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Left-Right Axis Determination of the Body and Heterotaxy Syndrome

Hiroyuki Yamagishi
Division of Pediatric Cardiology, Department of Pediatrics, Keio University School of Medicine, Tokyo, Japan

Congenital heart diseases (CHD) result from abnormal development of the cardiovascular system and usually
involve defects in specific steps or structural components of the developing heart and vessels. The determination
of left-right patterning of our body proceeds as following steps: 1) A number of motile cilia in the node rotate
and lead to the unidirectional leftward flow of extra-embryonic fluid in the node cavity, 2) This “Nodal Flow”
induces asymmetric expression of Nodal, a member of TGF-f superfamily, only on the left side of the embryo
that eventually activates the molecular pathway regulating the left-side specific morphogenesis. Disruption of
any of these steps may result in left-right patterning defects or heterotaxy syndrome in human. Discovery of
numerous factors involving the components of monocilia in the node and left side specific molecular pathway
has provided new insights into not only heterotaxy syndrome but also associated CHD.
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Molecular embryology for an understanding of the individual modular steps in cardiovascular development
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JEREZR 9 IRAE (EAL (situs solitus), /oAghSifidis L
TSR IR BB WL (situs inversus) &PESR. P
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FET N EPED AL, MNP ONEER D R FRIC
FET AR (right isomerism) WE SN, 2
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JEREIC & 5 DNT, MRl oA 70 L OFef &
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Table 1 1<%3 Y.
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3. NEERIEZRNIZZ 0T « O, AT OTERE, AHZOA I,

Table 1 Cardiovascular abnormalities in heterotaxy

BOMEE EIC K5, KM D Howell-Jolly /]
Tk CEPYEREE TR 6238 mAER%.

3. mEAE

D, AR IRRRCTEE S B AR O s
MO MEDEFRICKDRIET ZLEZAENS (T
RS 12 XD, FEAEREERICE T, Jido [T
T AR | DSIRD AN SR S A NSRBI
situs inversus 7%, WHNCFEBI T AU left isomerism 7%
WU polysplenia 7%, Wiffl] & &I FEBI L7z 1S right
isomerism 72\ U asplenia M2 5. #5lidas - fHEED
FEADMEEHRN T > 2 LML UTREERAD,  situs ambigu-
ous L EABNS. LUNDOLEAIREICHEE T 2 K1
DD, WIESHNHEMRERFOJEK & UTHS MR >
TE7z (Table2) .
1) cilia [CEAE T 2 EGEFORE

MEMEZ PR T 22 3— R 9 % —HOEE T
REDZEEZ, WREEHAAEMERE ORI 7 & U TIAE
ENTE. kBT ALK O ERFEELK

Right isomerism

Left isomerism

Interrupted inferior vena cava 0% 60-95%
Anomaly of superior vena cava 65% 60%
Total anomalous PV connections 20-50% 5%
Atrioventricular septal defect 70-100% 65-90%
“Single ventricle” 75% 40%
Pulmonary obstruction 50-90% 35%
Aortic obstruction 5% 25%
Double-outlet right ventricle 20-85% 20-30%
Complete heart block 0-4% 15-50%
Normal heart 0% 17%
Asplenia 75% 10%
Polysplenia 0% 45%
Major extracardiac anomaly 10% 10%
Table 2 Genetic causes of heterotaxy

Gene Prevalence Mode Function
ZIC3 ~1% in sporadic >75% in familial X-linked Zf transcription factor
NODAL 5-10% Autosomal dominant TGF-8 signal
CFC1 6-21% Autosomal dominant Nodal pathway
ACVR2B 2.4% Autosomal dominant Nodal pathway
FOXH1 Unknown Autosomal dominant Nodal pathway
LEFTY A 1.6% Autosomal dominant Nodal pathway
GDF1 2.1% Autosomal dominant Nodal pathway
SESNT <1% Autosomal dominant Nodal pathway
CRELD1 <1% Autosomal dominant EGF-like protein
NKY2.5 Unknown Autosomal dominant Transciption factor
DNAIT or DNAHS5 58% Autosomal dominant Dynein arm component
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100% Wi (i 7 & 729 inv/inv < 7 A Tl&, mono-
cilia DR EZE TH % Inversin DB {5 T2 BBV HEA
7% 10 NGO T > & It & o 5RE R~
7 A iv/iv Tl&, dynein %z 1— R 9 2851 Ird (eft-
right dynein) MWRKT 5. ZDH5HE, node D cilia
D5 AEHMHEAL, LEHHAND nodal flow HVE
Ui EAMOPENEEE NS 7. Kinesin
WS RUNE LB 2 iR Oz 5 ISR T B
E—2—EHAZI—RTZEETFKIF3BBDO ./ v 77
Y b AT, cilia NOEHAEDOERDEE T N
T cilia D IEFICIEK T NT, nodal flow BRUTL T
KA S Y RIS B eEZENS Y.

Kartagener JEf£REE, 1970 FRICHEE I Nz

1. PIIEGEAT (721 IEESAT)

2. 18RRI PESS, HER, SUESCHRRIE

3. AR RSB T)
Z3MIELTBIEGETHZ . T OIEREETI,
dynein heavy chainZ 3 — F 9 % $fa{k5p L D
DNAH5 BR%KT % T EDNHB MR-, 20
FER iv/iv 7 X L [AARIC nodal flow HHZ L, WK
NAT RIS B &3, WEEBREIC X 2180
W pes s SO B N2 K B B2 K29, §
bbb, SIALIC cilia DFERE L EHEOTE & D
DN F LNV TR E NIEASER, —REDOAVE
TNE D& 3IENEHT 2L M ENTZD
THs.

PN ek 85 A3 i A28 C PR AR IR D FBIE, A T oD fie
S, o K MERKEEHB) FERE S % (primary
ciliary dyskinesia: PCD) M%EtH1 4. Motile cilia D
B TFEEICKD, AEEENEER & PCD 2 FKC
FIET BRI BB L EZBND 2.

2) EIRSAF - BicFDOEE

FEAEERZ(R#ET 5 TGF-7 7 2V — D Ix
TFHREDAEMRBEORK E KD, BiEzFE L
T NODAL, ACVR2B, LEFTY2 Zx EA S M T H
Fo B XGHEPEMERGEHITIE, ZIC3 ZFOMHIRM
O X DICEREIR T L UCRHMARIRINEIEE L O
B T 2,

4. Bk
LURD 3 DOFEICH LT, WREW LARIIE
%, BIUOARHNER T 2175 .
L e R ORE ERO 1k Z 5 5.
2. IHLERLE ¢ S ORI S EE RS, HER
B CRHCENIMEED) O&HFNS 5.
3. YRR EYE MR R E & AR, EESERM A

BRI EGYE S O EEGSENA VAT TH S,
1) AReaE

GRtER T IbEEE R, HO=E - BULE, MifHik
B, MEAREASE - g, RMEHNIR ENES
U, MiiRRADEEERIC L 2F 7/ —E, KoL
fifi 5 > ML F WG 5 DA X O’
bh%. LEHMHETE, WOBENESESEHT 25
FHBRERE, REIRRREE, WASE - BBEEH
FERAZOEHNZ L, MmiEm « 5 > mik o
FHREH I OREDS. WINOMERTE, M
W UK ZBIIRE I KF T 2551 E, EEEN S
PGE1 F#yiiEic K 5 BIRE FTFEHLEZTTS .

2) ARIEEE

BRI, BB A g 20k - SRS
T, IRER - FEIARE S Tl (Glenn BUFARD, 7&
W UNGEIIREE ANBIC 04 2 Il Riei i K o, i
MifE 2 ISR D, AR EIC 20 BLLD SRR R
T, Fontan BIFAfIc X 2 ffT7EhAEH &2 HEE L L
TIHRBIS 2N C 5. —RIC, ARFHEOE S AR
R K O & REDEMT TR AR THD, 1) HiF)
IREASE - BEAEO AR, 2) KRR, MER
PASED AR, 3) thlESERUROBEN T2 4
5. Xz, 2 DDRHIREEMEIND D, LE%E
BHARIEICR L TR E R E L § 5605 5. I
A Tl OB BEDATRERREG S 20D, KB
B, FEEERTE SO, 3 X CIRARSHT - s
ROMBIEKIC X 2 TRIREAENR CHBSRER 2 RRE=ET
0w 7)) ISR LTR=AR=H =% T 5605
D, TNEOEMIZTHARTHS.

EbvYlc

MR DI &, B8 - Y OiRsz K
Z2EDTHY, SRMOIKEDORNH L T - f4
ERANDENEL UTHEIRNEZLDTHD. AHEL
STz &SI, DFEMFENE LT R
RO R OBEAHERQICK D, St TEEAR O
FER ) T GR—UNEZ AN, L,
COR=VESRABBMADRBICKD ESICEHE
MABN, HRERICHROAH IEDNTHNT L
MR EN%.

FZHER
AR DOV THIR S N Z RS R0,
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