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Loeys-Dietz JiE & #F
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Loeys-Dietz Syndrome
Hiroko Morisaki, Takayuki Morisaki

Department of Genetics and Bioscience, National Cerebral and Cardiovascular Center Research Institute, Osaka, Japan

Loeys-Dietz syndrome (LDS) is an autosomal dominant genetic disorder characterized by vascular (arterial tortuosity, aneurysms
and/or dissections), craniofacial (hypertelorism, bifid uvula/cleft palate, craniosynostosis), and skeletal manifestations (pectus
excavatum or pectus carinatum, scoliosis, joint laxity, arachnodactyly, talipes equinovarus); however, not all symptoms are
always present in patients. Clinical features possibly overlap with Marfan syndrome, but the most characteristic feature of LDS
is aggressive and widespread arterial aneurysms throughout the arterial tree, which needs frequent echocardiography or CT/
MRA examinations and early therapeutic intervention. LDS is best managed with a multidisciplinary team of specialists,
including pediatric and adult cardiologists, cardiothoracic surgeons, orthopedists and medical geneticists. The genes responsible
for LDS are TGFBRI and TGFBR2, and SMAD3 and TGFB2 are also involved in LDS-related phenotypes. These genes are all
related to the TGF- § signaling pathway.

Z g

Loeys-Dietz fEEEE (LDS) 1, YIRS / 28, AT YIS 7 X O IS AR, SR 0E 5 (IRFI RO g, — o S|/ OB,
HEFRPEAS), BLUME4 OFREREH, 1By, @€, BELETTE), 7Kg WRE) 22T 5 FL0EE
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FBN1 (Fibrillin)

Fig. 1 TGF-B signaling pathway genes.

Genes associated with LDS (TGFBRI, TGFBR2, SMAD3 and TGFB2) are members of the TGF-
signaling pathway as shown here. Fibrillin 1, coded by FBNI for Marfan syndrome, is also known to

regulate TGF- f activity.
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Fig. 2 Vascular manifestations in LDS.

A: Aortic root dilatation (0 60mm), B; Bilateral CIA aneurysm, C: Tortuosity of vertebral arteries
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Fig. 3 Clinical features of LDS.
A: bifid uvula, B: craniosynostosis, C: arachnodactyly, D: talipes equinovarus

Ghent Z2#EDILETH TN, MFS & LDS 2MERIE L3
CE->TWnAY,

- AEERAL (MFS & D FI)
- AR

REEEE

1. DMER

(1) BB et A

RERETFEOILK, KBRS HEAE, EIEF%
i - S OEEEE D, EREIREO M, AEE
FEICS LR EER D LICER L ZETITY
PRI N TV B,

(2)#% CT £ 721X MRA

Fa g R REIAR 20 & AR BIAR 12 5 &5 OBk R I
WTAZ Y ==V 7 %479, BRIEATIE, B EAR
GETRTH A%, BIESL L OCEHRME CROSNS
ZERLn,

2. B%R
DF DM %479 (X #4355 - CT - MRD).
b - RERE, B, RTRE
CEEBRARINA
- SEMEARZEENE
- Chiari 1 ¢
- B RRRERE LR

3. RRHRE
—ERESMAESIZIN R, LT O EZ 1T .

SHEREDPEARATH L, EFMERETH L0, 1B
R, BRI, IR, BEREEMEICLSZF—2
TEFET L.

1. fEIREER

HERFHENOHEPRDREVD, LIEROE
HIZRIEETHDH. MFS LI, L /3R
TLMRBEELRIET AW REEDNH B 2 &, HEBOERE
TiE, REREGLUSAOEHIRIC D EIRE - LR % 32D
HIEIEETA.

(1) BEIEH

KENREIILR 2 520 5 BETIE, FEMICL 58
DYFRZHHIT 572012, BIMEOAHFES L THE
BICHREARGENULETH L. BEFE LTIE, BIE
WEEB L WARB(T ¥ V4 7 v ¥ v I ZHFEEHE)
D— AR S 5. MFS [k, Losartan 25 %) T
HbHEENDFME) DS, EHEDD 7 OEHIC
WEFEREIFESI N TN,

(2) F B BY AR BYBR 2556 A T & 3t

B 22 ARKBREHEORELFHT 572
%, EIMEOWIRL D 12 BE TIE TS KENIRE
He NLIEICERT 2FMrHEEI NS MFS 12

ER26E5A818 |

] 15

_49_



237

Table 1 Comparison of clinical features between LDS and MFS.

LDS MFS
TGFBR1 /
gene TGFBR2 SMAD3 TGFB2 FBN1
Cleft palate/bifid uvula ++ + + -
Hypertelorism ++ + + —
Craniosynostosis ++ — — —
Ectopia lentis — oo
Tall stature + + ++ ot
Arachnodactyly ++ + + b
Pectus deformity + o o o
Club foot -+ + s —
Osteoarthritis + et + +
Aortic root aneurysm ++ et ++ e
Arterial aneurysm +- + +
Early dissection +++ ++ + +
Arterial tortuosity ++ ++ +
Mitral valve insufficiency + + ++ 4
Bicuspid aortic valve ++ + + —
Skin Striae + + + ot
Hernia + + R +
Dural ectasia + + + +

—: absent or at population frequency, +: observed, ++ common, +++: typical

N, NS VIR T R FERET A 720, AT
KETIRILEREDT dem & B 2 720 S TR B0 H i,
ARTYH, REIRIESED ZEA54 ik, &5\ Id4E
LR DT 05em # B2 B ATz s s,
%P, BHRENRVER CIE L BRI HEES 2 1E
MAHLEENTVEID, ZERI LIk 7256
FizERTNELV)ERLH D0, B vHREZE
27O NTMERE 0@ S, KEIRFIRES
1.8 ~ 2cm (23T 5 FTIE, ATREZR R ) NEHIAE % 18
S4B firkix, MFS & R BRI, HOFERFFIH
(David F1f7) & 5\ 13, BOFEFVHEE 2 ERICB
WA & AT & 24T (Bentall F4i7) 3T H AL
L. bAENIBWTIE/ARIIE T 5 B AR RS
BBAIZEIT b TR was, BekTid, ARIzBw
TLREFREGERIOTEB Y, BEMIZATYBFH
KIIENZ Eh o, TEROIBEREZ LEE LW
HOREA TR STV B0,

2. ZOMOBER  BIAER, BEAR, RE, OF
S48 3
SHERIEDPERTH ), MFSICE L 5. BHEFRE
BEEAEO ST, BEENETEIC L0 RisE
EZELLIURENHLDTIEET 5.

(Modified from Nat Genet 2012; 44: 922-927)
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# 2 EEMTBIROREEET (K

e BT #HH

FEXME QT ERAERR
LQT1 KCNQI KvLQTI1(potassium channel a subunit)
LQT2 KCNH2 HERG (potassium channel a subunit)
LQT3 SCN5A Navl.5(sodium channel a subunit)
LQT4 ANKZ2 Ankyrin B, anchoring protein
LQT5 KCNEI MinK (potassium channel 8 subunit)
LQT6 KCNE2 MiRP (potassium channel 8 subunit)
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LQTI11 AKAP9 A-kinase-anchoring protein 9
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BrS8 MOG1 Nucleocytoplasmic and microtubule transport
BrS9 KCNE5 Transient outward current 8 subunit
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FEIREMEZEDHIE (ARVC)
ARVD9 PKP2 Plakophilin 2
ARVDIO DSG2 Desmoglein 2
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& 3 BEEOHEORBRET (B

BEF EH RE
MYH7 Myosin-7 | HCM, DCM
MYBPC3 | Myosin-binding protein C, cardiac type HCM, DCM
TNNT2 | Troponin T, cardiac muscle HCM, DCM
TNNI3 Troponin I, cardiac muscle HCM, DCM
TPM1 Tropomyosin al chain HCM, DCM
ACTC1 | Alpha Cardiac actin 1 HCM, DCM
CSRP3 Cysteine and glycine-rich protein 3 HCM, DCM
LAMP2* | Lysosome-associated membrane protein HCM, DCM, Danon &
PLN Cardiac phospholamban HCM, DCM
DES Desmin HCM, DCM
ACTN2 | Actinin, a2 HCM, DCM
VCL Vinculin HCM, DCM
ANKRDI | Ankyrin repeat domain-containing protein 1 | HCM, DCM
MYLZ Regulatory myosin light chain 2 HCM
MYL3 Myosin light chain 3 HCM
PRKAGZ2 | y subunit of AMP kinase HCM
GLA* o-galactosidase HCM, Fabry &
TTN Titin DCM
DMD* Dystrophin DCM, Becker &
SGCD Sarcoglycan, DCM
LMNA Lamin A/C DCM
RBM20 | RNA-binding motif protein 20 DCM
TMPO Thymopoietin. DCM
TCAP Titan-Cap DCM
BAG3 BCL2-associated athanogene 3 DCM
LDB3 LIM domain binding 3 DCM
* X HEHERE,

VBERTLERA~ERFEZE TERTH 3.
FREBCRENER 2RO, 2D 70% T PKP2
BEFEEBRAZEINSD, 2hbAHcb -
PORERBEFRAEEIN T3, RBIRETER
BREENBAICRY R 7D H 3 BEORET
RELEODON B,

SQTS R OB LT QTcHEDEH2HD,
HREZ2ET2EREATH 2D, ERERELREK
HETERMEDLDONE L, BETFEFICLS
GRESQTS B EHLHTENTH 3.

S BIEDEE (% 3)

DFRFEGEERRERBIC X b, BA® (hypertro-
phic : HCM), 353! (dilated : DCM), #3E
(restrictive : RCM) &2 Fic & 5, (k%
BEDMDDBREBPRYEICHAETZILbS
VWA, FEOHES TR VWL LEE TR FRKIE
REXBHBEAMNHY, 5 LIEME R
BEFHESED N, ThETIE L DERME

EFHBREZI N TS, HCM Tid 40~60% TH
HEETFIREEN, ZOSLBMYH7TBLUT
MYBPC3BIEFDOERTHS. —F, DCM T#t
GFERMNAE I N 5 DIIZFBEME DCM @ 15~
30%I2 T E¥ il SEEHRITLTRY HRE
GEMREIC L 3 D% W, BEELHEDZ
BHIESRAT RICESW TR &h, $/FREETF
DR EIEEICIIBERAHOREIHE T2 w
BBz, BETFBWHIZY ATD0H 3HIK
DAYV ==V 7 2ENE LIZBRICOARTID
BERAITH B,

- BRI S EERE (HPAH)

Fifi Bl R Ak Bt 8 IR (PAR) I3 06 RT I BB I8
TLERIBREO R OFEARDERTH o7
B3, MEOYFHEWENTIR I & 5 FHERF OB
Hbdbh, L OMBHNLIBEENHERESNBIC
EoTw3, E{EM PAH(hereditary PAH :
HPAH) e 8T, BIEFEHIC LD HinE T
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FRZRBEESNHEICE, YVAIDOH3H
BADZ ) —=v 7 X 5 BHIBBEAN A DHE
CHELHEREPBURTE TS, HPAHD 70% L 1
T BMPR2 MZFDERDEE I LB H, 1EDIC
b ACVRLI, ENG, SMADY, CAVI1, KCNK3
PEEBEF L LTAEIN TS, Zhonil
EFERIC L 5 HPAH 139~ CH Rt R
Bick 2, ERERETH>THPELTLY
RFET B LB S T, /& 21 BUPR2 B5FE
Bt X 3 HPAH KB COBW TIZBERIZ 27%
KT ERD»o1Y, 1, SEBABICHET
3270, RERBEZWOBICIE, BEHITVEY Y
FEIZLY, BAAKI B AY v b EFRERDZ
BiDoTF2Yy Fa+oSHELUBREEE) A TfT
7.

& R BRI E 3R (HHT)

BB it 6 A i B B 5RAE (HHT) (& Osler-
Rendu-Weber 5% & b & i$H 2 H{ A EERE
HEREBT, ERB L UHEORMMEIRE, M-
% - BFie & 0 S HEBHEIREZ (AVM), Zhic
LaREMRZEEET Y, BEERETFLL
T ENG, ACVRL1, SMAD4 BEES N T3,
WEEDOT T, BERNZMERIC X YZIIN
7=BED 90% L LT ENG $ 5\ ACVRLI D
BEFERBAEI TR 2Y, BIGHEERY
90% M E L B, R E & ISR L
T BEHAEH D Z L6, FEETIIZH I
LwZ &b ihn, —5T, K- FiAVM
hf AVM T3 i PRI 4 & O EE LA HHE
EEZRITIEDDD, VAIDHBBERILE
WTIRAVM DAY —= v S Eh sk

b, A7 V==V TRAREOEND DI b FiF
FHIBI B METR2WIIERICH S,

- BDOI
BIEFRESMOESICE D, BEROBBICE
WTHMETFBHEIRDPT ZLDTERLHDIC
Bho0dH5b, Lc, EREZKPRIZHIC
B s EAEZEEO WD, ), BRABRICH
MET2HEE, ARRBRBREOLVWEREBIZB LT
i, RIEERIZWL 2286050, BEOBEGIK
BEBRBBETH S, WThict &, BEFRE
PIAOBICBBEDOAY Y b« FAY» Fizow
TR LIBT3 2 EBRUITH 5.
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Genetic counseling in cardiovascular genetic medicine

Hiroko Morisaki

[Eg&]
BRSFERICBITARERERILTE, w77V ERRE OFBI - - ¥VuRERE, £ERE
QT ERERE, SEAEHDESHEMELRE FA7—R) PRENTHS, Thoid, HiadsE
HREERELS20, KIERAOBZEIUZLIZMEL RS, i, ARHAPORARICEMOHEIC
Vol BREBEBRILELINLID, BIZEHI/E)7ICBWTD, RIRELOEBEREYRIS, 79477
MR BORELAETRIIB2ERALEREL, BFHVIEREOBI N RREESEL, 5
DAETFICHIHEICBDEA TOIT ALY R TVKIER K TH B,

¥-9—F: <77 7EHEE Marfan syndrome, MIFH T —F R - ¥ /O REEKHF vascular Ehlers-Danlos
syndrome, %X QT EREEMRE congenital long QT syndrome, @ {EH H fntE 4 M ¥ HERE
hereditary hemorrhagic telangiectasia (HHT)

EU®Ic
BRBERICBTIREBRBLELTE, w77
ERE, NBFBL—IF R - ¥FroAEERREDORTRE
HEHER QT ERERRL YOREEAEIR, #E
HH i EERNENEE (X X9 —K) 2LoERKEn
FHRRE, BAH / HERE.OHE, 777 —Fk
EOBEE BENMRENEBRL LTHITOoNS, Th
LOEBOS WHEREAEEREERZ L LD, B
POFAORENLITLITMEE 2 ), 8¥E HE- T
&k BRFICBRELT, BULBEITI L)V THRDL

BVHERBHFR LYy —FREFTEYEE - RRERR
=H

Department of Bioscience and Genetics, National Cerebral
and Cardiovascular Center Research Institute

% 26 42 8 A 20 R
PR 26 49 A 30 HEHE

N3, FL/ARBICIEBWEETH->TD, BEAHL
it L, —BABHERXRIET S EAFEICEDLSL L
I RERBIEL, BREOBEA» LIRS BTN
BB o ABEFESMVLEL SN, BEIY VLY
YTREBWTL, 25477 MR NTROEROES
LHEFBIBIT2EERLEHEL, RRLETHIN
REREOBOLNIREERELL) AT, 4H0OEEIC
MESICHDBATH ZLNTEREHIChBILE
BEE T3,

) LARACL, A\ TRESBETRMLLE
Bodds, BTy VEERE OEFHI-FX -
¥rouXiERE, QT ERERR, REEMANMEEMEM
FHRE (FRXT7—H) 2B LT, ThThoLiZ
LILEDEREIT Y VY TDESETEDLIOHE
T2,
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