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Abstract We report a young boy with penoscrotal
hypospadias, anal atresia (AA) with a recto-urethral
fistula, a hypoplastic kidney and a balanced transloca-
tion t(6;17)(p21.31;q11.2). Physical mapping of the
breakpoints localized the chromosome 6 breakpoint
within an intron of the gene lipoma HMGIC fusion
partner-like 5 (LHFPL5) whereas the chromosome 17
breakpoint was mapped to the first intron of the 182-FIP
gene encoding the Fragile X Mental Retardation Protein
Interacting Protein. Sequence analysis across the
breakpoints revealed an almost perfectly balanced
translocation with a 2 bp deletion on the derivative
chromosome 6 and a 7 bp duplication on the derivative
chromosome 17. We identified a fusion transcript con-
sisting of the first exon of 182-FIP and the last exon of
LHFPL5 in patient-derived cells. Quantitative expres-
sion analysis of the genes flanking the breakpoints, re-
vealed increased transcript levels for SFRS protein
kinase 1 (SRPK1) and TAO kinase 1 (TAOK1) which
suggests a positional effect due to the translocation. We
hypothesize that the urogenital and anorectal malfor-
mations in the patient result from one or several mech-
anisms including disruption of the genes 182-FIP and

LHFPL5, altered expression of the genes flanking the
translocation breakpoints and, a gain of function
mechanism mediated by the 182-FIP-LHFPL5 fusion
transcript.
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Introduction

Hypospadias consist of a misplaced urethral orifice
along the frontal side of the penis and is one of the most
common malformations among males with a frequency
of 1 in every 250–300 live births (Baskin 2000; Gallentine
et al. 2001; Paulozzi 1999). The degree of hypospadias
varies in its severity, ranging from a slight anomaly with
the urethral orifice just below the tip of the penis to
extreme cases in which the urethral orifice is located in
the perineum. Hypospadias is believed to be multifac-
torial or polygenic and the majority of the cases are
sporadic. Some rare familial cases are described where
the malformation segregates as a dominant trait (Nor-
denskjold et al. 1999). Hypospadias is associated with
low birth weight in discordant monozygotic twins which
has been suggested to be related to inadequacy of the
placenta to produce enough human chorionic gonado-
tropin for two male foetuses (Fredell et al. 1998). Ano-
rectal malformations (ARMs) including anal atresia
(AA) have an incidence of 1 in 1,500–5,000 live births
with a male to female ratio of 1.2–2:1. ARMs is asso-
ciated with cytogenetic rearrangements such as 13q
deletions, 1q deletions, tetrasomy of the short arm of
chromosome 12, trisomy 21 and 7q36 deletions (Bartsch
et al. 1996; Seri et al. 1999; Steinbach and Rehder 1987;
Takano et al. 1997; Van Buggenhout et al. 1999; Zlot-
ogora et al. 1989). In addition, several defined clinical
syndromes are also associated with ARMs. These in-
clude VACTERL, primary developmental field defect,
CHARGE association, Townes-Brocks, Johanson-Bliz-
zard, Pallister-Hall, Currarino, Opitz, Zellweger, FG
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syndrome and other multiple congenital anomaly pat-
terns (Christensen et al. 1990; Endo et al. 1999; Hassink
et al. 1996; Martinez-Frias 1994; Martinez-Frias and
Frias 1999; Rodono et al. 1997; Sutherland et al. 1996).
Up to 70% of cases with ARMs present with additional
congenital abnormalities most commonly affect the
genitourinary system which suggests a common patho-
logical event (Baskin 2000; Cho et al. 2001; Hassink
et al. 1996; Martinez-Frias et al. 2000; Shaul and Har-
rison 1997).

During early mammalian embryonic development,
growth of the mesenchymal upper (Tourneux) and lat-
eral (Rathke) folds results in a midline septation event of
the cloaca and a separation of the urinary and the fecal
compartments. From this point, sex-specific differentia-
tion of the urogenital system takes place. The high
proportion of patients with both ARMs and hypospa-
dias, has lead to the assumption of a common devel-
opmental defect during formation of the urethra and
septation of the cloaca (Dravis et al. 2004). The mech-
anisms behind these relatively common malformations
are still poorly understood and few genes have so far
been identified in these events.

In this study, we report a young male presenting with
penoscrotal hypospadias, AA with a recto-urethral fis-
tula and, a hypoplastic kidney. Chromosomal analysis
showed that the patient had a de novo reciprocal bal-
anced translocation, t(6;17)(p21.31;q11.2). We report
the detailed physical mapping of the translocation
breakpoints involving the chromosome 6 gene lipoma
HMGIC fusion partner-like 5 (LHFPL5) and the chro-
mosome 17 gene 182-FIP encoding the 82-kD Fragile X
Mental Retardation Protein (FMRP) Interacting Pro-
tein. A 182-FIP-LHFPL5 fusion transcript was detected
as a result of the translocation in the patient. Quanti-
tative real time RT–PCR revealed increased transcript
levels for the genes flanking the translocation break-
points. We hypothesize that the described reciprocal
translocation with its molecular consequences is of
functional importance for the malformations in the pa-
tient.

Materials and methods

The patient is a ten-year-old boy born in gestational
week 36 and after a normal pregnancy (birth weight of
2560 g, Apgar score of 9/10/10). The patient was diag-
nosed with penoscrotal hypospadias, AA, a recto-ure-
thral fistula and a hypoplastic right-side kidney. The
kidney was found silent and removed. Histopathological
examination showed agenesia with embryonic and
immature kidney structures. Additional clinical exam-
inations and investigations including X-rays of skeleton
and intestines, abdominal ultrasound and echocardiog-
raphy revealed no additional abnormalities. Steroid
profile and metabolic screening was found normal. The
coding sequence of the Wilms tumour 1 (WT1) gene was

analysed with no variations when compared to the ref-
erence sequences. Chromosomal analysis revealed a
t(6;17)(p21.31;q11.2) karyotype. Both parents have
normal karyotypes and display no physical abnormali-
ties. There is no family history of congenital birth de-
fects. The boy has had normal psychomotor
development and attends school.

Fluorescence in situ hybridization analysis

Metaphase chromosomes from a lymphoblastoid cell
line (LCL) from the patient were used for Fluorescence
in situ hybridization (FISH) (Tentler et al. 2003) and
mini-FISH analysis as described (Klar et al. 2005;
Mansouri et al. 2005). The 17q11.2 specific BAC clones
RP11-362P24, RP11-138P22, RP11-192H23, RP11-
22N12, RP11-296K13, RP11-82O19, RP11-403E9 were
obtained from RZPD-Germany and the 6p21.31 specific
PAC clones RP1-368C2, RP3-510O8 and RP3-422H11
were obtained from the Sanger Institute (Roswell Park
Cancer Institute). Mini-FISH probes were amplified
from the clones RP3-510O8 and RP11-22N12, which
span the breakpoints on chromosome 6 and 17, respec-
tively, and with the Advantage 2 PCR kit (Clontech).
Primer sequences are available upon request. The PCR
products were purified using the GFX PCR DNA and
Gel Band Purification Kit (Amersham) and labelled with
either digoxigenin-16-dUTP or biotin-16-dUTP (Roche)
by nick-translation. After hybridization and washing,
the digoxigenin labelled probes were detected by rho-
damine labelled anti-digoxigenin antibody and the bio-
tin labelled probes were detected by fluorescein
isothiocyanate labelled anti-biotin antibody (Roche).
The chromosomes were counterstained with DAPI and
anti-fade (Vector labs) and the slides analysed with a
Zeiss Axioscope microscope using a cooled CCD camera
(Photometrics) and the IPlab software.

Southern blot analysis and cloning of the breakpoints

Refined mapping of the two breakpoint regions was
performed by Southern blot analysis. DNA from the
patient and controls was prepared from peripheral
blood, cleaved with endonucleases EcoRI, BamHI and
BglI, separated by agarose gel electrophoresis and
transferred to nylon membranes (Amersham). Probes
were generated by PCR (primer sequences are available
upon request) from the clone RP3-510O8 for chromo-
some 6 and the clone RP11-22N12 for chromosome 17,
respectively.

Amplicons of approximately 3 kb bridging the
breakpoints were generated by long-range PCR using
chromosome 6 and 17 specific primers. The amplicons
were sequenced using a Big Dye Terminator Chemistry
(PE Biosystems) and an ABI 3700 DNA analyzer (Ap-
plied Biosystems).
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Expression analysis and mutation screening

RT–PCR analysis was performed on total RNA from
LCLs-derived from the patient and two control indi-
viduals using TRIzol solution (Invitrogen). The RNA
preparations were analysed for purity using the 2100
Bioanalyzer (Agilent Technologies). The presence of
fusion transcripts in the patient was investigated using
primers derived from the coding sequences of 182-FIP
and LHFPL5, respectively. LCLs from the patient and
healthy controls were investigated for the expression of
the chromosome 6 genes FKBP5, C6orf81, UNQ3045,
CLPS, LHFPL5 and SFRS protein kinase 1 (SRPK1)
and the chromosome 17 genesMYO18A, CRYBA1, 182-
FIP and TAO kinase 1 (TAOK1) using quantitative real
time RT–PCR. Primer sequences are available upon
request.

Analysis of the normal expression pattern for the
genes LHFPL5, 182-FIP, SRPK1 and TAOK1 was
performed by RT–PCR on RNA from the human brain,
colon, heart, kidney, liver, lung and placenta purchased
from Clontech. b-actin was used as internal control
(primer sequences are available upon request).

DNA from ten patients with penoscrotal hypospa-
dias, six patients with AA with or without dysplastic
kidneys, four females with cloacal abnormalities and one
patient with VACTERL syndrome was collected for
mutational analysis. Amplicons of 300–400 nucleotides
in size corresponding to the coding sequences and the 5¢
and 3¢ UTRs of 182-FIP and LHFPL5 transcripts were
generated from all 21 DNA samples. Sequencing was
performed using BigDye Terminator Chemistry (PE
Biosystems) and an ABI 3700 DNA Analyzer (Applied
Biosystems).

Results

Mapping of the translocation breakpoints

In order to localize the translocation breakpoints, we
performed FISH analysis on metaphase spreads from
the patient with genomic clones from chromosomes 6
and 17. The BAC clone RP3-510O8 from the 6p21.31
region hybridized both to the normal chromosome 6 and
to the two derivative chromosomes der(6) and der(17).
Mini-FISH analysis using the RP3-510O8 derived probe
6mf1 restricted the breakpoint region to within 74 kb
(Fig. 1). Refined mapping by Southern blot analysis
with several genomic probes from the 74 kb region
positioned the breakpoint to a BglI restriction fragment
of 2,003 bp on chromosome 6 and within intron 3 of the
LHFPL5 gene.

Similarly, the 17q11.2 BAC clone RP11-22N12
hybridized both to the normal chromosome 17 and to
the two derivative chromosomes der(6) and der(17) on
metaphase spreads from the patient. Mini-FISH exper-
iments showed that the BAC derived probe 17mf4
was translocated to the derivative chromosome 6 and

restricted the breakpoint region to be within 21 kb
(Fig. 1). Aberrant restriction fragments in patient DNA
were observed with the restriction endonucleases EcoRI
and BamHI which positioned the breakpoint to a
BamHI-BglI restriction fragment of 609 bp within the
first intron of the 182-FIP gene.

The detailed mapping allowed us to span both
breakpoints by long-range PCR using primers from the
two derivative chromosomes. Sequence analysis of the
breakpoints revealed a 2 bp deletion on the derivative
chromosome 6 and a 7 bp duplication on the derivative
chromosome 17 (Fig. 2).

Expression studies and mutation screening

A novel 182-FIP-LHFPL5 fusion transcript consisting
of the first exon of 182-FIP and the last exon of
LHFPL5 was identified in LCL-derived RNA from the
patient but not in controls (Fig. 3a). The transcript has
an open reading frame consisting of 123 codons, the first
92 identical to the normal 182-FIP transcript, and the
predicted protein has no significant homology to any
known functional domains. Quantitative real time RT–
PCR performed on LCLs in triplicate measurements
revealed significantly reduced levels of the normal 182-
FIP transcript in the patient compared to controls
(P=9e-8). In contrast, mRNA levels for SRPK1 and
TAOK1 were significantly increased in the patient when
compared to controls (P=7e-10 and P=2e-94, respec-
tively). The mRNA levels for MYO18A and FKBP5
were equal in the patient and control LCLs (Fig. 3b)
whereas, no expression was detected for the genes
C6orf81, UNQ3045, CLPS or LHFPL5 in the patient or
control derived LCLs.

The tissue distribution of LHFPL5, 182-FIP, SRPK1
and TAOK1 transcripts was assessed by tissue specific
RT–PCR using RNA derived from the human brain,
colon, heart, kidney, liver, lung, and placenta. LHFPL5
expression was detected in the brain and colon, 182-FIP
was detected in the brain, colon, kidney, liver, lung and
placenta whereas, SRPK1 and TAOK1were ubiquitously
expressed. The b-actin-derivedRT–PCRproducts used as
internal control were observed in all samples (Fig. 3c).

Sequence analysis of DNA samples from 21 patients
with genital and/or anal malformations identified eight
novel silent nucleotide changes in transcript sequences of
the 182-FIP and LHFPL5 genes. No coding alterations
changing the primary amino acid sequence were detected
(Table 1). One of the silent changes was confirmed as a
polymorphism in 2/112 control chromosomes. Surpris-
ingly, seven variations were so rare that they could not be
identified in any out of 110–116 control chromosomes.

Discussion

Balanced translocations occur at a rate of 1 in 500–2,000
live births and are present in healthy individuals
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(Baptista et al. 2005; Warburton 1991). However, car-
riers of de novo balanced translocations have twice the
frequency of congenital abnormalities compared to
individuals with normal karyotypes. This suggests that
there is a causal relationship between translocations and
abnormal phenotypes (Warburton 1991). In this study,
we have characterized both chromosomal breakpoints
from a balanced reciprocal translocation t(6;17)(
p21.31;q11.2) associated with hypospadias and AA. Se-
quence analysis of the breakpoints revealed an almost
perfectly balanced translocation with only a small dele-
tion/duplication at the breakpoint sites. Both the
breakpoint regions contain polypyrimidine tracts which

are associated with chromosomal rearrangements
(Abeysinghe et al. 2003). Physical mapping and
sequencing allowed us to position the translocation
breakpoints within the gene 182-FIP on chromosome 17
and within the LHFPL5 gene on chromosome 6. The
182-FIP gene encodes the 82-kD FMRP Interacting
Protein and was recently reported to be associated with
polyribosomes as a component of the mRNP complexes
containing FMRP. The mRNP complex is associated
with actively translating polyribosomes, RNA com-
plexes trafficking in neurites, RNA granules in cyto-
plasm and, in Drosophila, with the RNAi machinery
(Bardoni et al. 2003). The 182-FIP transcript levels in
LCL-derived RNA from the patient is reduced to
approximately 50% of levels in control samples which
confirms the loss of one allele in the patient. It also
supports our hypothesis that haploinsufficiency of this
gene may contribute to the patient’s phenotype. The
182-FIP transcript is normally expressed in the colon,
kidney and placenta, which is consistent with the organs
involved in the malformations of our patient. The
LHFPL5 gene encodes a protein of yet unknown func-
tion with several predicted active domains. Interestingly,
one of these domains, Pfam domain PF00822, is also
found in claudins which are components of tight junc-
tions. Software analysis predicts four transmembrane
motifs at positions 24–46, 97–119, 126–148 and 177–199
which indicates that LHFPL5 is a transmembrane pro-
tein. The transcript was detected in RNA from the brain
and colon. A mutation in the LHFPL5 mouse ortholog,
Lhfpl5, has been reported to cause deafness and ves-
tibular dysfunction in mice (Longo-Guess et al. 2005). In
a study by Sebat et al. (2004) looking at large-scale copy
number polymorphisms in the human genome, LHFPL5

Fig. 1 Mapping of the chromosome 6 and the chromosome 17
translocation breakpoints. Genomic clones in the region are
outlined. Vertical lines represent the breakpoints. 6mf1 denotes

the position of the mini-FISH probe on chromosome 6 and
17mf1-4 denote the position of the mini-FISH probes on
chromosome 17

Fig. 2 DNA sequence across the breakpoints and sequence
comparison to normal chromosome 6 and chromosome 17
sequences. At the der(6) chromosome breakpoint, a 2 bp (AC)
deletion was identified. The der(17) chromosome breakpoint has a
7 bps (GGGTCGG) duplication
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maps to a region reported to be polymorphic resulting in
loss of one gene copy in 10 out of 20 individuals anal-
ysed. These observations, in combination with the ab-
sence of neurological symptoms in our patient make
haploinsufficiency for the LHFPL5 gene unlikely as a
mechanism behind the malformation in the patient.

Quantitative real time RT–PCR analysis on mRNA
from patient-derived LCLs revealed an increased
expression of two genes flanking either breakpoint when
compared to control LCLs. The SRPK1 gene, located
centromeric of the derivative chromosome 6 breakpoint,
showed a two-fold increase in transcript levels. SRPK1 is

believed to regulate intracellular localization of splicing
factors in the cell cycle (Gui et al. 1994). On chromo-
some 17, the TAOK1 gene, encoding a serine/threonine
protein kinase with an unknown function, located telo-
meric of the breakpoint was also found to be expressed
at significantly higher levels in the patient when com-
pared to controls. The increased expression from
SRPK1 and TAOK1 may be due to an altered chromatin
structure and/or the separation of the promoter and
transcription units from a distant cis-acting regulatory
element. Further studies are needed to clarify the po-
tential role of these genes in mammalian development.

Fig. 3 Expression analysis of genes in the breakpoint regions. a A
182-FIP-LHFPL5 fusion transcript is detected in total RNA
derived from a lymphoblastoid cell line from the patient but not
in controls. A forward primer was located in exon 1 of the 182-FIP
gene and a reverse primer was located in exon 4 of the LHFPL5
gene. b Quantitative real time RT–PCR comparing levels of gene

expression to expression levels of b-actin in the patient and
controls. Error bars indicate one standard deviation. c The normal
expression pattern of the genes LHFPL5, 182-FIP, SRPK1 and
TAOK1 determined by tissue specific RT–PCR. The b-actin control
is expressed in all tissues

Table 1 Sequence alterations
identified in DNA from patients
with genital and/or anal
malformations

acDNA position

Gene Genbank
accession no.

Exon Sequence
alterationa

No. of
patients

No. of control
chromosomes

182-FIP NM_020772 2 A680G 1 0/112
182-FIP NM_020772 4 C2214T 1 0/116
182-FIP NM_020772 4 C2251A 1 0/116
182-FIP NM_020772 4 T2624C 1 0/116
182-FIP NM_020772 4 A3558G 1 2/112
182-FIP NM_020772 4 A4630G 1 0/110
LHFPL5 NM_182548 1 A246G 1 0/110
LHFPL5 NM_182548 2 T833C 1 0/112
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RT–PCR analysis of LCL-derived RNA from the
patient also revealed the presence of a 182-FIP-LHFPL5
fusion transcript with an open reading frame composed
of the first exon of 182-FIP and the last exon of LHFPL5.
If translated, this transcript results in the formation of a
unique protein consisting of the N-terminus of a normal
182-FIP protein and a C-terminus without similarities to
any known protein sequence or known functional do-
main (http://www.ncbi.nih.gov/Structure/cdd/
cdd.shtml). The 182-FIP-LHFPL5 fusion transcript will
be regulated by the 182-FIP promoter active in the colon,
kidney, liver, brain, lung and placenta. No clinical signs
related to the brain, lung or liver were detected in our
patient and it is possible that the resulting fusion protein
might have a dominant negative effect restricted to cer-
tain tissues. The other possible fusion transcript derived
from a LHFPL5-182-FIP fusion gene could not be de-
tected in RNA derived from patient LCLs. However, we
cannot exclude the existence of such a fusion transcript as
it would act under the regulation of the LHFPL5 pro-
moter which is inactive in lymphocytes.

Sequencing analysis of 21 patients with genital and/or
anal malformations revealed no mutation altering the
codons of the 182-FIP and LHFPL5 genes. Out of the
eight silent variations found, one was confirmed as a
polymorphism whereas, the rest were excluded in more
than 100 control chromosomes and are not yet con-
firmed as polymorphisms.

Few studies have so far identified candidate genes
involved in anorectal and urogenital development. Hori
et al. (2001) presented evidence for a susceptibility locus
on pig chromosome 15 for a form of AA in pigs which
has close similarities with those found in humans. In
addition to AA, the pigs also develop a fistula between
the anorectum and the urethra in males and a fistula
between the anorectum and the vagina in females. In
another study, GLI-Kruppel family member GLI2
(GLI2) -/- mutant mice showed imperforate anus and
recto-urethral fistula (Kimmel et al. 2000). GLI2 is a
sonic hedgehog (Shh) responsive transcription factor.
Shh is a secreted signalling protein that plays an
important role in various development processes (Kato
et al. 2001). In a recent study, expression of the proteins
Shh and bone morphogenic protein 4 (Bmp4) was dis-
rupted in both the urinary tract and the hindgut region
of mice embryos displaying ARMs when treated by a
teratogenic agent. These results indicate that the urinary
tract may undergo the same pathological process as seen
in the hindgut (Sasaki et al. 2004). Mutations in ephrin-
B2 result in severe hypospadias and incomplete or failed
cloacal septation indicating a role in midline cell–cell
adhesion and fusion events (Dravis et al. 2004). Fur-
thermore, there are several genes implicated in genital
malformation syndromes. Mutations in the WT1 gene
are associated with urogenital malformations and lack
of testosterone 5a-reductase type 2 results in feminiza-
tion of external male genitalia (Nordenskjold et al. 1999;
Pelletier et al. 1991). Partial androgen insensitivity syn-
dromes due to mutations in the androgen receptor may

also be associated with hypospadias and urogenital
malformations (Sutherland et al. 1996). Recent data
suggests that genes necessary for limb development play
a role in the formation of the genital tubercle (GT).
These genes include members of the fibroblast growth
factor (Fgf8 and Fgf10), Shh, Hox (Hoxa-13 Hoxd-13)
and the bone morphogenic protein genes Bmp4 and
Bmp7 (de Santa Barbara and Roberts 2002; Haraguchi
et al. 2001; Haraguchi et al. 2000; Morgan et al. 2003;
Mortlock and Innis 1997; Perriton et al. 2002; Podlasek
et al. 1997; Stadler 2003; Warot et al. 1997).

In this study, we describe a male patient with con-
genital urogential and anal malformations associated
with a balanced chromosomal rearrangement. We have
performed a detailed molecular characterization of this
rearrangement and have identified genes and mecha-
nisms behind the aberrant development of the urogenital
and anorectal systems. We suggest possible mechanisms
for the urogenital malformation in our patient to be
haploinsufficiency of the genes 182-FIP and/or
LHFPL5, gain of function of the fusion transcript, al-
tered expression of the genes flanking the breakpoints or
a combination of the above. Further screening of pa-
tients with similar phenotypes for mutations in these
genes may reveal additional support for our hypothesis.
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Cancer Society, The Sävstaholm Society, Torsten and Ragnar
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