PARTIAL MONOSOMY 9p (9p22.2(pter) AND PARTIAL TRISOMY 18q (18q21.32(qter) IN A FEMALE INFANT WITH ANORECTAL MALFORMATIONS
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Summary: Partial monosomy 9p (9p22.2(pter) and partial trisomy 18q (18q21.32(qter) in a female infant with anorectal malformations: We report a female infant with a karyotype of 46,XX,der(9)t(9;18)(p22.2;q21.32)pat and the phenotypic features of craniofacial dysmorphisms, developmental delay, hypotonia, horizontal nystagmus, strabismus, congenital heart defects, clubfoot, and anorectal malformations with an anterior ectopic anus and a stenosed anal opening.  Array comparative genomic hybridization revealed a 16.93-Mb deletion at 9p24.3-p22.2 encompassing the FREM1 gene and a 20.43-Mb duplication at 18q21.32-q23 encompassing the PIGN gene.  We speculate that dual genome imbalances in FREM1 at 9p22.3 and in PIGN at 18q21.3 are most likely responsible for the abnormal development of anorectum in this patient.
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INTRODUCTION

Del(9)(pter(p22), or “9p– syndrome” is a clinically well-defined syndrome with a distinct pattern of dysmorphisms such as trigonocephaly, synophrys, up-slanting palpebral fissures, hypertelorism, midface hypoplasia, short nose, depressed nasal bridge, anteverted nares, long philtrum, microstomia, high and narrow palate, and small posteriorly rotated ears; frequent anomalies of wide-set nipples, hernias, scoliosis, diastasis recti, hypoplastic labia majora, prominent labia minora and clitoris, cryptorchidism, hypospadias, long midphalanges of fingers, short and broad distal phalanges of fingers, square-shaped nails and foot position anomalies; frequent disorders of hypotonia, seizures and mental retardation; and less frequent malformations of congenital heart defects, microphthalmia, choanal atresia, stenostic external ear canals, cleft palate, diaphragmatic hernia, hydronephrosis, corpus callosum hypoplasia, cisterna magna enlargement and postaxial hexadactyly of the hands (3,4,7).

    Dup(18)(q21(qter) has distinctly milder dysmorphisms and malformations similar to trisomy 18 such as a prominent occiput, low-set and malformed ears, hypertelorism, strabismus, down-slanting palpebral fissures, small and upturn nose, prominent nasal bridge, long philtrum, high-arched palate, small chin and triangular face; disorders of mental retardation and seizures; and congenital anomalies of congenital heart and renal defects, malrotation, corpus callosum hypoplasia, choanal atresia, iridial coloboma, hypospadias and polydactyly (7).  Concomitant occurrence of del(9)(pter(p22) & dup(18)(q21.32(qter) is rare and has been associated with recurrent anorectal malformations (10).  Here, we report an additional case with anorectal malformations and discuss the genotype-phenotype correlation.
CASE REPORT

The 5-month-old female infant was the first child of a 33-year-old healthy mother and a 30-year-old healthy father.  There was no family history of congenital malformations, and the pregnancy was uneventful.  She was delivered at 41 weeks of gestation with a body weight of 2,650-g (< 3rd centile), a body length of 48 cm (15-50th centile) and a head circumference of 32 cm (3rd-15th centile).  After birth, she was found to have low-set ears, a small chin, widely spaced nipples, bilateral clubfoot, cardiac murmurs, patent ductus arteriosus, a ventricular septal defect and an anterior ectopic anus.  The anterior displacement of the anus with only 1 cm close proximity of the ectopic anus with the vagina and a stenosed anal opening were successfully corrected by anoplasty with anal shift.  After surgery, the anal formation was normal with satisfactory vulvo-anal distance without any stenosis.  Bilateral talipes equinovarus were also corrected by orthopedic management.  On examination at age of 5 months, her body weight was 4,100 g (< 3rd centile), body length was 60 cm (3rd centile), and she manifested developmental delay, hypotonia, horizontal nystagmus, strabismus, thin scalp hair, a triangular face, low-set ears, down slant palpebral fissures, midface hypoplasia and high-arched palate.  Cytogenetic analysis of the proband’s blood revealed a derivative chromosome 9 with an aberrant chromosomal segment on the distal part of the short arm of chromosome 9.  Oligonucleotide-based array comparative genomic hybridization (aCGH) analysis using CytoChip Oligo Array (BlueGnome, Cambridge, UK) revealed a 16.93-Mb deletion at 9p24.3-p22.2 encompassing the FREM1 gene and a 20.43-Mb duplication at 18q21.32-q23 encompassing the PIGN gene, or arr cgh 9p24.3p22.2 (194,221 – 17,126,261 bp)(1, 18q21.32q23 (55,668,766 – 76,103,226 bp)(3 (Fig. 1).  Cytogenetic analyses of the parents’ blood revealed a karyotype of 46,XX in the mother and a karyotype of 46,XY,t(9;18)(p22.2;q21.32) in the father.  The karyotype of the proband was 46,XX,der(9) t(9;18)(p22.2;q21.32)pat.

DISCUSSION
The peculiar aspect of the present case is the genotype-phenotype correlation of del(9)(p22(pter) & dup(18)(q21.3(qter) with an anterior ectopic anus and anal stenosis.  Tayel et al. (10) first reported del(9)(p22(pter) & dup(18)(q21.3(qter) in two sisters resulting from a maternal t(9;18)(p22;q21.3) translocation.  Both sisters had an anterior ectopic anus.  In a review of 16 cases with 9p deletion and 12 cases with 18q duplication, Tayel et al. (10) found only one case with 9p deletion was associated with an ectopic anus.  The present case and the case reported by Tayel et al. (10) raise the question whether gene dosage decrease in the chromosome region of 9p22(pter together with the gene dosage increase in the chromosome region of 18q21.3(qter could be implicated in the embryonic maldevelopment of the anorectum.

    The present case had chromosome 9p deletion, del(9)(p22.2(pter), encompassing the region of FREM1 (14,734,663 – 14,910,992 bp) at 9p22.3.  FREM1 (OMIM 608944) encodes a basement membrane protein of FRAS1-related extracellular matrix protein 1 which plays an independent role in epidermal differentiation and is required for epidermal adhesion during embryonic development (9).  FREM1 mutations cause bifid nose with or without anorectal and renal anomalies (BNAR; OMIM 608980) (2) and Manitoba oculo-tricho-anal syndrome (MOTA; OMIM 248450) (8).  Al-Gazali et al. (1) first reported BNAR in a family in which four children had a bifid nose and renal and anorectal malformations.  In that family, anorectal anomalies were observed in ¾ of the patients including anteriorly placed anus (3 cases), stenosis of the anal opening (3 cases), rectal atresia (1 case) and recto-vaginal fistula (1 case).  Alazami et al. (2) identified homozygous mutations of FREM1 in the patients with BNAR.  Slavotinek et al. (8) also identified homozygosity or compound heterozygosity for the FREM1 mutations in the patients with MOTA.  In a study of homozygous Frem1-mutant mice, Slavotinek et al. (8) found that Frem1 is involved in anal and craniofacial development, and the homozygotes manifested anal prolapse, failure of eyelid formation, defects in the formation of conjunctiva, absence of corneal epithelium, reduced snout length, and shorter philtrum-columella height, greater intercanthal distence and greater midface asymmetry when compared to the heterozygotes.

    The present case had chromosome 18q duplication, dup(18)(q21.32(qter), encompassing the region of PIGN (59,711,456 – 59,854,288 bp) at 18q21.33.  PIGN (OMIM 606097) encodes phosphatidylinositol-glycan biosynthesis class N protein which is involved in glycosylphosphatidylinositol (GPI)-anchor biosynthesis.  Mutations in the PIGN gene cause multiple congenital anomalies-hypotonia-seizures syndrome (MCAHS; OMIM 614080) (5).  MCAHS has been associated with anorectal anomalies such as anal stenosis, imperforate anus and ano-vestibular fistula (5).  On the other hand, mutations in the PIGV gene, another member of PGI-anchor biosynthesis pathway, cause Mabry syndrome (6).  Mabry syndrome has been associated with anorectal malformations such as an anteriorly placed anus and ano-vestibular fistula in addition to hyperphosphatasia, hypotonia, epilepsy and mental retardation.
    In summary, we report an additional case of del(9)(p22(pter) & dup(18)(q21.32(qter) in association with anorectal malformations.  We speculate that dual genome imbalances in FREM1 at 9p22.3 and in PIGN at 18q21.3 are most likely responsible for the abnormal development of anorectum in this patient.
ACKNOWLEDGEMENTS

This work was supported by research grants NSC-97-2314-B-195-006-MY3 and NSC-99-2628-B-195-001-MY3 from the National Science Council, and MMH-E-100-04 from Mackay Memorial Hospital, Taipei, Taiwan.

REFERENCES

1. AL-GAZALI L.I., BAKIR M., HAMUD O.A., GERAMI S.: An autosomal recessive syndrome of nasal anomalies associated with renal and anorectal malformations.  Clin. Dysmorph., 2002, 11, 33-38.

2. ALAZAMI A.M., SHAHEEN R., ALZAHRANI F., SNAPE K., SAGGAR A., BRINKMANN B., BAVI P., AL-GAZALI L.I., ALKURAYA F.S.: FREM1 mutations cause bifid nose, renal agenesis, and anorectal malformations syndrome.  Am. J. Hum. Genet., 2009, 85, 414-418.

3. CHEN C.-P., LIN S.-P., LEE C.-C., TOWN D.-D., WANG W.: Partial trisomy 1p (1p36.22(pter) and partial monosomy 9p (9p22.2(pter) associated with achalasia, flexion deformity of the fingers and epilepsy in a girl.  Genet. Couns., 2006, 17, 301-306.
4. CHEN C.-P., SU Y.-N., CHERN S.-R., HSU C.-Y., TSAI F.-J., WU P.-C., LEE C.-C., CHEN Y.-T., LEE M.-S., WANG W.: Inv dup del(9p): prenatal diagnosis and molecular cytogenetic characterization by fluorescence in situ hybridization and array comparative genomic hybridization.  Taiwan. J. Obstet. Gynecol., 2011, 50, 67-73.
5. MAYDAN G., NOYMAN I., HAR-ZAHAV A., NERIAH Z.B., PASMANIK-CHOR M., YEHESKEL A., ALBIN-KAPLANSKI A., MAYA I., MAGAL N., BIRK E., SIMON A.J., HALEVY A., RECHAVI G., SHOHAT M., STRAUSSBERG R., BASEL-VANAGAITE L.: Multiple congenital anomalies-hypotonia-seizures syndrome is caused by a mutation in PIGN.  J. Med. Genet., 2011, 48, 383-389.

6. KRAWITZ P.M., SCHWEIGER M.R., RÖDELSPERGER C., MARCELIS C., KÖLSCH U., MEISEL C., STEPHANI F., KINOSHITA T., MURAKAMI Y., BAUER S., ISAU M., FISCHER A., DAHL A., KERICK M., HECHT J., KÖHLER S., JÄGER M., GRÜNHAGEN J., ET AL.: Identity-by-descent filtering of exome sequence data identifies PIGV mutations in hyperphosphatasia mental retardation syndrome.  Nat. Genet., 2010, 42, 827-829.

7. SCHINZEL A.: Catalogue of Unbalanced Chromosome Aberrations in Man. A. Schinzel (ed.). Berlin, de Gruyter, 2001, 399-400, 759-762.

8. SLAVOTINEK A.M., BARANZINI S.E., SCHANZE D., LABELLE-DUMAIS C., SHORT K.M., CHAO R., YAHYAVI M., BIJLSMA E.K., CHU C., MUSONE S., WHEATLEY A., KWOK P.-Y., ET AL.: Manitoba-oculo-tricho-anal (MOTA) syndrome is caused by mutations in FREM1.  J. Med. Genet., 2011, 48, 375-382.

9. SMYTH I., DU X., TAYLOR M.S., JUSTICE M.J., BEUTLER B., JACKSON I.J.: The extracellular matrix gene Frem1 is essential for the normal adhesion of the embryonic epidermis.  Proc. Nat. Acad. Sci. USA, 2004, 101, 13560-13565.  

10. TAYEL S.M., KURCZYNSKI T.W., CASPERSON S., MCCORQUODALE M.M.: Deletion 9p, duplication 18q in two sisters resulting from a maternal (9;18)(p22;q21.3) translocation.  Am. J. Med. Genet., 1988, 31, 853-861.
FIGURE LEGEND

Figure 1.
Oligonucleotide-based array comparative genomic hybridization analysis reveals a 16.93-Mb deletion at 9p24.3-p22.2 encompassing the FREM1 gene and a 20.43-Mb duplication at 18q21.32-q23 encompassing the PIGN gene, or arr cgh 9p24.3p22.2 (194,221 – 17,126,261 bp)(1, 18q21.32q23 (55,668,766 – 76,103,226 bp)(3 (NCBI, build 36, March 2006).
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