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Introduction

Currarino syndrome (CS), first described in 1981,1 is a con-
genital malformation typically associated with sacral agene-
sis, anorectal malformations, and a presacral mass. Patients
affected by CS display a phenotypic variability, whereby the
spectrum of phenotypes ranges from a severe triad to asymp-
tomatic features.2,3

A familial tendency with autosomal dominant inheritance
was noted by Yates et al. in 1983.4 Ross et al. further reported
that mutations in the homeobox gene HLXB9 are the major
cause of CS.5 Mutations in the HLXB9 gene have been identi-
fied in almost all reported cases of familial CS, and in
approximately 30% of patients with sporadic CS.6

The HLXB9 gene is essential for proper pancreatic devel-
opment and for the differentiation of motor neurons in the
spinal cord.7,8 It has 3 exons and encodes a 403-amino acid
transcription factor HB9 protein. The HB9 protein contains a
homeodomain preceded by a highly conserved 82-amino acid
domain and a poly-alanine region.9

In this article, we report a new HLXB9 gene mutation
identified in a Chinese family with members suffering from
CS, together with the clinical characteristics of the affected
individuals.

Patients and Methods

The cases of 2 members of a family diagnosed with CS were
analyzed for clinical findings. Blood samples were taken from
the patients and their relatives and screened for DNA muta-
tions in theHLXB9 gene. The Isl1 and Lim3 genes, known to be
involved in the same pathways as the HLXB9,9,10 were also
screened. After having obtained informed consent, DNA was
extracted from peripheral blood using a TIANamp Genomic
DNA Kit in accordance with manufacturer's instructions
(Tiangen Biotech, Beijing, China). Polymerase chain reaction
(PCR) amplification and direct sequencing were performed to
screen for DNA mutations. The primers used to screen HLXB9
and Lim3 geneswere as described in the literature.5,11 The Isl1

gene primers were designed by us (information available on
request). Direct sequencing was performed using an ABI
3730 automatic sequencer (Applied Biosystems, Carlsbad,
CA, USA).

Results

Clinical Findings
Patient 1 was an 11-year-old girl. She was admitted due to a
recurrent presacral mass for 1 year. She was born with an
imperforate anus (low type) and subsequently underwent
anoplasty. No magnetic resonance imaging (MRI) was per-
formed at the time, so whether she had a presacral mass or
not was not identified. Constipation persisted even after the
operation. At the age of 3, a rectal biopsy showed the absence
of ganglion cells, consistent with a diagnosis of Hirsch-
sprung's disease. During a radical macrosigmoid operation,
a presacral mass was discovered, and she also underwent
excision of the mass. Histological examination of the mass
showed it to be a dermoid cyst. The presacralmass reoccurred
during the follow-up period. MRI of the lumbosacral spine
revealed sacrococcy-geal hypoplasia and a presacral mass
(6.8 � 6.4 � 9.1 cm;►Fig. 1), all of which are consistent with
the diagnosis of Currarino syndrome. The mass was removed
again. A subsequent histological examination determined the
mass to be a dermoid cyst.

Patient 2 was a 3-year-old boy, the younger brother of
patient 1. He was born with a rectoperineal fistula and
consequently underwent anoplasty at the local hospital.
Constipation persisted and he was admitted to our hospital.
Barium enema suggested the possibility of Hirschsprung's
disease, but subsequent rectal biopsy excluded the diagnosis.
An MRI of the lumbosacral spine showed a lipomyelomenin-
gocele, a tethered cord, and sacral agenesis (►Fig. 2), all
leading to the diagnosis of Currarino syndrome. The child
underwent repair of themyelomeningocele and release of the
tethered cord. Postoperatively, the patient was still consti-
pated and was managed with enemas for constipation.
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Genetic Analysis
Using the methods described above, we identified a novel
HLXB9 heterozygous non-sense mutation (c.552C ! G; p.Tyr
184X) affecting the highly conserved domain. The 2 patients,
their mother, as well as their maternal grandmother pre-
sented with the same heterozygous p. Tyr184X mutation
(►Fig. 3). The mother and maternal grandmother, who did
not show any clinical features and did not undergo any X-ray
or MRI examinations, were regarded as asymptomatic car-
riers. No mutation was present in the other members of the
family. The screening of the Isl1 and Lim3 genes revealed no
mutation in those genes in any members of the family.

Discussion

Currarino syndrome is mainly caused by HLXB9 mutations
attributed to a haploin-sufficiency.9 To date, a total of 69
HLXB9 mutations (including cytogenetic anomalies) have
been identified.12–14

In this study, we report a novel HLXB9 gene mutation
(c.552C ! G; p. Tyr184X) located in highly conserved do-
main. The p.Tyr184X is likely to originate as a truncated
protein that, if stably translated, would lack the homeodo-
main region and would possibly affect its DNA-binding and
transcription-regulation activities. To our knowledge, this is
the first report of familial CS of Chinese origin; it confirms
that familial CS patients in China have the same genetic
background as other ethnicities.

It is of interest that the presacralmass of patient 1 recurred
several years after the first resection. This could be due to an
incomplete first resection. Patient 1 also was associated with
Hirschsprung's disease. A combination of CS and Hirsch-
sprung's disease has also been reported previously .13–19

Whether the HLXB9 gene is also involved in the pathways
of Hirschsprung's disease still needs more research.

Constipation is a severe problem in patients with Currarino
syndrome, and the true cause sometimes is difficult to eluci-
date. The constipation of Patient 2 in our study has remained
after surgery and can be onlymanagedwith enemas. It may be
caused by the combination of anorectalmalformation, anterior
myelomeningocele, and tethered cord.

The phenotypic variability observed in this study among
the family members carrying the same mutation can be best
explained by the existence of other modifier genes, which
may affect the HLXB9 protein partners or transcriptional
regulators.3,6,9,13 Candidate genes may include those known
to be involved in the same pathways as HLXB9. We screened
the Isl1 and Lim3 genes, both of which are regulators ofHLXB9
gene expression during the development of the motor neu-
rons in other vertebrates.12 In the case of the family studied,
however, there were no mutations in the Isl1 and Lim3 genes
in any family member. It will be necessary to screen more
candidate genes to explain the presence of CS.

The identification of the HLXB9 gene mutation confirms
the CS diagnosis, and it is suggested that mutational analysis
should be performed in patients suspicious for CS. It is still
difficult to offer precise genetic counseling, due to the lack of
genotype-phenotype correlations and the variability of ex-
pression in carriers.

Conflict of Interest
None

References
1 Currarino G, Coln D, Votteler T. Triad of anorectal, sacral, and

presacral anomalies. AJR Am J Roentgenol 1981;137:395–398

Figure 1 Midsagittal MRIs of Patient 1 (11-year-old girl). (a) T1-
weighted image; (b) T2-weighted image. Partial distal sacral agenesis
(black arrow) is present. A large cystic mass (white arrow) is present
between the uterus and the sacrum.

Figure 2 Midsagittal MRIs of Patient 2 (3-year-old boy). (a) T1-
weighted image; (b) T2-weighted image. Partial distal sacral agenesis
(white arrow) is present. There is a lipomyelomeningocele (black
arrow) from the presacral region to the spinal canal. The spinal cord is
tethered to L4.

Figure 3 Direct sequencing analysis of the HLXB9 gene. A hetero-
zygous non-sense mutation (c.552C ! G; p.Tyr184X) was identified.

European Journal of Pediatric Surgery Vol. 22 No. 3/2012

A Novel HLXB9 Mutation in a Chinese Family with Currarino Syndrome Wang, Wu244

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



2 Lynch SA, Wang Y, Strachan T, et al. Autosomal dominant
sacral agenesis: Currarino syndrome. J Med Genet 2000;37:
561–566

3 Kochling J, Karbasiyan M, Reis A. Spectrum of mutations and
genotype-phenotype analysis in Currarino syndrome. Eur J Hum
Genet 2001;9:599–605

4 Yates VD,Wilroy RS,Whitington L, et al. Anterior sacral defects: an
autosomal dominantly inherited condition. J Pediatr 1983;102:
239–242

5 Ross AJ, Ruiz-Perez V, Wang Y, et al. A homeobox gene, HLXB9, is
the major locus for dominantly inherited sacral agenesis. Nat
Genet 1998;20:358–361

6 Belloni E, Martucciello G, Verderio D, et al. Involvement of the
HLXB9 homeobox gene in Currarino syndrome. Am J Hum Genet
2000;66:312–319

7 Li H, Arber S, Jessell TM, et al. Selective agenesis of the dorsal
pancreas in mice lacking homeobox gene HLXB9. Nat Genet
1999;23:67–70

8 Harrison KA, Thaler J, Pfaff SL, et al. Pancreas dorsal lobe agenesis
and abnormal islets of Langerhans in HLXB9-deficient mice. Nat
Genet 1999;23:71–75

9 Hagan DM, Ross AJ, Strachan T, et al. Mutation analysis and
embryonic expression of the HLXB9 Currarino syndrome gene.
Am J Hum Genet 2000;66:1504–1515

10 Muller YL, Yueh YG, Yaworsky PJ, et al. Caudal dysgenesis in Islet-1
transgenic mice. FASEB J 2003;17(10):1349–1351

11 Pfaeffle RW, Savage JJ, Hunter CS, et al. Four novel mutations of the
LHX3 gene cause combined pituitary hormone deficiencies with

or without limited neck rotation. J Clin Endocrinol Metab 2007;
92(5):1909–1919

12 Crétolle C, Pelet A, Sanlaville D, et al. Spectrum of HLXB9 gene
mutations in Currarino syndrome and genotype-phenotype cor-
relation. Hum Mutat 2008;29(7):903–910

13 Garcia-Barceló MM, Lui VC, So MT, et al. MNX1 (HLXB9) mutations
in Currarino patients. J Pediatr Surg 2009;44(10):1892–1898

14 Kim IS, Oh SY, Choi SJ, et al. Clinical and genetic analysis of HLXB9
gene in Korean patients with Currarino syndrome. J Hum Genet
2007;52(8):698–701

15 Amornfa J, Taecholarn C, Khaoroptham S. Currarino syndrome:
report of two cases and review of the literature. J Med Assoc Thai
2005;88:1697–1702

16 Kilickesmez O, Gol IH, Uzun M, et al. Complete familial Currarino
triad in association with Hirschsprung's disease: magnetic reso-
nance imaging features and the spectrum of anorectal malforma-
tions. Acta Radiol 2006;47:422–426

17 Martucciello G, Torre M, Belloni E, et al. Currarino syndrome:
proposal of a diagnostic and therapeutic protocol. J Pediatr Surg
2004;39:1305–1311

18 Baltogiannis N, Mavridis G, Soutis M, et al. Currarino triad
associated with Hirschsprung's disease. J Pediatr Surg 2003;38:
1086–1089

19 Volk A, Karbasiyan M, Semmler A, et al. Adult index patient with
Currarino syndrome due to a novel HLXB9 mutation, c.336dupG
(p. P113fsX224), presenting with Hirschsprung's disease, cepha-
lgia, and lumbodynia. Birth Defects Res A Clin Mol Teratol
2007;79:249–251

European Journal of Pediatric Surgery Vol. 22 No. 3/2012

A Novel HLXB9 Mutation in a Chinese Family with Currarino Syndrome Wang, Wu 245

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.


