortic arch (d). aAo = ascending aorta; Ao = aorta; DA = ductus arteriosus; dAo = descending aorta;
LV = left ventricle, LSCA = left subclavian artery; PA = pulmonary artery; RSCA = right subclavian artery; RV =right ventricle;
SVC = supra caval vein.

{r ghgéimsmﬁer View)

i

Figure 2.

Computed tomography (day 0) shows the interruption of the aortic arch and aneurysmal main pulmonary artery before operation (a).
Computed tomography (day 18) shows progress of the significant expansion of the vight and left pulmonary arteries and descending aorta
after operation (b). A = anterior; aAo = ascending aoria; dAo = descending aorta; L = left; ltpa = left pulmonary artery; P = posterior;
mPA = main pulmonary artery; vtPA = right pulmonary artery; R = right.

disease diagnosed prenatally (Fig 2a). Loeys—Dietz facial appearance. On the 9th day, as the patient
syndrome was strongly suspected because of the had suffered a pulmonary haemorrhage due to
presence of cardiovascular lesions, thin skin, and pulmonary blood flow increase, emergency bilateral
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pulmonary artery banding was performed. However,
during surgery, it became apparent that application
of normal pulmonary artery banding was impossible
because of the very thin condition of the pulmonary
artery wall. Therefore, the surgeon performed
bilateral banding with the clip, not the usual tape,
but the banding was insufficient. This may be a
reason why his haemodynamics and respiratory
status were not subsequently stable. We again
performed computed tomography, which showed a
further significant expansion of the right pulmonary
artery and descending aorta caused by the pressure
of the expanded artery (Fig 2b). Therefore, we
started internal use of Losartan. On the 21st day,
he developed sudden hypotension and massive
bleeding from the thoracic cavity, thought to be
caused by right pulmonary rupture, and he died the
same day. Subsequently, as the genetic analysis
showed p.Thr200Pro (c.598A > C) mutation of
the transforming growth factor beta receptor one,
he was definitively diagnosed with Loeys—Dietz
syndrome. The mutation was de novo.

Discussion

Loeys—Dietz syndrome is a recently described
connective tissue disorder characterised by aggres-
sive ascending aortic aneurysm and dissection. The
clinical features are similar to Marfan syndrome,’
but this is a more severe syndrome because life-
threatening aortic dissection may occur even in
early childhood.*> Most patients have the triad of
vascular aneurysms, hypertelorism, and bifid or
broad uvula/cleft palate associated with variable
features. Heterogeneous mutations in the genes
encoding for transforming growth factor beta
receptors one and two are a consistent finding among
affected patients.

In addition, this syndrome shows various cardio-
vascular manifestations involving not only aortic
lesions — such as distortion, aneurysm, and dissec-
tions — but also congenital heart diseases.® The case
described in this report was also complicated with
congenital heart disease. The patient’s pulmonary
artery showed an abnormal expansion because of his
heart defect. That is, because he had an interruption
of the aortic arch, much more blood than normal
flowed through the pulmonary artery and the artery
was stressed by “volume overload”. Furthermore,
the pulmonary artery was stressed by high “pressure
overload” because the patient had double-outlet
right ventricle and a large ventricular septal defect.
It is thought that a pulmonary artery spread for
both reasons from the foetal period.

Muramatsu et al’ reported a case that was
complicated with a ventricular septal defect and
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showed aortic and pulmonary expansion. It is
thought that, in the Muramatsu case, the mechanism
producing pulmonary artery dilatation was similar to
that in the case reported herein. After birth, the
patient’s pulmonary blood flow increased due to the
ventricular septal defect, which led to acute heart
failure. He then underwent pulmonary artery
banding on the 12th day. After surgery, however,
the root of the main pulmonary artery, which was
stressed by pressure, had spread in the shape of an
aneurysm and intracardiac surgical repair, that is,
closure of ventricular septal defect, was performed on
the 42nd day. After the operation, the vascular
expansion stopped worsening, and in conclusion they
recommended early radical operation. However,
because our case was a Fontan candidate, he required
gradual surgery and radical operation was impossible
in early infancy. Therefore, we performed bilateral
pulmonary artery banding as a life-saving procedure,
but, owing to mural abnormal thinning, the banding
was insufficient, and his vascular expansion and
thinning progressed, which finally led to explosion
and bleeding to death.

In the case reported herein, significant pulmonary
expansion from the foetal period led us to suspect a
connective tissue disorder such as Marfan syndrome.
Viassolo et al” reported a similar case in a female
patient with Loeys—Dietz syndrome, who showed
dilated aortic root from the foetal period. Only aortic
dilatation was noted in screening foetal echocardio-
graphy at 19 gestational weeks and a connective tissue
disease was suspected. She underwent genetic analysis
and Loeys—Dietz syndrome was confirmed after birth.
At present, the Viassolo case and the one we report
herein are the only two cases showing a manifestation
of Loeys—Dietz syndrome from the foetal period.

Some cases of Loeys—Dietz syndrome are compli-
cated with congenital heart diseases.>®*® However,
those reported hitherto are associated with “simple”
congenital heart diseases such as ventricular septal
defect, atrial septal defect, patent ductus arteriosus,
and aortic bicuspid valve. There is no previous report
of Loeys—Dietz syndrome combined with complex
congenital heart disease, such as double-outlet right
ventricle and interruption of the aortic arch. In such
a case, the cardiovascular lesion as an expansion of
the great vessels, that is, the aorta or pulmonary
artery, may be aggravated during the foetal period.
Consequently, the foetus may die in utero. Even if
they can be born, their great vessels are continuously
or more strongly stressed after birth. Therefore, their
arteries expand and finally explode, leading to an
early death without undergoing any surgery.

This may be the reason why this is the first
reported case of complex heart disease with Loeys—
Dietz syndrome.
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infant developed dyspnoea and was intubated for
artificial ventilation. Subsequently, a cleft of the soft
palate and bifid uvula were noted. To treat the
interruption of the aortic arch, we started him on a
prostaglandin infusion to maintain patent ductus
— arteriosus and on nitrogen inhalation to prevent

Corvponis o Y. Kevos M0, FUD 840 Mool Okt pulmonary blood flow increase. Computed tomo-
kadoy@mch. pref.osaka.jp graphy and angiocardiography confirmed the heart

A 3l-year-old pregnant woman was referred to
our paediatric cardiology unit at the 36th week of
gestation because of foetal congenital heart disease
and dilatation of the pulmonary artery.
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Figure 1.

Foetal echocardiography shows a large ventricular septal defect (*) of the double-outier vight ventricle (a), aneurysmal pulmonary artery
(b, ¢), and interruption of the aortic arch (d). aAo = ascending aorta; Ao = aorta; DA = ductus arteriosus; dAo = descending aorta;
LV = left ventricle, LSCA = left subclavian artery; PA = pulmonary artery; RSCA = right subclavian artery; RV =right ventricle;
SVC = supra caval vein.

AlB

P 5
(horizontal-sectional view

Figure 2.

Computed tomography (day 0) shows the interruption of the aortic arch and aneurysmal main pulmonary artery before operation (a).
Computed tomography (day 18) shows progress of the significant expansion of the right and left pulmonary arteries and descending aorta
after operation (b). A = anterior; alo = ascending aorta; dAo = descending aovta; L = left; lipa = left pulmonary artery; P = posterior;
mPA = main pulmonary artery; rtPA = right pulmonary artery; R = right.

disease diagnosed prenatally (Fig 2a). Loeys—Dietz facial appearance. On the 9th day, as the patient
syndrome was strongly suspected because of the had suffered a pulmonary haemorrhage due to
presence of cardiovascular lesions, thin skin, and pulmonary blood flow increase, emergency bilateral
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pulmonary artery banding was performed. However,
during surgery, it became apparent that application
of normal pulmonary artery banding was impossible
because of the very thin condition of the pulmonary
artery wall. Therefore, the surgeon performed
bilateral banding with the clip, not the usual tape,
but the banding was insufficient. This may be a
reason why his haemodynamics and respiratory
status were not subsequently stable. We again
performed computed tomography, which showed a
further significant expansion of the right pulmonary
artery and descending aorta caused by the pressure
of the expanded artery (Fig 2b). Therefore, we
started internal use of Losartan. On the 21st day,
he developed sudden hypotension and massive
bleeding from the thoracic cavity, thought to be
caused by right pulmonary rupture, and he died the
same day. Subsequently, as the genetic analysis
showed p.Thr200Pro (c.598A > C) mutation of
the transforming growth factor beta receptor one,
he was definitively diagnosed with Loeys—Dietz
syndrome. The mutation was de #ovo.

Discussion

Loeys—Dietz syndrome is a recently described
connective tissue disorder characterised by aggres-
sive ascending aortic aneurysm and dissection. The
clinical features are similar to Marfan syndrome,3
but this is a more severe syndrome because life-
threatening aomc dissection may occur even in
early childhood.*® Most patients have the triad of
vascular aneurysms, hypertelorism, and bifid or
broad uvula/cleft palate associated with variable
features. Heterogeneous mutations in the genes
encoding for transforming growth factor beta
receptors one and two are a consistent finding among
affected patients.

In addition, this syndrome shows various cardio-
vascular manifestations involving not only aortic
lesions — such as distortion, aneurysm, and dissec-
tions — but also congenital heart diseases.” The case
described in this report was also complicated with
congenital heart disease. The patient’s pulmonary
artery showed an abnormal expansion because of his
heart defect. That is, because he had an interruption
of the aortic arch, much more blood than normal
flowed through the pulmonary artery and the artery
was stressed by “volume overload”. Furthermore,
the pulmonary artery was stressed by high “pressure
overload” because the patient had double-outlet
right ventricle and a large ventricular septal defect.
It is thought that a pulmonary artery spread for
both reasons from the foetal period.

Muramatsu et al® reported a case that was
complicated with a ventricular septal defect and
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showed aortic and pulmonary expansion. It is
thought that, in the Muramatsu case, the mechanism
producing pulmonary artery dilatation was similar to
that in the case reported herein. After birth, the
patient’s pulmonary blood flow increased due to the
ventricular septal defect, which led to acute heart
failure. He then underwent pulmonary artery
banding on the 12th day. After surgery, however,
the root of the main pulmonary artery, which was
stressed by pressure, had spread in the shape of an
aneurysm and intracardiac surgical repair, that is,
closure of ventricular septal defect, was performed on
the 42nd day. After the operation, the vascular
expansion stopped worsening, and in conclusion they
recommended early radical operation. However,
because our case was a Fontan candidate, he required
gradual surgery and radical operation was impossible
in early infancy. Therefore, we performed bilateral
pulmonary artery banding as a life-saving procedure,
but, owing to mural abnormal thinning, the banding
was insufficient, and his vascular expansion and
thinning progressed, which finally led to explosion
and bleeding to death.

In the case reported herein, significant pulmonary
expansion from the foetal period led us to suspect a
connective tlssue disorder such as Marfan syndrome.
Viassolo et al” reported a similar case in a female
patient with Loeys—Dietz syndrome, who showed
dilated aortic root from the foetal period. Only aortic
dilatation was noted in screening foetal echocardio-
graphy at 19 gestational weeks and a connective tissue
disease was suspected. She underwent genetic analysis
and Loeys—Dietz syndrome was confirmed after birth.
At present, the Viassolo case and the one we report
herein are the only two cases showing a manifestation
of Loeys—Dietz syndrome from the foetal period.

Some cases of Loeys—Dietz syndrome are compli-
cated with congenital heart diseases. 268 However,
those reported hitherto are associated with “simple”
congenital heart diseases such as ventricular septal
defect, atrial septal defect, patent ductus arteriosus,
and aortic bicuspid valve. There is no previous report
of Loeys—Dietz syndrome combined with complex
congenital heart disease, such as double-outlet right
ventricle and interruption of the aortic arch. In such
a case, the cardiovascular lesion as an expansion of
the great vessels, that is, the aorta or pulmonary
artery, may be aggravated during the foetal period.
Consequently, the foetus may die in utero. Even if
they can be born, their great vessels are continuously
or more strongly stressed after birth. Therefore, their
arteries expand and finally explode, leading to an
early death without undergoing any surgery.

This may be the reason why this is the first
reported case of complex heart disease with Loeys—
Dietz syndrome.
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Neonatal Marfan Syndrome and Review of 12 Cases in Japan
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Neonatal Marfan syndrome (nMFS) is the severest form of classical Marfan syndrome (¢cMFS). Although both nMFS and
cMFS are caused by defects in fibrillin (mutation of the FBNI gene), and the skeletal anomalies are similar, nMFS patients
show severe cardiopulmonary failure from birth or early infancy and a poor prognosis compared to cMFS patients, Effective
treatment of nMFS has not been established and almost all patients died in early infancy. In Japan, only 12 cases of nMFS
have been reported and their clinical courses and cardiopulmonary findings are similar to those of foreign cases. Because 2
cases with mitral valvuloplasty or mitral valve replacement were reported to be alive for more than 1 year after surgery

- among Japanese cases, intervention for mitral regurgitation may improve the prognosis. LA-PCR/MLPA methods enable us
to diagnose nMFS with large deletion of FBN/,

g &

T\~ N 7 7 > #{3%BF (neonatal Marfan syndrome :nMFS) {2, — %I & {AIS L= 7 7 7 #EMKBE (classical
Marfan syndrome : ¢MFS) & SEEER{ET-Tdh 5 FANIZIGET, 7 BRMBOAXRGH LT -T2 b0, Il
HEHe v LRI X ) T2 CRTRIEA 22 B LTHARTH S, MFSOIPT L RIGERICHIL T Y,
BEUREIAERE D, FBNI BEFOPTLLMFROFy b ARy b & LHI XX exon 23-32 DR EH IR
E AN, RIETBEIREE LV, NEFBLELSARBEREYT S SIIHENERTH LY, BIFIIELT
SHENE AP LERIBEENTSELT, SIFARMRBUIEEL TV, HPaRETHD, B
BVWTOHERMIDIT NI 2FICH 2. /U L BN - AT RERITH - 1285, Ml s
VL MR R 2 T > 2 2 PR L TH Y, MM ~OR AT HEBEL b Lo FilEtkArga i,
S LA-PCR i - MLPA #: 4 X OB A TG I3 EHE Ch - 1RIETBWIITIEE 2> T8 D, SROEATM
HEEINS.

OHBERSE B LTFHRARTSH ), MFSIZHEL

BUBHIC

TR N7 7 HEKEE(aMFS) (2, WAfFI~A
A TABRFASAL - RWEBLE S AL
LTHBITSND, Wbhbwa w7 v SR (cMFS)
LK. FBNIBIZT-OERTH U2 RK REHER
BHTHDY. TEIRMD SN R arH & ML

WHETHD. 2009 FRLITIRRHTI2H. WATY
100 B ECHGEDRAO'HA LB THL. SHE
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BWMThHo ot WMHlFe~O TRt AN fFTbh 25T
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£, SHRIGBIET-HHT % 0FH L 72108 2 BT & AEF
OFRHLETHS ) LB-DHINS. '

BEFIDENY

&% OHOBIRC Fig | IIRT &) Litgedrks
R Rt 2 AT L 2, HiERR & D WES 4 MM TR
A%, BEEOKREIRS - MRMRS SRS, GIEK
(LVDd 28.0 mm, 150% of normal), A#RRH - RiEHAR
Bk % B (Fig. 2), B RIFRAH £ CI
ATRUEFELL L2 LGAHGEHIINETH Y,
MO LA o gt b KA ISHNE L i 20 133 &l
B TRENEREZBTLICE- A FAHM 1Y
2 & T O/ ORI E AT LI AR IEAEAL.
RSB TTFHM 27 SRR LA, THBORKEE &
REBERLOREBYBCRETRITEERLL.

MLPA (Multiplex ligation-dependent probe
amplification) &: T OMHF T FBNI BHETFOR T L VT
exon 28 DR EHILH H LS. T 7o LA-PCR(Long and
Accurate Polymerase Chain Reaction) # % Fi W\ B#T T

Fig. 1 General appearance
A: Senile appsarance

i exon 26 ® T 164 bp 7 & exon 29 M LH 18 bp X
TAIERE D IR & L T v 2 (Fig. 3). TGFBRI -
TGFBR2 ® {31 - FBN2 RIETFIIXTEREZOHY, K
#i7e FBNI BEET- O/ E W ELLHERY V7 7
VIEFERE OBIFICE /.

FERVILT 7 VEREORIE

nMFS O ¥HERE 12 Btk 15q211 ISFFTET 2,
QORI TH S fibillin 23— FT 5
FBN! B{=1TdH 3. 63D exon EFH2BETFT. cb-
EGF F * 4 ¥ (calcium-binding-EGF F A {1 ¥ ) % ¥
. aMFS O#EIE cMFS & RIBkIC FBNI BIEF D
R - BEELS & TEE S o ) microfibril O 3R
A5 TdH A fibrillin 251720 & - HASEAE &Y, B
HREORIICERERT EEL LTV,

nMFS B3 HIE O AL fbrillin TORBEH
<. ¥ 7 microfibril DEEM DR  RE LAV ER
Y. MBFHLBRHcEs L, v/ OTIRLE
3BV TIZKBAR - B SHAR 66 I K L BRR G HENK %

B, C: Long extremities with arachyncdactyly

RE23E12B81 8 |
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Fig. 2 Chest X-ray and echocardiographic images

10mm

A: Bilateral pulmonary emphysema on day 11

B: Dilated pulmonary root

C: Aortic root was dilated to 18.8mm in diamaeter with a clover leaf like shape
D: All four (atrial and ventricular) chambers were dilated and LA was compressed by the descending aorta

from the backside
E: Severe mitral regurgitation flow toward the pulmanary veins
2.6Kbp
N\
Exon 27 Exon28 Exon 29
17bp

FEN1

I Deletion(2.4Kbp) I

Fig. 3 Schema of FBN1 deletion

] BRARBMBFMUE B Wed
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Mitc BWTIRRIS O 7 7 L ek ot o Xl %
#5, IZUTHEMICBWTHTHEEREZETS
ETReHEY. LOFICBVWTRERAOEER
2D H L SN, FKEIER - IR BV TIPR
OB EIIREERAE L, TERE O - F5REL
W4 EAEEE S NT WD, iz BV TR Atk
MAOEL, WICTT - TLTORGTRAROR
MR UAE RS 5™, SEESFANR AR %
ECRY, MM - ¥ - LRS- BRI ORI Y
HHLTWD o LN XD, KBRS fibrillin-1 / v
7T % by AOMIMEAIERTIX, IS IS fEvBtiiar
BAMEH <), BRIESIRoOBEIEZHLREY.
F 4% 5 HoMBROF B CIZE I B EARIR
L KRR OB IR SN TS ), NER
AIEHIZBHRTH DS EAVRMEEILD,

nMFS DBEREK

cMFS (3% 25% HT5E. 75% AR A EIERIET
H 3, nMFS TREHNOHE O, F/-#itdld
ORENBRFTHS. LA L cMFS BEXSHEY
2 B A TOR BT O aMFS D RO HE™ %,
6] B2 At T C aMFS (SRS B HUE 'Y (IR e
mosaicism i £ 2) b D, BEEENE2VEVID
WTid s

IR O Marfon HEBR R0 EIIBNT
aMFS % 4% TS HET L H2H. aMFS IS -
S SRRSO R 2N T LY, FHT
H5b.

nMFS OEBERH TOESESEIR (Table 1)

nMFS R % & HLRETRRD L) LHREE
DTS, DX )2, BINATOEATKE 2EIR
v, WIFROERFERZL S EHTCICBIENT
BY, T RRBETOECHSNSY,
NEHBTIR Y T RE BTER. EAMFRR BN
BHs, BENE OBIEA V. cMFS T 812
A 3 WIRETE E oy, LS HHET
54 - MBS SR UKBIRFF IR DSHIE
MEd, FMAML S DERTRLATV SN,
AEDRFTPAMA G124 {3 e,

nMFS D2E - &5l (Table 2)

aMFS DBHEEHL E L TIIBIBETIEZ 24D

1247 (63", % 72 neonatal / infantile Marfan syndrome
L USRI X D IER L ATV R, FERN,S
Marfon fERBEDONRABEHEL, R EPLEL
7oA 2 OHHRIEAR 224 b, LoRMEMSV.
MFS 3BT 1L Tdh 5 Ghent BRPFHET L H0 W
Wi - Fid BH~ OB RETH o227, 2010
SEASELAT B4/ Ghent 2B TId, JWRHFITS FBNIR
ETERMPTBE N, A TRDEEL & KEIRRIE
NPROATBUATIEE 2o TH Y, WEFIKY:
OFERT LIS LLE L o 2P,

TR - FLIRH & D aMFS & BIBDO VRO
TEBE 8 % 7R 4 $4 243 Loeys-Dietz syndrome (LDS)**,
SR i948 i 2 & RIG 4E 0% 8 (congenital contractural
arachynodactyly : CCA, Beals fESRBE) % ENHLET 5.
SRS DHEBOPTIE MFS A48 & LB & PHEATR
THHI L, BEBEENLVWE EEIENETIEH DA
HHERET IR RE S, HRSHLIRE LEBYIK
WAL, Ghent BHICH-=BUTZITI EEKTS
RIETHRERSHRLBALE LS.

nMFS D58 - Fik

BARETOFHEGII 4~ 163 T AMTHD,
L% CORCHALRR SN S, ARNER - T8
IR O KBRS - BT L DR LA OFRER
LOMEFTHI S 1 BB TIROAL, FRURTRHO
SR EORTERCHR BT TV I HENS
{2 EFCHEFELTVWARIIBTH L. %
EHEHITMUFICEHAAET 22D, ACE
AN - ARB 25 L EfoHERHL2 L 00,
BB THD, TLI-oBRRROHMEIREV. &
NS OHGEES O RRMIZIIET, MERNL L
DL LOBENKETHS.

nMFS DEiEFER

cMFS DRIETZROHEH FBN! BIZTF D134
FIZ i LTV A0 L IXEEMIC, aMFS OB{ETX
Ryt - ENHEEE O£ 60T FBNI 15T O exon 23
~ 32 @ peonatal region £ WFIINSEBFIRP LTS
N, THAaMFS DRIETEROKEGHHMEHELO
RTWV3*Y, MFSIZBWVWTH, —BIZRFEALZVD
DN, SOFMOEREFHFERATILLMERONE
MW ) 2T FERANSVEDRE L INT
b‘z’ 2&.21).

N ETCOHERTIIHRRLER, exon skipping &
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