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Early-onset Marfan Syndrome Caused by a Splicing Mutation of FBNI Exon 29:
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FBNI mutations causing severe and early-onset Marfan syndrome (MES) cluster in exons 24-32. Here, we report
the case of a male patient with early-onset MFS who was born with arachnodactyly, annuloaortic ectasia (AAE),
and aortic regurgitation (AR). At 4 years of age, he presented with progressive AAE and severe AR and was
referred to our hospital. He immediately underwent David procedure. The DNA sequencing of FBNI identified
a previously reported de novo mutation in the splicing donor site of intron 29 [IVS29+1G>A], and transcript
analyses revealed that this mutation had mediated an in-frame skipping of exon 29. Currently, the pathogenic
mechanisms underlying MFS are classified as dominant-negative effect or haploinsufficiency of FBN1. However,
splicing mutations can be associated with both mechanisms and require qualitative and quantitative analyses
of the gene products. The severe aortic phenotype in our case appeared to be affected by the “location” (FBN1
exon 29) and the “type” of mutation (splicing mutation).
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FBNI1 B{n 708 24-32 FHL 7V > DEFITEEN D FIAFAERID Marfan JEERZ £ 5 2 &H 20
TEMHBNTVAS. FEFNE 4 B, FrERIAK 0 gk, KEIIRFERILEIE (AAE), KBRS
WRE (AR) Z5 U, 4%KFIC AAE OFIHSMET & ARICHE D DAL Z R 12 728 Yt Marfan 44k
AT ERN, 4% 7 M ARRIC David FiZ i1 7S Nz, BIRZZIMTE T FBNI B{5 11T de novo DEER
Z55 [IVS29+1G>A] %380, WEHEVIORNIC K D AZRNA TS5 42 7 DRFEICEK % in-flame
DF29B/BLT Y VDORKEFRKT T L REETE L. IHE, Marfan JEMRREEDFIE X 71 = X L\id dominant
negative effect & haploinsuffciency O = DIC KA L TiE 5N TV B D, XTIV TR Z
HOBEHFIZOEELDERE LD 5 57, BInFrEMOEN « BIEFHEDALE L 725, ARER]
Tld, FBNIBIEZTOHE29 BTV VWS ERD iiE] OHXRET, ATIATVTHE NS
ZHO NEXY ¥/, TORIIKLEOEELICKELFELIzEEZ SN
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Marfan JEMREHICIE EIED DRI FIE S % —BED
Ho, TNSORETIE FBNIEE DO 24-32 F%H
DIV VCEREET BT ERZNTENMEN
TW3 Y. Fi, ABBIGEE TR E XK OMHED
ZLWEETNTWED, IEICE > TEOFRREMH
MHEADDH Y, KRINRHHZICEI L T3 haploinsuf-
ficiency EARD X T 542V THREIfES B THE
JEAL « BRI LTV E WS il A MANHRE &
N3 X351k ->7>Y. 4, FBNIEIETH 29 &L
DI VAT I THEREL, YIRIICERZ
KERFPERILEIRAE 22 U C RIS RHA T A 3 &
755 7z Marfan JEERED —FHNC DWW THREER L 7z 72 DR
HL, RERICHETZEFOMAZRE A TERT
5.

FER) : 4% 6 MABR

PIARZE : carvedilol 3.5mg, losartan 15mg

KE&RE | Marfan JEERFO KGR L

REE © H A IR ER IS D, D e &
HAREE T RBIIREST LR, KBRS PE (AR) &
fafi & N7z, Marfan SEMREEED RED N, A JilBi TE R
IS 7+ B —EN Tz 2% 10 7 ARFIC BIRTIC
FTENTBE O OEE S RE T, KBERA iR
50mm FREEICIEIR LT Wizh, ARIIBRETH - /-
728, carvedilol & losartan D NARZ BHUAE N, &
PNCIEREZ fel Tz, 4 5% 3 D HIRHC I 2 52861
AR OB X COMEREDIK N 28Tz, T ORBICHE
WAz R UTTcs, —RHIIHE - N TIEeRE %z
BUTD, FiROUEEICEV 2 TR L. &

Fig. 1 Echocadiogram and CT scan images

(a) Aortic valve and Valsalva sinus were dilated to 29mm (206%Normal) and 55mm (310%Normal) in diameter, respec-
tively (b) Severe aortic regurgitation flow (c) Dilated left ventricle (LVIDd 58 mm) (d), (e) Aortic root was dilated to 60 mm

without dissection
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¥, BNP DfiEild 2 % 10 2 HK 5D BNP 67 pg/mL 7
5, 4% 4, HKHCIE BNP 231 pg/mL X THERFAYIC
FRUTWE. DLEORGED 5GP ImEO L ED &
B EHEN, 4% 6 AR 4R Marfan Y431 H3
nnEnt.

BYFRE 5K 118cm (+3.55D), {AH 17kg (+0.2SD),
DIHEL 109bpm,  IfiF 87/39 mmHg, %5 e A
J£100% (BN, WIREBAM T, k-, wFE
OWERIRTE, THEHINEW E TR & - 7z Marfan JEfi%
BRI 2 B AR R 258D T MR ¥, B
— 1% -1, WAz s 3 2 IR =
HEHC U7z, MESSAPRE AR L. POEiEs L. IRRRS SR
T/KMARTRFIFZE L.

BREMRR | 4B RO MkME TlX, BNP 211pg/
mL & FRZRD B LSNCIZInE, Eb, BEREC
BEZRDEN > Tz W X FEETIE, DR
63% TH 4 SO KRNBEE TH o7z, 12 FE0E
M TlE, EREMEKFTRIBIC V4-V6 IR T P28
B, DEFOREN RS E N, DIEE R Tk
EH RN (LVIDd) 58mm EHEEL, fERERH
7 (LVEF) 40% &KX FLTWie. X7, Kk
Tl 29mm (206%Normal), Valsalva il £ 55mm
(310%Normal, Z value=15) W3 NE&FHIHLE
LTHD, HED AR ZRHTz (Fig. 1(@~(). &
B, HEEFRICOW LR O RIE7% <, BEOMIR
ZRDBDHTH-Te. KBty CT Tl RERELS
HOWREE 60mm &ILEZ RO, KRG T
TTREIRIC G IER G 2R <, KENRMEE DT R &3 7%
Motz (Fig. 1(d) (e)).

45T Ghent FEHEICHR S LA DYE, KENRAEHRHKZE
DIFAE & BRI B Marfan JEREE & 2 L 7z.
AJERNG RBENIRIEAS LD 50mm ZHZ, A O Tl
WIS B W7z I HEH R KEIRILRE 258 7213 h, ARIC
KB FEDPGHREEDIE F &> T izzed, FHIFMD
HE LWL LTz,

4 7% 7 M AR S BULES R C David Fif (A K
BRFAIRGE T ZhEfT Lz, ¥, PR Tk
BRFOMIEIZ R, FOBEIEES Eho T ffi
BODNEERE IS Tld AR OEEDER S Nz
LVEF 30%F2E D B GHRREDK FAELEL, LEH
FROZF ST 2 - 72, BRSNS O A N> b
MHELTAlRett 228 LT, g 11 HHISOm Y
Y F AT U by, FEEES RO RE I 2 /R S %

FiRERS M-z, D, EBIHHEDK T
DFERIE, WRTORMICHTS ARICK > THEUKNE
MOARBICHZ LD LKL, LARREz®mEd
575t LTz, fite & O L T 7z milrinone D#%
FRIRAIFL 5N A T, losartan 15mg/day O MRz Ff
BAL, IMEDOZEENCARE L DD carvedilol DNARZ il
B U7z, DUREIE BNP QX T3 & U LVIDd Ok k7
% 2 78, milrinone k% 17 L, carvedilol &
BAIIIC 5mg/day (0.29mg/kg/day) F CHiE L THli
%63 HHICIBR L7z, BIfElfri2 2 £ E L, K¥)
IRAICBI L TIEEEED AR Zi8D B DA TH 5D,
DAREIEDWTIE LVEF 40%, LVIDd 51 mm, BNP
100 pg/mL FEI% TiRFigh ST TRV E D D5 [ E i
ZIREDRETIRERICH O, TEWIR S Km e 2 kit
LTWa.

ABEHCAT O NTASERID Sanger 1£1C K 2 8Lk
HrCld, FBNLEImFICBERAS [IVS29+1G>A] %
Wz, =/ THBICIZRDIRDSNT, de novo
DEFEHW L (Fig 2(). HWTALERDZE
R R z2RET 5721, AEH D FBNI B AL T
O cDNA Ofi i %47 > 7z. £ 3, RNeasy Mini Kit
(Quiagen, Hilden, Germany) % W\ TASER| & Z D
O FIMER 5 total RNA Zz it U, i U 7z
Y17z & £ 1T random hexamers 35 & U SuperScript 111
Reverse Transcriptase (Invitrogen, Waltham, MA) 7%
FAOCT—AE cDNA ZfE LTz, BT, 5528 &L
IV EHE30FELY Y VICHET B ESNCHIR LTz
74 —%H\T cDNA @ PCR %#f7-> 7. PCR
YIOBZ AL TIE, wild type IC—3T % 287bp DN
Y FDED, BFRICOAE ST 164bp DNV R
MtE Nz (Fig. 2(b)). wf%IC, HIEL 7z cDNA
Wik 7% direct sequencing I & D Fl¥IIfiEtt Liz & T 5,
123bp ICHH% 9 % in-frame D 29 FIL 7V DRE
(exon skipping mutation) MWMifEREE N7z (Fig. 2(c)).
NS DR S, KERDAT A4V THEIC
KO TFBNI G TR 29FBL Y Y DRRKERLT
W5 C L&ZEH LTz,

z £

Marfan JEMEEE I3 2 H O GHMBEEZ 2T 5
BIGMEREETH O, fibrillin-1 X287 %3— K3 5%
FBNI BIEFHEREE & LTRESN TS Y,
AP FBNI &5 7 OZERDOERIC K - TN
BRI H, FOHTEEEN DFIHICTIET %5 —
BEDNHISNTED, FHAFRER Marfan R HT2E
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(a)

IVS29+1G>A

this case

father
mother ‘
TGACCVAGAGATCATGCACCGGTGAGTAGGTT\CTAG
(b) Exon 29| Intron 29
wild
—1{27]28}29130 31 }— Primers:
> < primer Ex28Fw
ccgttgegtgaacctcatag
Mutant
27428430 |31 }—— Ex30Rv
acaagcacctgtactctcca
=>» & del Exon 29
this case father mother
287
164 ==
Exon 28 Exon 29 Exon 30

GCTATTTTGTGT TGRACAT TG ATGA ATGC CATGCACCG 'CGATGAGTGT
—_— e e PRSI AN IS s
lew Phe Cys Val lAsp lle Asp Gl Cys Arg Ser Cys  Thr  lAsp lle* Asp Glut Cyst

Exon 28 Exon 30,

A il

GCTATTTTGTGTTGIACAT CGATGAGTGT

Leu Phe Cys Val Asp  lle* Asp Glu*  Cys*

Fig. 2 Genetic findings

(a) FBNT genome analysis shows a de novo mutation: a heterozygous single-based substitution in the splicing donor
site of intron 29 [IVS29+1G>A] in the patient, but not in his parents. (b) Splice analysis of exon 29. [upper panel] PCR
primers (arrows) are designed for the splice analysis of exon 29. [lower panel] Each band means cDNA fragments con-
taining exons 28-30 from white blood cells of the patient (lane 1) and his parents (lane 2, 3). Lanes 2 and 3 show a
single band corresponding to the wild-type cDNA fragments of 287-bp, while lane 1 shows the other dark band corre-
sponding to the mutant cDNA fragments of 164-bp. The doublet bands indicate the presence of the splicing mutation.
(c) Direct cDNA sequencing of wild-type (top) and mutant (bottom) fragments in the patient reveals a 123-bp deletion
corresponding to exon 29.
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I Marfan JEfERER & EMEEN, —RICTFHRARREE
LTKAIENS. &5 LIz—BETld FBN1 EE 1D
9#524-32 %L 7YV 2 (“neonatal region”) (DZIHE L 5f
WHBER B BT EMMSNTED MY, &<, TD
neonatal region NDZ ¥ KB/ Z D HFELD YV
AV T 70 R2—ThHsT EMEFILEHENE KD
ICikote b9,

ASERNS S EAD B Z R KBRS Pl O LR 2 78
O, FHEFEER Marfan SEMRREOR G2 2 Lz, &
{ZFfENT T3 FBNI BIZFDA Y bR Y29 DAT S
A A RF—PA M de novo DERZFEDT=. AER
& Maeda 5 O B AFEAETY Marfan JEZEE D ER] TRE
ICHEENTHED 7, FH2F/RLY Y Y OREENRT
AT IGATVTHETHB T EHRERINTVEH,
RIRKICIEGFEDE U X2 T ORFIFHERENT
Wik otz SEIOHE Tld cDNA @ PCR 35 X Ul
Hfgtrznz % 2 &, AZFICKD FBNI EinTD
W2OW/TY Y INRIT B T EMNERICEEHE N,
neonatal region O &7 YRR DIATER D HSE LI TR
CHEELTWE0 TN,

2010 #£1C Ghent FEEDNNGET S N CHEIZFREDNZ
WIEHO—DIBIMEN, ZTOEEIPEEMHIND X
Sk 7Y, FRUSHE, FBNI MG T OZEROM
HRBE MO —&Z7- £ > THY, genotype-phe-
notype correlations .2 U\ & N2 AL DR
HERICOVWTEMHENEARADDHS. TET LR
HICIE, RRETS50%REZ HDHB I ALV A%
¥ (missense mutation) DOZEH)7% & L1 [dominant
negative effect (GRMIFHENR) | AARED FEZ#E
BAPANZ AL EEN, BRI N7 PIERR 2
VRTDEE LHEERIAET S EZ b N TER .
UL LZ D%, FBNIEIFOZRERE L T30%
BEZ 5%, Frtr A% (nonsense mutation)
7L —LY 7 ER (frame shift mutation) % &
% 7z “premature termination codon (PTC)” % % 5
KBTI, ZEBETFOEEEYIE NMD (non-
sense mediated decay) DHEHGIC XKD DTN, FEE
@ microfibril DIE I IEEID B RV T & AMGEIHE N
7219 D% b, Marfan SERREOEEHRFIEZ D 5
DIF, BRMZ IR DIFECHBDTIFEL, EH
B2 287 ORITHAFS % &5 Thaploinsufficiency
ONTBARR) ] DAAZZALEFREEINE X SIS
e T DX S RREAEE 2 TRIETIE, Mar-
fan SEMRREDOZEIL UL, S ALV AZRERLET
% dominant negative effect (DN) #UZ ¥ & PTC A
2 ¥z W0 & 9 % haploinsufficiency (HD 128 ¥D

COIRDITRESN TS Y. WIEEICDOVTE,
CTNE T HIHZARIE DN BIZ R X 0 & i /xR
M%<, Ghent HEZGZE RV EDONZNEEINT
E O, EETIRE LA HIBZ R T & BRI
£, LLICKBIIRFZ O EERE & OREA RN &5
G EINB LS ICE->T .

—F, AT SA Y TEREIHES £ 5 (splicing
mutation) (&, FBNI R TDZEHED 10~20% 2 &
ke, TOEFETIE, in-frame H out-of-frame H
TEIZTFFEYIOZRENZT % 72— DN BI%8
B HI ML RN EHTSZ T LI TE RN 1,
& {UEATEH TERY 5 N /2 in-frame exon skipping
mutation IZ FR 411X — % Y IC DN 2 o> 28 B 1T 77
FENnTws ™. DNAIZ R HI A RIC AT
mild A XBAZ LT 2 LBV ETEEFEOHR
ICHEDUF 1S in-frame exon skipping mutation O FjiE
EHEZNUEEEL BTNV ENTHRENSD, EBICE
neonatal region UHDIT VY VDRI TH> TEH
A W Marfan JiE {2 BE SO BE Marfan JE L DfNEZ &
BREBIMN LIS TRHENTHE D 419 in-frame
exon skipping mutation HiAZEIELD Y X7 T 7 &
Z—LIMELHB W, Fiz, @H D DN R
TR 2 ST FIER B 2 2N 7 LIRS REAFE
TR TTHEN, BEMEZ 8T OERPERICHK
94" % in-frame exon skipping mutation DJEf D
&0 ', dominant negative effect Il T3
WODIENT—ABFET B, TDXIICATITAY
VBB ESI BB TIEI AV AE R PTC HIZE
BB R U TOS AN D B0, JEF]
BRSNS 7DZEDOLRFUIIHS M EZ>THEST,
JEBIZ LI RBRICER S N TV BHEEFEYD 2 28T
DN 7Z1T S T & TIREBIRIFEMED X /1 = X Lz %
TENLEENS.

T TC, NEFIOBIZZIMRITICIK S &, FBNI #
{5 D PCR EVIOESGHETIE, 1EH 7 VIVHEKRD
cDNA DIEMIC, ZFR7 V)VHKRD cDNA D/ Y R
ERMHENTED, EFEREZ 2 S7ITA TARI X
UNNTEEGRENTWVWAE T DI ZA B0, it
LD L FAARIC DN HOZERE AN EEINS.
LW L—J7T, IEEA cDNA O/ RICHEANTE R
B cDNA O3 FIZH S ML, HEICAERE N
A8 R ST IZIER R 2 VR 7T RN THEIC
YiRNT ENTHINS. CORKELT, SO
ZBEINAES THID A TS A > > JHidk (cryptic splice
site) WEN, FPREBEEZRATISAVTRKL
TWVWAHREMEIC DWW T E MG L72h, bbb
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Table 1 Recommendations of surgical timing for patients with Marfan syndrome

adults

children this case

Ao root diameter>45mm
Ao root diameter=40 mm if:
i. past history of Ao dissection
ii. family history of Ao dissection
iii. women contemplating pregnancy
(Japanese Circulation Society)??

@ Ao root diameter=200% normal (Hannover Medical School)'® Ao root diameter 55mm
@ Ao root diameter Z value=5 (German Heart Centre)'?
(3 the same as adults (Johns Hopkins Hospital

310% normal

)20 Z value=15

The patient’s aneurysm satisfied all the criteria for adults and children.

7= #ipH Tl cryptic splice site DR & 720 5 2 El5]
ZHWET I LIETE A>T, X7z, out-of-frame
® exon skipping mutation T & 111E NMD O # 4%
KO EFGRIR T OIF D IRENS T L3R5 N
TW3M?, in-frame exon skipping mutation T& %
5 LIZBIRMWNEE 5 20DV TIFENTHEL, #
RE U THREOMES TIEZE A cDNA 2 U 7o i
P ffid I3 ES ATz, L L, SEOEE
RIFERNZFMZ HINE L2t DO TIRIRW T DAL
DEFHATULNENRSE T L@ TELRVICLTE, AE
BICIRIR LSRR M2 TR 21 EZZFI 52 2 7R 7 IR
ENTOVRVAREMEND D, BULAIEHMZ 87D
=Mk U7z T &1 K % haploinsufficiency DB 5-HY
METEA. HIMZRIZ FARO &30 KR 2
DEFELE OBEAERI S NTH O, AREFIOXTIY
IER LTCAREEE B A 5N 5. SO 2 > T
in-frame exon skipping mutation & haploinsufficiency
ZREDT 2 DR TH 2D, FidorBsH XTS5
ATV TEFEI S ZBROEFNOWTIIMKIRE LT
NN Z <, SBRBETTXERETH 5. VT
NUCE K, AREFID FHAD 5 5 O KRB RIEZE 2 FEiE
L7z I3, neonatal region & W5 ZZ5 D T |
ICHA T, in-frame exon skipping mutation &9 %%
"o M) EXREELDV AT T 7 72— LT
i o7zoTcdmnh EHEIIENS. TOXSIC Mar-
fan SEMRBE O KB DZARPEICIE, FBNI E{G T D%
o i) & BR) Om&E»ERKRLTED 2,
& SITEIGFEVOEN « BINENT 2 A AE
LT3 Y. 20k, AREOHERAZES
ICEDB S A TR, L FERORTOREET, #
GFPEVOHER - BNEEHTEb RE L E> Tl BT L
WY ENZDN, UM TIE XTS5 L
POMEME L AL, SRIEHZ BRI DL
HTH%.

BN AE B O FA3E S I DUV TRz W. Mar-
fan JiE 5 FEICEC K 9™ 2 KBRS dim LR AE IS L T,

BRNRBRSBFEME F£34E ¥25

ZINVELHR 0D K T i S 508 e 450 D 3 i 1 DU T AT 7%
a2 Y ZABESNTWVARLY. Hannover Medical
School ® Ono 5 DE T, KEIRILLEEED 200%
Normal Z# % 25 67% Fif#Ess LT ¥, HL
RV @ German Heart Centre Munich @ Lange 513
KENRELERZRD Z value B 5 B Z 235677 FinEG
ELUTIRELTWS . —5T, 12 HAkioD Marfan
JEMERE T REIIROILIENEA THFEET 2 < LI13IE
WICENTH O, KEIRIEEIED Z value 2 FlnEE e
DIEICT 2R0EEHEVEVIEAEHS. 5L
F2fish 5, Johns Hopkins Hospital @ Patel 5 U,
INRTH > TERADFMEINICHET 5 LD a1
ICIL-> T3 2, i, RIREHRZEIRT 2841
&, KBRS OBIEDHE TS BRI TFMZTT 5 BN
HD, AR OHETENFHEICZIRD B —DDIEEL
5% V. AEFNCE LTI, OV NOfERo Tl
TS B i 72 T RENRIEERIR DR Z 78 (Table 1),
@ AR ORI RHEI T2 PR, QUDIREEDAK 723k
LTW3, L0385 RIFRO#MEEEZ S
Nz, &k, REFIIMHZE OFEREOTAELEL,
Eicbiz5 AR BMEIELAZZIBW L HIlE Nz
W, X0 BHONFRIN AW T2 6% L Z 72T BE]
tdH5. L, RO KEINRE S E T O &
RUTZ <7<, EMNETREZHENT2ICIEE 5k
BIEFIOBEENLEENS.

s B

G RIS ERILRIEZ £ L, ARICPES DA%
o felzth, 4 RIS David FiliZ217 > 72 FHIFIE
T Marfan JEMEREO — 72 #8858 LTz, BRZENRERT
FBNIEn TIC B R [IVS29+1G>A] ZiEo,
ALRWAT T4 22 T ORFICEOH 29 FLY Y
YDRRICDENS T Lzt Uiz, AJERDFKE
BIDEJELICIS neonatal region DR THZ T L L
in-frame exon skipping mutation Td % C & DliE M
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G LcEEZ BN, ARBOREMINITEL 12
HOMEDHEST, TOBELTHEYOEN - &Nk
Al S 2 & T3 B ATREMEAVRIR E LTz

FEAR
ARFITDNT, BRI NEFREHR (COD E&R0.
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