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Abstract Currarino syndrome (CS) is a rare autosomal

dominant disease that has been described as a triad of

partial sacral agenesis, anorectal anomalies, and a presacral

mass. Mutations in the HLXB9 gene have been suggested to

be the genetic background of CS. In this study, sequence

analysis of the HLXB9 gene was performed in two familial

and two sporadic Korean patients showing the clinical

features of CS, and two mutations in the HLXB9 gene were

identified only in the two familial cases. One mutation

(R295W) has been reported previously, and the other

(H260_Q261delinsLELLELE) is novel. Consistent with

previous observations, the phenotypic expression of the

mutation carriers in the CS families varies from mild to

severe, including the complete triad. This study confirms

that familial CS patients in Korea have the same genetic

background as other ethnicities and reaffirms the pheno-

type variability among CS patients with the same mutation.

Keywords Currarino syndrome � HLXB9 � Mutation

analysis � Korean

Introduction

Currarino syndrome (CS; OMIM 176450) is described as a

triad of partial sacral agenesis with an intact first sacral

vertebra (sickle-shaped sacrum), presacral mass, and ano-

rectal malformations (Currarino et al. 1981). The other

abnormalities, such as duplication of the urogenital tract,

tethered cord, and different fistulas, might be associated with

CS (Emans et al. 2005). CS shows an autosomal dominant

inheritance with highly variable expression (Emans et al.

2005; Garcia-Barcelo et al. 2006; Kochling et al. 2001).

In 1998, Ross et al. reported that mutations in the

homeobox gene, HLXB9, at chromosome 7q36, are the

major cause of the CS (Ross et al. 1998). Mutations in

HLXB9 have been identified in almost all cases of familial

CS and in approximately 30% of sporadic CS (Belloni

et al. 2000; Garcia-Barcelo et al. 2006; Hagan et al. 2000;

Kochling et al. 2001; Lynch et al. 2000). There is no

genotype–phenotype correlation and extremely high vari-

ability of the phenotype can be found in carriers of the

mutation, from severe triad to minor sacral abnormalities

that are only detectable with radiographs or are even

completely asymptomatic (Garcia-Barcelo et al. 2006;

Kochling et al. 2001).

Although a few cases of CS have been reported in Korea,

there is no genetically proven cases thus far (Kim et al. 1993;

Lee et al. 1997). In order to know whether Korean CS pa-

tients have the same genetic background as other ethnicities,

we performed a mutation analysis of the HLXB9 gene in four

Korean CS patients (two familial and two sporadic) and

found two mutations only in the familial cases, respectively.
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Patients and methods

Four unrelated patients were enrolled in this study. Two of

them (patients 1 and 2) had a family history of suspected

CS. For the family study, four sisters (II-2, II-4, II-6, and

II-8) of patient 1, and the grandmother (I:2), both parents

(II:5 and II:6), two paternal aunts and an uncle (II:2, II:4,

and II:7) of patient 2 were tested (Fig. 1). After obtaining

informed consent, the genomic DNA was isolated from the

peripheral blood leukocytes using a Wizard genomic DNA

purification kit according to the manufacturer’s instruction

(Promega, Madison, WI). The HLXB9 gene was amplified

by a polymerase chain reaction (PCR) using the appropriate

primers designed by the authors (available upon request)

and a thermal cycler (Model 9700, Applied Biosystems,

Foster City, CA). Direct sequencing was performed using

the BigDye Terminator Cycle Sequencing Ready Reaction

kit (Applied Biosystems) on an ABI Prism 3100 genetic

analyzer (Applied Biosystems).

Results

Clinical findings

Patient 1 was a 25-year-old pregnant woman. She had

chronic constipation and suffered from recurrent abdomi-

nal pain and distension. At age 20, a pre-sacral meningo-

cele, a large bony defect involving the sacral segments S2

to S5, and rectal dilatation were noticed incidentally during

a radiological study after a car accident. She was diagnosed

with CS and underwent a colostomy due to a megacolon.

Two of her four elder sisters were also diagnosed with CS.

The eldest sister (II-2) had chronic constipation and a sa-

cral bony defect, and her second son (III-2) also had a

sacral bony defect and anorectal stenosis that had been

corrected by anoplasty and a colostomy at birth. The

youngest sister (II-8) had the complete Currarino triad

including sacral bony deformity, presacral meningomyel-

ocele and an anal stricture, and underwent a colostomy.

Patient 2 was a 6-month-old female infant who was

admitted due to fever, chill and headache. The CSF culture

revealed polymicrobial infection with Enterobacter cloa-

cae, Citrobacter freundii, Klebsiella pneumoniae, Entero-

coccus faecalis and Enterococcus avium. Magnetic

resonance image (MRI) of the spine showed a presacral

mature cystic teratoma with an extension of the spinal

canal associated with a lower lining cord and possible

tethering to the mass, an anterior bony defect of distal

sacrum and a left hydroureteronephrosis. Prominent

enhancement along the surface of lumbosacral spinal cord

was also observed. Brain computed tomography (CT)

showed multifocal low-attenuated lesion in both basal

ganglia and right parieto-temporal lobe, widening of the

subarachnoid space and increased attenuation in the ven-

tricles and cisterns. These findings were indicative of

cerebritis and arachnoiditis. Her parents reported that she

had suffered from recurrent abdominal pain and distension.

She was finally diagnosed with CS, but had died from

sepsis despite receiving antimicrobial chemotherapy. Her

A)

B)

Fig. 1 Pedigrees of two

families with Currarino

syndrome carrying HLXB9 gene

mutations. a Patient 1’s family

with the R295W mutation.

b Patient 2’s family with the

H260_Q261delinsLELLELE

mutation. Circle female; square
male; black symbol affected; dot
asymptomatic carrier; diagonal
line deceased
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father (II-5) had chronic constipation and an anal fistula,

and her paternal grandmother had a megacolon, which had

been corrected by colostomy at age 15. All the other family

members were asymptomatic.

Patient 3 was a 6-year-old girl and had a presacral ter-

atoma, sacral defect and a congenital megacolon at birth.

Terotoma removal and a rectal wall repair operation were

performed at birth. The anoplasty and colostomy was

performed at age 2, and colostomy repair was carried out at

age 3. No family history was reported.

Patient 4 was a 4-year-old boy with a lipomyelomen-

ingocele, sacral bony defect, imperforate anus, tethered

cord and vesicourethral reflux at birth. Anoplasty and re-

moval of lipomyelomeningocele had been performed at

birth and at age 4. No family history was reported.

Genetic analysis

Direct sequencing of the whole coding exons and their

flanking intronic regions of the HLXB9 gene revealed a

known heterozygous missense mutation (c.883C > T;

R295W) and a novel heterozygous deletion–insertion

mutation (c.779_781delinsTGGAGCTGCTGGAGCTGG;

H260_Q261delinsLELLELE) affecting the homeodomain

region in patients 1 and 2, respectively (Fig. 2). Two sisters

of patient 1 (II-2 and II-8) had the same heterozygous

R295W mutation, while the other two sisters (II-4 and II-6)

did not. Patient 2’s father (II-5), grandmother (I-2), two

paternal aunts (II-2 and II-4) and one paternal uncle (II-7)

had the same deletion–insertion mutation. Therefore, three

individuals (II-2, II-4, and II-7) in this family were found to

be asymptomatic carriers. No mutation was identified in the

two sporadic CS cases.

Discussion

The HLXB9, a homeobox gene, has three exons encoding

a 403-amino acid protein with three significant features: a

polyalanine repeat region that shows length polymorphism,

Fig. 2 Direct sequencing analyses of the HLXB9 gene. a A

heterozygous missense mutation (c.883C > T; R295W) was identified

in patient 1 (open arrow) and b overlapping peaks from the nucleotide

c.779A (filled arrow) were noticed due to a heterozygous deletion–

insertion mutation (c.779_781delinsTGGAGCTGCTGGAGCTGG;

H260_Q261delinsLELLELE) in patient 2
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a homeodomain encoded by exons 2 and 3, and a highly

conserved region of 82 amino acids upstream of the

homeodomain (Hagan et al. 2000). To date, more than 31

CS-causing HLXB9 heterozygous mutations have been

identified (Garcia-Barcelo et al. 2006; Kochling et al. 2001;

Wang et al. 2006). All missense mutations are clustered in

the homeodomain, whereas the nonsense and frameshift

mutations are located mainly on the NH2 terminus of the

protein (Kochling et al. 2001). In this study, the first

familial case has a previously reported mutation, R295W

(Belloni et al. 2000) within exon 3 while the second

familial case had a novel deletion–insertion mutation

within exon 2. This novel mutation showed a deletion of

two amino acids and an insertion of seven amino acids

(H260_Q261delinsLELLELE), finally changing two amino

acids from H260_Q261 into L260_E261 and adding five

amino acids (LLELE) within the homeodomain.

The variability in the manifestations of CS and the high

proportion of clinically asymptomatic patients makes it

difficult to determine the true incidence of this condition

(Hagan et al. 2000). The presence of constipation may lead

to a diagnosis of CS early in childhood, even though some

of the patients reported did not show any clinical symptoms

(Kochling et al. 2001, 1996; O’Riordain et al. 1991). In

these clinically asymptomatic patients, the neurological

injury, bacterial meningitis or malignant degeneration may

be late, serious and often be unguarded complications of

the presacral mass (Gaskill and Marlin 1996; Hunt et al.

1977; Tander et al. 1999; Urioste et al. 2004).

Phenotypic variability was also observed among the

family members carrying the same mutation in the present

study and this phenotypic variability is suggested to be due

to a variable gene penetrance or by the effects of other

unknown genes or sensitivity to modifications elsewhere in

the genome affecting the HLXB9 protein partners or tran-

scriptional regulators (Belloni et al. 2000; Garcia-Barcelo

et al. 2006; Hagan et al. 2000; Kochling et al. 2001).

As previously mentioned, the HLXB9 mutations have

been found in almost all patients with familial CS and in

only 30% of patients with sporadic CS. HLXB9 mutations

were not detected in the two sporadic CS patients in this

study. Although mutations outside the coding and putative

promoter regions as well as somatic mosaicism provide

possible explanations, an alternative possibility is genetic

heterogeneity. In summary, we can confirm that familial

CS patients in Korea have the same genetic background as

other ethnicities and reaffirm the phenotype variability

among CS patients with the same mutation. Also, the ge-

netic heterogeneity or undetected mosaicism for an HLXB9

gene in sporadic cases is suggested.

Acknowledgments This work was supported by the Samsung

Biomedical Research Institute grant, #SBRI C-A6-403-2.

References

Belloni E, Martucciello G, Verderio D, Ponti E, Seri M, Jasonni V,

Torre M, Ferrari M, Tsui LC, Scherer SW (2000) Involvement of

the HLXB9 homeobox gene in Currarino syndrome. Am J Hum

Genet 66:312–319

Currarino G, Coln D, Votteler T (1981) Triad of anorectal, sacral, and

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

Emans PJ, Kootstra G, Marcelis CL, Beuls EA, van Heurn LW (2005)

The Currarino triad: the variable expression. J Pediatr Surg

40:1238–1242

Garcia-Barcelo M, So MT, Lau DK, Leon TY, Yuan ZW, Cai WS,

Lui VC, Fu M, Herbrick JA, Gutter E, Proud V, Li L, Pierre-

Louis J, Aleck K, van Heurn E, Belloni E, Scherer SW, Tam PK

(2006) Population differences in the polyalanine domain and 6

new mutations in HLXB9 in patients with Currarino syndrome.

Clin Chem 52:46–52

Gaskill SJ, Marlin AE (1996) The Currarino triad: its importance in

pediatric neurosurgery. Pediatr Neurosurg 25:143–146

Hagan DM, Ross AJ, Strachan T, Lynch SA, Ruiz-Perez V, Wang

YM, Scambler P, Custard E, Reardon W, Hassan S, Nixon P,

Papapetrou C, Winter RM, Edwards Y, Morrison K, Barrow M,

Cordier-Alex MP, Correia P, Galvin-Parton PA, Gaskill S,

Gaskin KJ, Garcia-Minaur S, Gereige R, Hayward R, Homfray T

(2000) Mutation analysis and embryonic expression of the

HLXB9 Currarino syndrome gene. Am J Hum Genet 66:1504–

1515

Hunt PT, Davidson KC, Ashcraft KW, Holder TM (1977) Radiog-

raphy of hereditary presacral teratoma. Radiology 122:187–191

Kim HS, Park CW, Bak KH, Lee U (1993) Presacral mass in

Currarino triad: case report. J Korean Neurosurg Soc 22:905–911

Kochling J, Pistor G, Marzhauser Brands S, Nasir R, Lanksch WR

(1996) The Currarino syndrome-hereditary transmitted syn-

drome of anorectal, sacral and presacral anomalies. Case report

and review of the literature. Eur J Pediatr Surg 6:114–119

Kochling J, Karbasiyan M, Reis A (2001) Spectrum of mutations and

genotype–phenotype analysis in Currarino syndrome. Eur J Hum

Genet 9:599–605

Lee SC, Chun YS, Jung SE, Park KW, Kim WK (1997) Currarino

triad: anorectal malformation, sacral bony abnormality, and

presacral mass—a review of 11 cases. J Pediatr Surg 32:58–61

Lynch SA, Wang Y, Strachan T, Burn J, Lindsay S (2000) Autosomal

dominant sacral agenesis: Currarino syndrome. J Med Genet

37:561–566

O’Riordain DS, O’Connell PR, Kirwan WO (1991) Hereditary sacral

agenesis with presacral mass and anorectal stenosis: the Curra-

rino triad. Br J Surg 78:536–538

Ross AJ, Ruiz-Perez V, Wang Y, Hagan DM, Scherer S, Lynch SA,

Lindsay S, Custard E, Belloni E, Wilson DI, Wadey R, Goodman

F, Orstavik KH, Monclair T, Robson S, Reardon W, Burn J,

Scambler P, Strachan T (1998) A homeobox gene, HLXB9, is

the major locus for dominantly inherited sacral agenesis. Nat

Genet 20:358–361

Tander B, Baskin D, Bulut M (1999) A case of incomplete Currarino

triad with malignant transformation. Pediatr Surg Int 15:409–410

Urioste M, Garcia-Andrade Mdel C, Valle L, Robledo M, Gonzalez-

Palacios F, Mendez R, Ferreiros J, Nuno J, Benitez J (2004)

Malignant degeneration of presacral teratoma in the Currarino

anomaly. Am J Med Genet A 128:299–304

Wang RY, Jones JR, Chen S, Rogers RC, Friez MJ, Schwartz CE,

Graham JM Jr (2006) A previously unreported mutation in a

Currarino syndrome kindred. Am J Med Genet A 140:1923–

1930

J Hum Genet (2007) 52:698–701 701

123


	Clinical and genetic analysis of HLXB9 gene in Korean �patients with Currarino syndrome
	Abstract
	Introduction
	Patients and methods
	Results
	Clinical findings
	Genetic analysis

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


