Available online at www.sciencedirect.com
SciVerse ScienceDirect @
SR R ——
ELSEVIER Taiwanese Journal of Obstetrics & Gynecology 50 (2011) 506—511

www.tjog-online.com

Case Report

Wolf-Hirschhorn (4p-) syndrome: Prenatal diagnosis, molecular cytogenetic
characterization and association with a 1.2-Mb microduplication at 8p22-
p21.3 and a 1.1-Mb microduplication at 10p15.3 in a fetus with an
apparently pure 4p deletion
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Abstract

Objective: To present prenatal diagnosis and molecular cytogenetic characterization of Wolf-Hirschhorn syndrome (WHS) associated with
microduplications at 8p and 10p in a fetus with an apparently pure 4p deletion.

Case Report: A 35-year-old gravida 2, para 1 woman underwent amniocentesis at 18 weeks of gestation because of advanced maternal age. Her
husband was 38 years of age. There was no family history of congenital malformations. Amniocentesis revealed a karyotype of
46,XY,del(4p16.1). The parental karyotypes were normal. Array comparative genomic hybridization (aCGH) analysis revealed a 6.5-Mb deletion
at 4pl6.3-pl6.1, a 1.2-Mb microduplication at 8p22-p21.3, and a 1.1-Mb microduplication at 10p15.3, or arr cgh 4pl16.3pl6.1
(0—6,531,998 bp) x 1, 8p22p21.3 (18,705,388—19,940,445 bp)x3, 10p15.3 (0—1,105,065 bp)x3. Polymorphic DNA marker analysis confirmed
a paternal origin of 4p deletion. Prenatal ultrasound revealed facial dysmorphism and hypospadias. The aCGH analysis of the parents revealed no
genomic imbalance. Fluorescence in sifu hybridization study showed an unbalanced reciprocal translocation between chromosomes 4 and 10 at
bands 4pl16.1 and 10p15.3. The cytogenetic result, thus, was 46,XY,der(4)t(4;10)(p16.1;p15.3),dup(8)(p21.3p22). The parents elected to
terminate the pregnancy, and a 470-g malformed fetus was delivered.

Conclusion: The present case provides evidence that an apparently pure 4p deletion can be associated with subtle chromosome imbalances in
other chromosomes.

Copyright © 2011, Taiwan Association of Obstetrics & Gynecology. Published by Elsevier Taiwan LLC. All rights reserved.
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[2] as multiple congenital anomalies and mental retardation
caused by partial deletion of 4p. WHS is associated with
a hemizygous deletion of chromosome 4p16.3 and is char-
acterized by the “Greek warrior helmet” appearance of the
nose, high forehead, prominent glabella, hypertelorism, high
arched eyebrows, protruding lips, epicanthic folds, pre- and
postnatal growth deficiency, mental retardation, seizures,
hypotonia, and closure defects, such as cleft palate, hypo-
spadias, ocular colobomas and cardiac septal defects [3.4].
The frequency of WHS is estimated as 1/20,000—1/50,000
births, and there is a female: male ratio of 2:1 [3]. Here, we
report prenatal diagnosis and molecular cytogenetic charac-
terization of a fetus with WHS and microduplications of 8p
and 10p. To our knowledge, such a case has not previously
been described.

Case report

A 35-year-old gravida 2, para 1 woman was referred for
amniocentesis at 18 weeks of gestation because of advanced
maternal age. Her husband was 38 years of age. There was no
family history of congenital malformations. Amniocentesis
revealed a karyotype of 46,XY,del(4pl6.1) (Fig. 1). The
parental karyotypes were normal. The parents requested
repeated amniocentesis at 21 weeks of gestation. Array
comparative genomic hybridization (aCGH) analysis of
uncultured amniocytes using oligonucleotide-based Oligo HD
Scan (CMDX, Irvine, CA, USA) revealed a 6.5-Mb deletion
at 4p16.3-p16.1, a 1.2-Mb microduplication at 8p22-p21.3,
and a 1.1-Mb microduplication at 10p15.3 or arr cgh
4p16.3p16.1 (0—6,531,998 bp)x1, 8p22p21.3 (18,705,388—
19,940,445 bp)x3, 10p15.3 (0—1,105,065 bp)x3 (Fig. 2)
[University of California Santa Cruz genome browser on
human, March 2006 (National Center for Biotechnology
Information 36/human genome 18) assembly]. Metaphase

fluorescence in situ hybridization (FISH) analysis of cultured
amniocytes using a 10p15.3-specific bacterial artificial chro-
mosome (BAC) clone probe RP11-14512 (214,406—216,399;
spectrum red) and a 4pl6.1-specific BAC clone probe
RP11-89K12 (6,207,318—6,377,316; spectrum green) showed
absence of a green signal and presence of a red signal on the
short arm of the derivative chromosome 4, presence of a red
signal on each of the two chromosomes 10, and presence of
a green signal on one chromosome 4 (Fig. 3). The result was
consistent with an unbalanced reciprocal translocation
between chromosomes 4 and 10 at bands 4pl6.1 and
10p15.3. The cytogenetic result, thus, was 46,XY,der(4)
t(4;10)(p16.1;p15.3),dup(8)(p21.3p22). Polymorphic DNA
marker analysis confirmed a paternal origin of the deletion
(Fig. 4, Table 1). Prenatal ultrasound revealed midface
hypoplasia, micrognathia, hypertelorism, and hypospadias
(Fig. 5). The aCGH analysis of the parents revealed no
genomic imbalance. The parents elected to terminate the
pregnancy, and a 470-g malformed fetus was delivered with
facial dysmorphism and ear tags (Fig. 6). Postnatal cytoge-
netic analysis of the cord blood confirmed the prenatal
diagnosis.

Discussion

The WHS critical region at 4p16.3 includes WHS candidate
genes of WHSC1 (WHS candidate gene 1) (OMIM 602952)
[5], WHSC2 (WHS candidate gene 2) (OMIM 606026) [6,7,8],
and LETMI1 (leucine zipper/EF-hand-containing trans-
membrane protein 1) (OMIM 604407) [9]. WHSC1 functions
in transcriptional regulation together with developmental
transcription factors to prevent the inappropriate transcription
and the consequent pathophysiologies. WHSC?2 is a subunit of
negative elongation factor (NELF) complex which functions
in histone mRNA maturation. LETM1 is a regulator of
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Fig. 1. A karyotype 46,XY,del(4)(p16.1). The arrow indicates the breakpoint. del = deletion.



508 C.-P. Chen et al. / Taiwanese Journal of Obstetrics & Gynecology 50 (2011) 506—511

arr 4p16.3p16.1 (0-6,531,998)x1  6.5Mb deletion

¢ pies Bie= Bie.1
s ey S Sy 1 e O L, O S S
e e i e = T T e e s
L= AT E L — T — _— e ———; . _— e
iR A, hea-rmir-571 hea-rmir-aas hEa-rair-95 hea-mir-sasi-2
A — o= T = T - =
2=
e r
15 -
1.0
= o 4
- e~ S
o For s oe = = =
-5 — = - -
1.0 -
cxvm o
-
=5
[=] = Mb - Mb & Mb a Mb 10 M
25215741 1607-MK-1S3-top: Chromosome <4
arr 8p22p21.3(18,705,388-19,940,445)x3  1.2Mb microduplication
p21.3
e s ——— s
Genes PSD3
e e B e ey Oy L o o oneny S oo L e Do
Exone
xocs - i . . i iy
ey
BacHDscanV4 RP11-326L2 RP11-4902K21 RP11-185A9
2.5
2.0 -
1.5
1.0
.5 - = P Sl M =
J - - — P —— = - - -
° - - _ = - e tee, - - = - ——— bl IR — =
Tt - S e ™ - - = . - 1
-.5 = - - -
-1.0 -
-1.5 -
-2.0 -
-2.5 T T T T T
17 Mb 18 Mb 19 Mb Z0 Mb 21 Mb
252157411607-MK-153-top: Chromosome 8
arr 10p15.3(0-1,105,065)x3  1.1Mb microduplication
p1S5.3
Senes TI_/B!BE‘ ZMYIHe 11 DIp2c < 100rfFl0os LARPAB A ADARB2
ot e R o e ™
CHYs - - - - e
enifris,
PR P
BacHDEcanV4 RP11-1077M19 CTD-2607C13 RP11-7aH9
2.5
2.0 1
1.5 -
1.0 —
= ST --- P - s e == = P - -
- = = i - = —— * - & & - e o =
o ~ e —
5 o
-1.0 -
-1.5 -
-2.0 -
-2.5 T T T T T T T
o 0.25 Mb 0.50 Mb 0.75 Mb 1.00 Mb 1.25 Mb 1.50 Mb

25215741 1607-MK-153-top: Chromosome 10

Fig. 2. Array comparative genomic hybridization (aCGH) analysis using oligonucleotide-based Oligo HD Scan (CMDX, Irvine, CA, USA) reveals a 6.5-Mb
deletion (0—6,531,998 bp) at 4pl16.3-p16.1, a 1.2-Mb microduplication (18,705,388—19,940,445 bp) at 8p22-p21.3, and a 1.1-Mb microduplication
(0—1,105,065 bp) at 10p15.3.
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4p16.1; 6,207

Fig. 3. Metaphase fluorescence in situ hybridization analysis of cultured
amniocytes using a 10p15.3-specific bacterial artificial chromosome (BAC)
clone probe RP11-14512 (214,406—216,399; spectrum red) and a 4pl6.1-
specific BAC clone probe RP11-89K12 (6,207,318—6,377,316; spectrum
green) shows absence of a green signal and presence of a red signal on the
short arm of the derivative chromosome 4 [der(4)], presence of a red signal on
each of the two chromosomes 10 (chr. 10), and presence of a green signal on
one chromosome 4 (chr. 4).

mitochondrial Ca*" and H" concentrations and functions as
a mitochondrial Ca>"/H ™" antiporter. It has been suggested that
characteristic WHS facial dysmorphism is associated with
haploinsufficiency of WHSCI, and seizure is associated with
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Fig. 4. Representative electrophoretograms of quantitative fluorescent poly-
merase chain reaction assays at short tandem repeat markers specific for
chromosome 4p16.2 using fetal and parental DNAs. With the markers
D4S2375 (4p16.2) and D4S2285 (4p16.2), only the allele of 269 bp (maternal)
and 299 bp (maternal), respectively, is present in the fetus, indicating maternal
inheritance in 4p16.2 and a paternal origin of the deletion.

Table 1
Molecular results using polymorphic DNA markers specific for chromosome
4p*.

Markers Location Father Mother Fetus
D4S2375 4pl6.2 277, 293 269, 269 269
D4S2285 4pl6.2 283, 283 299, 299 299
D4S2366 4pl6.1 113, 121 113, 113 113, 121

* Alleles (basepair sizes) are listed below each individual.

haploinsufficiency of LETM1 [4]. The present case had a 6.5-
Mb deletion of 4pl16.3-pl6.1 of paternal origin and hap-
loinsufficiency of the genes of WHSC1, WHSC2, and LETM 1.

Prenatal diagnosis of WHS has been well described
[10—16]. The prenatal ultrasound findings of WHS include
intrauterine growth restriction (IUGR), facial dysmorphism of
midface hypoplasia and “Greek warrior helmet” appearance of
the nose, midline fusion defects such as facial cleft, hypo-
spadias, agenesis of the corpus callosum and cardiac septal
defects, congenital diaphragmatic hernia, renal hypoplasia,

Fig. 5. (A) Two-dimensional and (B) three-dimensional ultrasound demon-
stration of midface hypoplasia and micrognathia.
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Fig. 6. (A) and (B) The craniofacial appearance with low-set ears and ear tags of the fetus at birth.

foot deformity, increased nuchal translucency and cystic
hygromas. The present case was associated with facial dys-
morphism and hypospadias on prenatal ultrasound.

The peculiar aspect of the present case is the association
with a 1.2-Mb 8p microduplication at 8p22-p21.3, a 1.1-Mb
10p microduplication at 10p15.3 and an unbalanced recip-
rocal translocation between chromosomes 4 and 10 at bands
4p16.1 and 10pl5.3. Unbalanced reciprocal translocation
between 4pl6 and 10pl5 associated with WHS has been
previously reported. Zollino et al [4] reported a 3.5-Mb 4p
deletion and a 4-Mb 10p duplication in a WHS patient with an
unbalanced translocation of t(4;10)(p16.3;p15)mat. The
present case had gene dosage increase of isopentenyl-
diphosphate delta-isomerase (IDI) [IDI1 (OMIM 604055)
and IDI2] at 10pl15.3. IDI plays an essential role in the
biosynthesis of cholesterol. Recently, Kato et al [17] found
a segmental copy-number gain in many patients with sporadic
amyotrophic lateral sclerosis in the IDI1/IDI2 gene region at
10p15.3 subtelomere. The IDII/IDI2 gene region contains
multiple low-copy repeats and instability which may trigger
a segmental gain by an unequal crossing-over or end-joining
event [18,19]. Unbalanced translocations account for 22% of
the cases with WHS [4]. In cases of unbalanced translocations
associated with WHS, the aberrations usually originate in the
paternal meiosis, and partial trisomy 8p caused by unbalanced
t(4;8)(p16;p23) is the most frequent concomitant aneuploidy
[4]. The frequent occurrence of t(4;8)(pl6;p23) has been
hypothesized to be due to the locations of olfactory receptor
(OR)-gene clusters on both 4p16 and 8p23 [20], non-allelic
homologous recombination between the OR-gene clusters
[21], and extensive normal copy number variation of a [-
defensin antimicrobial gene cluster of DEFB4, DEFB103, and
DEFBI04 at 8p23.1 [22].

In summary, we have presented prenatal diagnosis and
molecular cytogenetic characterization of WHS associated
with microduplications at 8p and 10p. The present case

provides evidence that a seemly pure 4p deletion of paternal
origin can be associated with subtle chromosome imbalances
in other chromosomes. Our presentation highlights the
usefulness of aCGH and FISH in genetic analysis of prenatally
detected chromosome aberration.

Acknowledgments

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] Wolf U, Reinwein H, Porsch R, Schroter R, Baitsch H. Defizien an den
kurzen Armen eines Chromosoms Nr 4. Humangenetik 1965;1:397—413.
[2] Hirschhorn K, Cooper HL, Firschein IL. Deletion of short arms of
chromosome 4—5 in a child with defects of midline fusion. Human-
genetik 1965;1:479—82.
Battaglia A, Filippi T, Carey JC. Update on the clinical features and
natural history of Wolf-Hirschhorn (4p-) syndrome: experience with 87
patients and recommendations for routine health supervision. Am J Med
Genet C Semin Med Genet 2008;148C:246—51.
Zollino M, Murdolo M, Marangi G, Pecile V, Galasso C, Mazzanti L,
et al. On the nosology and pathogenesis of Wolf-Hirschhorn syndrome:
genotype-phenotype correlation analysis of 80 patients and literature
review. Am J Med Genet C Semin Med Genet 2008;148C:257—609.
Stec I, Wright TJ, van Ommen G-JB, de Boer PAJ, van Haeringen A,
Moorman AFM, et al. WHSC1, a 90 kb SET domain-containing gene,
expressed in early development and homologous to a Drosophila dys-
morphy gene maps in the Wolf-Hirschhorn syndrome critical region and
is fused to IgH in t(4;14) multiple myeloma. Hum Mol Genet 1998;7:
1071-82.
Wright TJ, Ricke DO, Denison K, Abmayr S, Cotter PD, Hirschhorn K,
et al. A transcript map of the newly defined 165 kb Wolf-Hirschhorn
syndrome critical region. Hum Mol Genet 1997;6:317—24.
Wright TJ, Costa JL, Naranjo C, Francis-West P, Altherr MR. Compar-
ative analysis of a novel gene from the Wolf-Hirschhorn/Pitt-Rogers-
Danks syndrome critical region. Genomics. 1999;59:203—12.

[3

—

[4

=

[5

—_

[6

—_

[7

—



(8]

[9

—

[10]

[11]

[12]

[13]

[14]

C.-P. Chen et al. / Taiwanese Journal of Obstetrics & Gynecology 50 (2011) 506—511

Zollino M, Lecce R, Fischetto R, Murdolo M, Faravelli F, Selicorni A,
et al. Mapping the Wolf-Hirschhorn syndrome phenotype outside the
currently accepted WHS critical region and defining a new critical
region, WHSCR-2. Am J Hum Genet 2003;72:590—7.

Endele S, Fuhry M, Pak S-J, Zabel BU, Winterpacht A. LETM1, a novel
gene encoding a putative EF-hand Ca®>*-binding protein, flanks the Wolf-
Hirschhorn syndrome (WHS) critical region and is deleted in most WHS
patients. Genomics 1999;60:218—25.

Chen C-P, Chern S-R, Lee C-C, Chen W-L, Chen M-H, Chang K-M. De
novo unbalanced translocation resulting in monosomy for proximal 14q
and monosomy for distal 4p in a fetus with intrauterine growth retar-
dation, Wolf-Hirschhorn syndrome, hypertrophic cardiomyopathy and
partial hemihypoplasia. ] Med Genet 1998;35:1050—3.

Chen C-P, Hsu C-Y, Lee C-C, Chen W-L, Chen L-F, Wang W. Prenatal
diagnosis of de novo pure partial monosomy 4p (4pl5.1—pter) in
a growth-restricted fetus with a Greek warrior helmet face and unilateral
facial cleft on three-dimensional ultrasound. Prenat Diagn 2004;24:934—6.
Chen C-P, Chen Y-J, Tsai F-J, Chern S-R, Chang T-Y, Lee C-C, et al.
Prenatal diagnosis of concomitant Wolf-Hirschhorn syndrome and split
hand foot malformation associated with partial monosomy 4p
(4p16.1 —pter) and partial trisomy 10q (10g25.1 — qter). Prenat Diagn
2008;28:450—3.

De Keersmaecker B, Albert M, Hillion Y, Ville Y. Prenatal diagnosis of
brain abnormalities in Wolf-Hirschhorn (4p-) syndrome. Prenat Diagn
2002;22:366—70.

Boog G, Le Vaillant C, Collet M, Dupré PF, Parent P, Bongain A, et al.
Prenatal sonographic patterns in six cases of Wolf-Hirschhorn (4p-)
syndrome. Fetal Diagn Ther 2004;19:421—30.

511

[15] Dietze 1, Fritz B, Huhle D, Simoens W, Piecha E, Rehder H. Clinical,

[16

[17

[18

[19

[20

[21

[22

1

1

1

cytogenetic and molecular investigation in a fetus with Wolf-Hirschhorn
syndrome with paternally derived 4p deletion. Fetal Diagn Ther 2004;19:
251—-60.

South ST, Corson VL, McMichael JL, Blakemore KJ, Stetten G. Prenatal
detection of an interstitial deletion in 4pl5 in a fetus with an increased
nuchal skin fold measurement. Fetal Diagn Ther 2005;20:58—63.

Kato T, Emi M, Sato H, Arawaka S, Wada M, Kawanami T, et al.
Segmental copy-number gain within the region of isopentenyl diphos-
phate isomerase genes in sporadic amyotrophic lateral sclerosis. Bio-
chem Biophys Res Commun 2010;402:438—42.

Sharp AJ, Locke DP, McGrath SD, Cheng Z, Bailey JA, Vallente RU,
et al. Segmental duplications and copy-number variation in the human
genome. Am J Hum Genet 2005;77:78—88.

Itsara A, Cooper GM, Baker C, Girirajan S, Li J, Absher D, et al. Pop-
ulation analysis of large copy number variants and hotspots of human
genetic disease. Am J Hum Genet 2009;84:148—61.

Giglio S, Calvari V, Gregato G, Gimelli G, Camanini S, Giorda R, et al.
Heterozygous submicroscopic inversions involving olfactory receptor-
gene clusters mediate the recurrent t(4;8)(p16;p23) translocation. Am J
Hum Genet 2002;71:276—85.

Maas NMC, Van Vooren S, Hannes F, Van Buggenhout G, Mysliwiec M,
Moreau Y, et al. The t(4;8) is mediated by homologous recombination
between olfactory receptor gene clusters, but other 4p16 translocations
occur at random. Genet Couns 2007;18:357—65.

Hollox EJ, Armour JA, Barber JC. Extensive normal copy number
variation of a beta-defensin antimicrobial-gene cluster. Am J Hum Genet
2003;73:591—600.



	Wolf-Hirschhorn (4p-) syndrome: Prenatal diagnosis, molecular cytogenetic characterization and association with a 1.2-Mb mi ...
	Introduction
	Case report
	Discussion
	Acknowledgments
	References


