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Syndromic Hirschsprung's disease and its mode of inheritance
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Abstract: Hirschsprung's disease (HSCR) is one of the major causes of chronic incomplete intestinal obstruction
in children. HSCR is considered a type of neurocristopathy caused by no colonization of ganglion cells on some parts of
the bowel wall due to abnormal termination of the migration of vagal neural cells during embryonic development. This
disease can be classified into different types according to the length of the affected intestinal canal. Most HSCR patients
present with single deformity, but some HSCR patients are affected by other deformities, which constitutes syndromic
HSCR, such as congenital central hypoventilation syndrome, Fryns syndrome, and cartilage-hair hypoplasia syndrome.
Most syndromes have abnormal genetic material. An adequate knowledge of syndromic HSCR is of vital importance for
accurate diagnosis and prognostic evaluation. This article reviews the clinical manifestations, genetic basis, and genetic

modes of different types of syndromic HSCR.

[Chin J Contemp Pediatr, 2018, 20(5): 428-432]

Key words: Syndromic Hirschsprung’s disease; Clinical manifestation; Mode of inheritance; Child

S RMEE S (Hirschsprung's disease, HSCR )
MBRAGRAE N Top 2815 e, 2 S BULE M
FARBLA5E 4= I BB B ULAMRLEG , g
1/2000~5000, FEAG 5~12 JE B, A EM&E RS
FIAMNIREF I AT (nerual crest cell, NCC) i
BEITRS S 20k, S EGHO3 I BE JILIR] B 28 AR
JBET A 2 AT A L B AN . AN BE A A R0
g, TR WRmEEE, 2 R s,
RTS8 KM B 45 1 S il 22 0 s 1 — A 12,
NCC 2 ¥ F I G + 40 MY (embryonic stem cell,
ESC) o TR SOV 2505 0 B 26T

[ Wik HIH ] 2017-12-01; [ #3Z H I | 2018-03-06
[ &I ] skdn, 4o, Simrsed:.

FBL, B ESC BRI HSCR Z 2R, £
HAERRM L, KIESHE, HRiESZE T
#Ai (induced pluripotent steam cells, iPSC ) ARG
J7 HSCR WA WFFT# A P A WF58 38 i 401 HSCR
&L PTSNTR HYER PR 22T 04, B p 2
U~ 40 Jf0 8 i A 40 i 7E HSCR BB LI (19 43 A 1
B, 9L HSCR L A AR AR SR (KA .
JoRAE B 45 B K A W . A0 Rl e 22 S5
PRSI, 2RO BRI, 5%~20% R I %
TG, JEH o BB A B I R 1 3 s 1)
B AIE 251 (long-segment, L-HSCR ) Fl1 2 K 43

428 -



%5204 55 5 W
2018 4F- 5 H

b E %A ILA R E

Chin J Contemp Pediatr

Vol.20 No.5
May 2018

g E 45 (total colonic ananglionosis,
TCA) ™%, SERMELMIE TZHNES HRIE
B Al HE R E S5, BAX 30% Ry kS
st A e, Hui kM MEEN 5w 5B
KA, VA RET B A 7 0 5 S5 R B 45
MCHEM B S 8L, 3T 50% 1 G FN 39%~7%
9 1% P HSCR 2l RET 4 A 5 48 i 5 12,
RET 2 [R] 25 fith 1) s 2 P D I 52 AR 32 0K T AL 458 i
ZIOCTEN I Z M 20, TEf s n 1L
BAH . IR R R AR

ZRC RN B L5 o B R WY, 5%~32% 1
SR MEE L ik & AW, 2R A H A
R R E SR RGO, AR G R B 45 i 25
AAESLE GRS REE S5 . A e Ay
-5 E 45 B iR Y& HFAEA Down's ZRE I JEIE
MATEHE . Wt AIE . fha At . v
AR A

TR 56 KA B 45 1 A S 255 AR A e PR 3 R
FIEORHEN Kis i 77 Ait— ik o

1 5MZIEEFEXHNELBEEIE

5P IR A Y EL 45 W 25 B AR LA 2 Y
% K& W 47 W% ( multiple neuroendocrine neoplasia
type 2, MEN2 ) . Mowat-Wilson Z% & fF ( Mowat-
Wilson syndrome, MWS ) | Waardenburg 25 & 1iF
4 1 ( Waardenburg syndrome, WS4 ) | % & £ H
R ERIN: - R TR ey
FD) | Fryns Z& & fE. 26 KR K A R 43

4 1E (congenital central hypoventilation syndrome,

CCHS ) ™" 4
1.1 2B KNS E

MEN2 J& — 2 s Mg 2R Gk, e ge
R PR, R HRIREERE . Bk PR HR
55 MR T RE TUE R WG S 20 LR SR RER, W A I
RE ST 1982 4E Verdy 25 7 5 R E — 4
HSCR. MEN2 I A MZK &, HIL, ATAREEX
PR 95 I & B XUBS: IR PR, MEN2 J2& i RET 2
WA SR, Z80EH T RET #K 5 %61
() —AN R T B B e, S 80k M R ik S 1
AR TSI 2B 6 . MEN2A 55 %M HUIR IR
WEAES (FMTC) KM, fEAE RET £ [H % ¥

it (familial dysautonomia,

609, 611, 618 5 620 Z5 {7 5 RAZ M B E X HRA
HSCR. MEN2B fRZ>43F HSCR, BRI E W
ERCER PR TR . BB . MTC. W8 5% 41 i
JESE, 90% M T RET JEKZ4E (Met918Thr ) FITEL,
Z R A LI R B AR, A
P15 MEN2B 5% HSCR™,

1.2 Mowat-Wilson &£ & 1E

MWS T~ 1998 4F 1 Mowat 25 3 YRR 8, 5
W22, I RRE ARG/ NSRRI | v 22 J A i |
HSCR. Yok 2q22-q23 RAF DS, Hid 40% A
HHIEHSCR", ZEB2 FEHRAZ SRR R R %],
IZIERTE G & B o A bl o 75 1 R [B) e g
iz 52 B, Hii MWS BILHE# &)
OIS . WAPRAEFE . T RS B EILA R
i K M, ZEB2 X T HAISEN R E R
KEEL, FIL MWS JLT-FrA I RAE R 35 5 pp 42
ISR 5T . R A LB A e . MWS 1Y
L SO H Y O R B R, FEAE SRR - R
25, M= AR RIS W T
1.3 Waardenburg ZZ &1 4 &

WS J&—Fh 2 UL AR el e, BN B
ZVEHR, IR EAM AR, GRS =5 (F
1) S 00 R B R 2R IR TR Y PR 5 R AT
SR . IR ARIECERBR WS Xk
4EAY, 5 JF HSCR 2 WS4 A, \UFRSA Shah-
Waardenburg Z¢ 5 fik. WS B SHE 5 BitE, HAET
&I SOX10. EDN3 Fl EDNRB [ 5 WS4 S 2%
B, ZEgid U P, SOX10 H A K EDNRB % A
S5 NIRIREMH A RGN LT . BV L ws4
BRI AT RS SOX10 5K %, st fL o =Xk g
o4 Sk B 4%, 1 EDN3 1 EDNRB 5 21 1) WS4
A B Y R R AE 1, SOX10 FE K 7E iR
JiG % W1 e IR T I A A, o 22 0 R U
MR & F HA EEREEEN, HRR TR
SEUE AN, DRRFEE. BOAEaE. B
P27 A0 55— R AN M IR TR R B S o
280 WS4 1) SOX10 2878 J Aot | 4 L5878
o 2R R AR A, PRI 8 D RE SR
FORAFSE " L, SOX10 1y F i 1t ] &
WS4 A, SOX10 2742 B LA A e 7 h i ph 28 &
Gz BRI, AR . PR IR A TR 2 A JE R
2 1) M R A 2 1

429 -



F20EHE S
2018 4F- 5 H

b E %A ILA R E

Chin J Contemp Pediatr

Vol.20 No.5
May 2018

BEl1 Waardenburg LA EEERIE R

1.4 RikEBFHARINEEERLSESE

FD 25 & 1E 85 % Riley-Day 25 & HE J& — Fh it {4
PR A H ER LR AS, JEH T IKBKAP ( 3K
ELP1 )3 PR 5848 S 80U 1 Y AR B kst A Mgy
FERUCAMZTOR B 50 MOl 208, 60%
HIEE B SEH M, FD BRE A R G b
2 AR 2T B AIE Y, EB 4> HSCR BB
L2 kG E) T IKBKAP K 1928748 . Cohen-
Kupiec 45 P04 A H2 BH9 40 1) TKBKAP 3[4 fif
Fr, ZILRET ZEHFFIE T, TAH IKBKAP 7] fig
Wit RET AT 2 25 L T o Cheng 2
KL, IKBKAP F [ 2 2k 94 BH Wr 1) B 5 £ 1) Ji )1
i ENS fRes ALk . pae oo iR, 5 A
J% HSCR (s B 80— 3%, 1 H PHOX2B & 5 il
RET SR RIA B T, FD RRAEPESRE R IR T8 b
ZIu M A E A IuryDiRee ok, FIN A 0 R
FEGEWAR, DA A S AL IR
M, O3t B BRIEBEAE, X Stk 2 fy L
A S TR, FD R WLRERR th R AE
{EAS S 2 YT Wb i £ REAF TG 21 30 % Ae Ay P
FD M AR RFAMNRRZ, s Bk &
LA A R O A 2 200 e T A R A T R R
B, ZHCRE AN N R P,
1.5 Fryns &&1E

Fryns 5 A E S — R0 WA e R bk (L
i, 5 PIGN B:PH 5 A ¢, S KRR AL HE

PAR g7 O (1) IR AL IR . R T
55D 5 (2) FppRim A (Tl B PoRLRE . HRBESE |

SRR, KA, WRE., BAEEREA
R ikiER EERHEE D M) 5 (3) RABdA
KEAR CUHg WA g8 ) 5 (4) BiREA
K (5) DIFRIMEDL—F: FokidZ ., Ml
TR/ B/ NIRER |, B AIRTE | O L R |
HREAR. BT, BinEmt (B4

HETTHIBE. Wlehe A RAE) | SMEFIARBIE S
AHSETE 1 Bl RIZ W Fryns Z8 G ERY B &

B 1q41-q42.12 kit SMb G M
1.6 EXRMEFBEBEBSTIRESE

CCHS J2— B0 5= UL i 5 e (0 R i Pk it A5 P
Wi, BT A EMSRHTIRESE, AR
A AE L P PR 3 3R R Ay B B CER A il g
SRR PR, A T RR AR R AT
AR, LR R L R H A T
WML, CCHS & 3 5 5 KM B 45 I A pp 22 0
RV 1 T e AN b 25 R 20 LR . PR 2R A LR L bR
ZET TR AR R AR, B A R B R U 1) —
Fl 1, CCHS &R T BB . DR SH
T . IR S AR, B JF HSCR AR
Jy Haddad ZE-&1F ", PHOX2B %& A (Y i Pk 28 25 2
CCHS 5 WAL 25 . PHOX2B RS A9/
ST BGE A% 7R T 3 B Ry 4 i BB 1) TG 267 400 it
$it P, 24 CCHS 5 7778 PHOX2B LA 55 =4
SN F polyA JFANL BEY 4, —LEE polyA HE ¥
B 578 H g e R B R 2 Y, PHOX2B 2 [H 28
ASREAR T HFG 0GP, RET EH LR M, F
B KRR

2 HMEZHBEXESIE

Fofl B 45 A G R 2 B — S e ik
Fabbst MR 6 AE (BR L1 ZR G 1050 ) 7,
2.1 Smith-Lemli-Opitz &£ & 1E

Smith-Lemli-Opitz 2% & fiE ( Smith-Lemli-Opitz
syndrom, SLOS ) J& 7- i Z I [# B (7-DHC ) if 5
il ik = 3 2 7-DHC T 55 b H [ 1 [ AR %) — Ff 5l
RAEACHE LN, I 4 65 7-DHC 320 J5 il 11 2 [H
DHCR7 5878 Fr 8 # Y (O R R Mg (e B, 3R
PR T AT TR . N EIRE S R AL
JIE . SBARIRE | IETT AR I A0S iR D AE
AL P 169%~26% (1) SLOS A HSCR,
e L2 B U F AR ™. HHT SLOS F %
AR ST 7 15 2 10 R LT s, by otk 5 o 11 i JIE
[ AR 98 22 B A 1T Ry BN IR P
22 BB -ERREARGAIE

BB -BREEBEABLZESIE ( Cartilage-hair
hypoplasia, CHH ) & —FP =% UL i e (R B R st A%
M, F 1964 4 McKusik B k4RiE ™', CHH
FRAEVER N TR KB ARMEBRKEA

430~



F20EHE S
2018 4F- 5 H

b E %A ILA R E

Chin J Contemp Pediatr

Vol.20 No.5
May 2018

RAE, Bl ISR/ NIER LT A4S (T
Pt . R RSZIR . RN E . RS |
PRAE RO PEDT I . S B . JRRAE ML . B RN
R RESE. ERKEATFRESG. EhERIE (&
5 HSCR, &M, AT THA %) % ™. CHH
BEAERK K TR EETEER L EETEN) .
CHH % HSCR B RN T%~9% , Wit ™ &
% HSCR XU ™ CHH Fiop Sk 2 9p12
(4 RMRP :[H, J& 4ot b 6 57 M5 A R i n 1
() RNA 7 3% 19
2.3 Bardet-Biedl Z&2&1E
Bardet-Biedl 2% & fiF ( Bardet-Biedl syndrome,
BBS ) 2 A 4t R fik 1 19 S LR 21 B R 45 A8 0/
ECINREBR G U, HA PR AR A L R
Zig . AR FEAG . WIRAH ARG KB 595 F
FROEPERBL, DL A5 R . s 2 14 5
AT IR BN 12 R R R AR BBS %,
HAAAE U] SR A — RARIAR e, Has (e =k
WYL R R L 1 BBS 8 T R 20 A
MW ER I a4 R 5 kT, UiB BBS Af
% HSCR™,
2.4 Goldberg-Shprintzen LR & 1E

Goldberg F1 Shprintzen 25T 1981 4F 1 IR RIE T
PIIE 25 G It Bkt . /NRIRTE | HREFE 8
TR EE , /144 4 Goldberg-Shprintzen ZEA1E ™,
10q22.1 G ik b IR s A 25 & PR R s S
Goldberg-Shprintzen Z54 fIE 2 YIAAOC, 1 HE P Zii i
LI AR P 3 Wl S Re s A I I R EZDIN & =4
WzhJy, iz & M goooiae S, K
ST L BNk SR NS Y
2.5 1 BMZT4RER

1 B $ 28 2F 4t 952 %% ( nurofibromatosis type 1,
NF1) J&—R i MR 20672, w1 st
&, RN HTIRERREAT | 4B B2 IR ACAE N EBE |
EGRGE . B RS EE DL e R 2 40 . PR 28
Fie A, 15 1 2 Bk WLIR) f 28 A K 1) i o 22
TLRB AR RYEE S ™, NF1LEFEAER
P 25 i D6 3K [ GDNF Al A E 35, i b
g ] 2 g B
2.6 L14GZ&E1E

L1 ZRAME 2 H L1 4 RG34 43 2 R 58 A8
H ML IR S H M E R AT, RCAE )

RN BRUK . RN . R . DRARIA
KBRS AR LT 555, s h
X iR L ) L1 AR PR R E 4
HSCR AI 4 X- ESURAUK 7,

g LAk, e RMEE S5 RS HAb e K
W ARE & A, HeBl R s 30%, KW TS 42 B
TR LA IR AR X LR R E R T
ARINISE T KoNE B 25 1 (9 IE# 2 W7 . U5 1EA
HAEEZL,

(& % x #t]
[1]  Bahrami A, Joodi M, Moetamani-Ahmadi M, et al. Genetic
background of Hirschsprung disease: A bridge between basic
science and clinical application[J]. J Cell Biochem, 2018,
119(1): 28-33.
[2]  Amiel J, Lyonnet S. Hirschsprung disease, associated
syndromes, and genetics: a review[J]. J Med Genet, 2001,
38(11): 729-739.
R, XNTk L iPSC BRI RIRYT B S AT I i sk &
o FHTTSG ()] A/ N LAMBEARE | 2013, 34(11): 862-865.
WO, BORE, m, AF L e RMEF 25 L p75SNTR feis
FHPEIA 2T 25 S AR RITSE (1], R/ N LANRL R | 2014,
35(12): 956-958.

Friedmacher F, Puri P. Classification and diagnostic criteria of

(3]

(4]

(5]
variants of Hirschsprung's disease[J]. Pediatr Surg Int, 2013,
29(9): 855-872.

[6] Nakamura H, Henderson D, Puri P. A meta-analysis of clinical

outcome of intestinal transplantation in patients with total

intestinal aganglionosis[J]. Pediatr Surg Int, 2017, 33(4): 1-5.

Verdy M, Weber AM, Roy CC, et al. Hirschsprung's disease in

a family with multiple endocrine neoplasia type 2[J]. J Pediatr

Gastroenterol Nutr, 1982, 1(4): 603-607.

Garavelli L, Ivanovski I, Caraffi SG, et al. Neuroimaging

(7]

(8]
findings in Mowat-Wilson syndrome: a study of 54 patients[J].
Genet Med, 2016, 19(6): 691-700.

[9]  Doubaj Y, Pingault V, Elalaoui SC, et al. A novel mutation in

the endothelin B receptor gene in a moroccan family with shah-

waardenburg syndrome[J]. Mol Syndromol, 2015, 6(1): 44-49.

Lefcort F, Mergy M, Ohlen SB, et al. Erratum to: Animal and

cellular models of familial dysautonomia[J]. Clin Auton Res,

2017, 27(4): 235-243.

Mcinerney AM, Harris JE, Gattas M, et al. Fryns syndrome

[10]

[11]
associated with recessive mutations in PIGN in two separate
families[J]. Hum Mutat, 2016, 37(7): 695-702.

Di Zanni E, Adamo A, Belligni E, et al. Common PHOX2B

poly-Alanine contractions impair RET gene transcription,

[12]

predisposing to Hirschsprung disease[J]. Biochim Biophys Acta,
2017, 1863(7): 1770-1777.
[13] Zupan A, Glava¢ D. The development of rapid and accurate
screening test for RET hotspot somatic and germline mutations

in MEN2 syndromes[J]. Exp Mol Pathol, 2015, 99(3): 416-425.

431 -



H204% 5 S W T E Y RILFLE Vol.20 No.5
2018 4F5 A Chin J Contemp Pediatr May 2018
[14] Norton JA, Krampitz G, Jensen RT. Multiple endocrine Respir Res, 2015, 16(1): 80-86.

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[26]

[27]

(28]

[30]

neoplasia: Genetics and clinical management[J]. Surg Oncol
Clin N Am, 2015, 24(4): 795-832.

Mowat DR, Croaker GD, Cass DT, et al. Hirschsprung disease,
microcephaly, mental retardation, and characteristic facial
features: delineation of a new syndrome and identification of a
locus at chromosome 2q22-q23[J]. J Med Genet, 1998, 35(8):
617-623.

Liang F, Zhao M, Fan L, et al. Identification of a de novo
mutation of SOX10 in a Chinese patient with Waardenburg
syndrome type IV[J]. Int J Pediatr Otorhinolaryngol, 2016, 91:
67-71.

225 . SOX10, EDNRB AR 4 R 55
TER - P E BRI 2014,

Falah N, Posey JE, Thorson W, et al. 22q11.2q13 duplication

including SOX10 causes sex-reversal and peripheral

SELUEESININN

demyelinating neuropathy, central dysmyelinating
leukodystrophy, Waardenburg syndrome, and Hirschsprung
disease[J]. Am J Med Gene A, 2017, 173: 1066-1070.

Axelrod FB. Familial dysautonomia[J]. Muscle Nerve, 2004,
29(3): 352-363.

Bar-Shai A, Maayan C, Vromen A, et al. Decreased density
of ganglia and neurons in the myenteric plexus of familial
dysautonomia patients[J]. J Neurol Sci, 2004, 220(1-2): 89-94.
Azizi E, Berlowitz I, Vinograd I, et al. Congenital megacolon
associated with familial dysautonomia[J]. Eur J Pediatr, 1984,
142(1): 68-69.

Cohen-Kupiec R, Pasmanik-Chor M, Oron-Karni V, et al.
Effects of IKAP/hELP1 deficiency on gene expression in
differentiating neuroblastoma cells: implications for familial
dysautonomia[J]. PLoS One, 2011, 6(4): ¢19147.

Cheng WW, Tang CS, Gui HS, et al. Depletion of the IKBKAP
ortholog in zebrafish leads to hirschsprung disease-like
phenotype[J]. World J Gastroenterol, 2015, 21(7): 2040-2046.
Dietrich P, Dragatsis I. Familial dysautonomia: mechanisms and
models[J]. Genet Mol Biol, 2016, 39(4): 497-514.
Norcliffe-Kaufmann L, Slaugenhaupt SA, Kaufmann H. Familial
dysautonomia: history, genotype, phenotype and translational
research[J]. Prog Neurobiol, 2017, 152: 131-148.
Mendoza-Santiesteban CE, Hedges Iii TR, Norcliffe-Kaufmann
L, et al. Selective retinal ganglion cell loss in familial
dysautonomia[J]. J Neurol, 2014, 261(4): 702-709.
Mendoza-Santiesteban CE, Hedges TR 3rd, Norcliffe-Kaufmann
L, et al. Clinical neuro-ophthalmic findings in familial
dysautonomia[J]. J Neuroophthalmol, 2012, 32(1): 23-26.
Mendoza-Santiesteban CE, Palma JA, Hedges TR 3rd, et
al. Pathological confirmation of optic neuropathy in familial
dysautonomia[J]. J Neuropathol Exp Neurol, 2017, 76(3): 238-244.
Parisi MA, Zayed H, Slavotinek AM, et al. Congenital
diaphragmatic hernia and microtia in a newborn with
mycophenolate mofetil (MMF) exposure: phenocopy for Fryns
syndrome or broad spectrum of teratogenic effects?[J]. Am J
Med Genet A, 2009, 149A(6): 1237-1240.

Verkaeren E, Brion A, Hurbault A, et al. Health-related quality
of life in young adults with congenital central hypoventilation

syndrome due to PHOX2B mutations: a cross-sectional study[J].

432 -

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

I, XUIEA . 2T AN T S e R B S I S &
5% [J]. BUCEEZ T2 | 2015, 31(8): 1164-1167.

Tallman KA, Kim HH, Korade Z, et al. Probes for protein
adduction in cholesterol biosynthesis disorders: Alkynyl
lanosterol as a viable sterol precursor[J]. Redox Biol, 2017,
12(C): 182-190.

Klemetti P, Valta H, Kostjukovits S, et al. Cartilage-hair
hypoplasia with normal height in childhood-4 patients with a
unique genotype[J]. Clin Genet, 2017, 92(2): 204-207.

Tobin JL, Di Franco M, Eichers E, et al. Inhibition of neural
crest migration underlies craniofacial dysmorphology and
Hirschsprung's disease in Bardet-Biedl syndrome[J]. Proc Natl
Acad Sci U S A, 2008, 105(18): 6714-6719.

Dafsari HS, Byrne S, Lin J, et al. Goldberg-Shprintzen
megacolon syndrome with associated sensory motor axonal
neuropathy[J]. Am J Med Genet A, 2015, 167(6): 1300-1304.
Solga AC, Toonen JA, Pan Y, et al. The cell of origin dictates
the temporal course of neurofibromatosis-1 (NF-1) low-grade
glioma formation[J]. Oncotarget, 2017, 8(29): 47206-47215.
Nakakimura S, Sasaki F, Okada T. Hirschsprung's disease,
acrocallosal syndrome, and congenital hydrocephalus: report of
2 patients and literature review[J]. J Pediatr Surg, 2008, 43(5):
E13-17.

Bianconi SE, Cross JL, Wassif CA, et al. Pathogenesis,
epidemiology, diagnosis and clinical aspects of Smith-Lemli-Opitz
syndrome[J]. Expert Opin Orphan Drugs, 2015, 3(3): 267-280.
Riley P Jr, Weiner DS, Leighley B, et al. Cartilage hair
hypoplasia: characteristics and orthopaedic manifestations[J]. J
Child Orthop, 2015, 9(2): 145-152.

Cherkaoui Jaouad I, Laarabi FZ, Chafai Elalaoui S, et al. Novel
mutation and structural RNA analysis of the noncoding RNase
MRP gene in cartilage-hair hypoplasia[J]. Mol Syndromol,
2015, 6(2): 77-82.

Castro-Sanchez S, Alvarez-Satta M, Cortén M, et al. Exploring
genotype-phenotype relationships in Bardet-Biedl syndrome
families[J]. ] Med Genet, 2015, 52(8): 503-513.

Forsythe E, Beales PL. Bardet-Biedl syndrome[J]. Eur ] Hum
Genet, 2013, 21(1): 8-13.

Goldberg RB, Shprintzen RJ. Hirschsprung megacolon and cleft
palate in two sibs[J]. J Craniofac Genet Dev Biol, 1981, 1(2):
185-189.

Kevenaar JT, Bianchi S, van Spronsen M, et al. Kinesin-binding
protein controls microtubule dynamics and cargo trafficking by
regulating kinesin motor activity[J]. Curr Biol, 2016, 26(7): 849-861.
Craigie RJ, Ba'Ath M, Fryer A, et al. Surgical implications of
the Smith-Lemli-Opitz syndrome[J]. Pediatr Surg Int, 2005,
21(6): 482-484.

Hambardzumyan D, Gutmann DH, Kettenmann H. The role
of microglia and macrophages in glioma maintenance and
progression[J]. Nat Neurosci, 2016, 19(1): 20-27.

Stowe IB, Mercado EL, Stowe TR, et al. A shared molecular
mechanism underlies the human rasopathies Legius syndrome and
neurofibromatosis-1[J]. Genes Dev, 2012, 26(13): 1421-1426.

Aﬂ‘)

(ARSCHnt . Avae



