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Detection of 4p16.3 deletion and 11p15.5p15.4 gain in a boy by comparative genomic

hybridization array: A case report

INTRODUCTION

One of the most common chromosomal abnormalities in humans is reciprocal
translocation. Balanced reciprocal translocations occur in approximately 1 in 600
peoplelll. Most carriers of balanced reciprocal translocations have normal phenotypes.
However, molecular analyses have shown that in patients witEbnormal phenotypes,
seemingly balanced reciprocal chromosome translocations are accompanied by a
chromosomal imbalance at the translocation break points or elsewhere in the genomel?l.

Segmental duplicaéons (SDs) or low copy repeats (LCRs) comprise 6.6% of the
human genome and play an important role in the origin of genomic disorders. LCRs
mainly cluster at pericentromeric, subtelomeric, and interstitial loci throughout the
genome. LCRs are DNA blocks at least 1 kb in length. Recurrent genomic disorders
result from meiotic misalignment of these blocks, which have very high sequence
identity (> 90%). This meiotic misalignment rearranges the segment through nonallelic
homologous recombination (NAHR), resulting in one chromatid with a deletion and
another chromatid with reciprocal duplication. The consequent duplication syndromes
usually have a milder phenotype than the deletion syndromes. Gene losses generally
result in more severe phenotypic findingsPl.

Wolf-Hirschhorn syndrome (WHS; OMIM 194190) is a microdeletion syndrome
characterized by abnormal craniofacial features, prenatal and postnatal growth
retardation, microcephaly, mental delay, seizures, and congenital heart

malformationsl4l.
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According to the literature, there is also considerable variability in the WHS
phenotype, mostly due to differences in the underlying genomic defect. However, there
is a core phenotype defined by short stature, low body weight, intellectugl disability,
“Greek warrior helmet” facies, seizures, and severe growth retardationl5l. Some of the
structural defects, such as cleft lip and palate, occur more frequently in individuals with
deletions larger than 3 megabases (Mb)[¢l.

WHS is caused by deletions in WHS critical regions 1 and 2 (WHSCR-1/2). WHSCR-1
is located approximately 2 Mb from the end of the chromosomal 4p16.3 region and
encompasses the very closely situated WHS candidate 1 apd 2 genes (WHSC1/WHSC2).
WHSCR-2 is located at a distance of approximately 1.4-1.9 Mb from the end of the
chromosomal 4p16.3 region and includes important genes such as FGFR3, LETMI,
MSX, and WHSC1I7L.

Silver-Russell syndrome (SRS; OMIM 180860) and Beckwith-Wiedemann syndrome
(BWS; OMIM 130650) arﬁacongenital imprinting disorders that affect growth in
clinically opposite ways. The expression of both syndromes usually depends on
parental origin of the chromosome with the imprinted genes!®l. Paternal replication of
the 11p15 chromosome region mahresult in BWS, while maternal replication of the
same region can result in SRS. These two syndromes have numerous opposing
phenotypes, particularly with respect to growth parameters. Differences in phenotype

have been attributed to altered dosage of the imprinted genes that control growth

within this region of 11p150l.

CASE PRESENTATION

Chief complaints
A child with findings of developmental delay, cleft palate, hearing loss, and mental

retardation was referred for genetic analysis.

History of present illness
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Cleft palate was present from birth. Other findings emerged during postnatal

development.

History of past illness

Unremarkable.

Personal and family history

Unremarkable.

Physical examination

Cleft palate was present.

boratory examinations
Informed consent was obtained from the patient’s family. Karyotype analysis was first
performed from a peripheral blood sample accordi%to the conventional cytogenetic
analysis procedure. Analysis results were evaluated according to th(ﬁ[]l?r International
System for Human Cytogenetic Nomenclature. As the second step, genomic DNA was
obtained from the peripheral blood sample using the QIAamp DNA Blood Midi Kit
(Qiagen, Hilden, Germany) according to the manufacturer's protocol, for use in
comparative genomic hybridization (CGH) array analysis. Enzyme cleavage, labeling,
purification, hybridization, and post-hybridization washing were performed according
to the working protocol from Agilent Technologies, Inc. The Agilent Oligonucleotide
Microarray (8x60K microarray system) platform was used and the results were

analyzed using Agilent CytoGenomic Edition 2.5.8.1/GRCh 37 /hg19) software.

Imaging examinations

There is not imaging examination in the case.

FINAL DIAGNOSIS
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Karyotype analysis yielded normal results. CGH array analysis revealed a loss of 3,776

kb in the 4p16.3 region and gain of 3,201 kb in the 11p15.5p15.4 region (Figure 1). The
genes in the relevant regions are shown in Table 1. This case report aimed to present the

genotype-phenotype relationship in light of the literature

TREATMENT

The case did not receive any treatment.

OUTCOME AND FOLLOW-UP

Genetic counseling was given to the family.

DISCUSSION
The loss in the 4p16.3 region in our patient is consistent with WHS (OMIM 194190). In
this case, cleft palate was present as a craniofacial feature. Such structural defects in
WHS are more common in individuals with deletions of more than 3 Mbl®l, as in our
case. The delays in growth and cognitive development observed in w‘ patient were
also consistent with WHSIl, Definitive clinical signs are mapped to a 1.9-Mb region of
4p16.3 identified as a critical region (WHSCR-2), Typical WHS is a contiguous gene
deletion disorder because evidence indicates that the core phenotype is caused by
h insufficiency of numerous genes in the deleted critical region(>10l.
Wolf-Hirschhorn syndrome candidate 1 (WHSC1), also known as NSD2 and MMSET,
is a histope-modifying enzyme related to both the characteristic facies and growth
delay"l. WHSCI is a neurodevelopmental gene associated with growth delay,
intellectual disability, and facial dysmorphism[2. WHSC1 deletion is associated with
many characteristic WHS features, including the distinct facial appearancel!?l. WHSC1-
mutant mice exhibited characteristics similar to some phenotypic features of WHS in
humans, including developmental delay, growth retardation, heart defects, and midline

and craniofacial defects. While heterozy gous mice survived with varying degrees of the
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WHS phenotype, homozygotes showed more severe phenotypes and died shortly after
birthl11],

Leucine Zipper/EF-hand-containing transmembrane protein 1 deletion has been
associated with seizures(!3], while oligodontia has been associated with MSX1 loss of
functionl'415], No causal gene (or genes) for hearing loss have yet been identified in
WHS. Ahmed et all”l showed that WHSCI loss of function leads to failure of hair cell
organization and stereocilia formation and innervation defects in the cochlea.

The overgrowth disorder BWS and growth restriction disorder SRS have been
associated with various epigenetic and genetic defects affecting a set of imprint genes
on chromosome 11p15.511%l. Two imprinting control regions (ICR1 and ICR2) located in
chromosomal region 11p15 control fetal and postnatal growth. ICRI contains the
maternally expressed H19 gene and paternally expressed IGF2 gene, while ICR2
contains the maternally expressed KCNQ1 and CDKNIC genes and the paternally
expressed KCNQ1OT1 gene. Normally, genes expressed in one allele are imprinted
(methylated) and silenced in the other allele. Imprinting disorders lead to abnormal
expression of these genes and the clinical phenotypes of SRS or BWSI'7l. In mouse
models, knockouts lacking both the IGF2 and KCNQ1OT1 genes show fetal growth
restriction, while ICR1 defects leading to biallicular IGF2 expression or transactivation
of the IGF2 gene lead to fetal overgrowth. BWS is characterized by prenatal and
postnatal  overgrowth, organomegaly, abdominal wall defects, frequent
hemihyperplasia, and an increased risk of childhood tumors. This syndrome is caused
by genetic or epigenetic changes in the imprinted 11pl5 region, leading to
downregulation of maternally expressed geneﬁ and upregulation of paternally
expressed genes, including IGF2. In contrast, chromosome 11p15 duplications of
maternal origin have identified in patients with fetal growth retardation and SRS
(OMIM 180860). SRS is a clinically heterogeneous syndrome with prenatal and
postnatal growth retardation, first described by Silver and Russell. It may present with

short stature, prominent forehead, triangular face, low-set ears, clinodactyly of the fifth

5/13




fingers, cafe-au-lait spots, genital abnormalities, blue sclera, syndactyly of the toes, and

severe feeding difficultiesl!$l.

The role of imprinting errors in SRS_was first suggested because of maternal
uniparental disomy 7 (UPD7) detected in 5%-10% of cases. More recently, loss of
paternal methylation of ICR1 or maternal duplication of 11p15 has been demonstrated
in one-third of SRS cases. In contrast to BWS, these defects result in IGF2 silencing and
CDKNIC activation, respectively['¢l. In summary, the etiology of SRS involves maternal
UPD7, ICR1 hypomethylation, ICR2 hypomethylation, maternal duplication of the
11p15 region (ICR1 and/or ICR2), other chromosomal anomalies, maternal UPD11,

KNIC gene mutations (gain-of-function mutation) HMGA2 gene mutations,
structural mutations in the H19/IGF2 enhancer region, paternal IGF2 nonsense
mutations, and conditions of unknown etiology!8l.

Genetic analysis of the patient’s parents could not be performed because they did not
return to the center. This is a limitation of our case report. From a genomic point of
view, because of the patient’s 4p16.3 deletion and 11p15.5p15.4 duplication, we predict
that a 4;11 translocation occurred in the family at least one generation earlier.

No phenotypic anomaly or mental retardation was present in any other family
members. The phenotypical problems emerged after unbalanced transmission of the
translocation from one of the parents to their offspring. As a result of balanced
translocation segregation anomalies such as 4p monosomy and 11p15.5p15.4 region
duplication, unbalanced transmission from parent to child is highly possible due to the
segregation anomaly. It has also been demonstrated that recurrent translocation
between chromosomes 4 and 11 occurs via NAHR mediated by interchromosomal
paralog LCRs[™L.

Growth retardation is a prominent phenotypic feature of both WHS and SRS. The
developmental anomaly in this case was growth retardation. Therefore, the patient’s
3,201-kb gain in the 11p15.5p15.4 region does not support BWS, which is associated
with overgrowth. The growth retardation in this case in consistent with the SRS

phenotype. Due to the finding of growth retardation, the 11p15.5p15.4 duplication was
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thought to be of maternal origin. Large duplications affecting both ICRs at 11p15 are
known to be associated with growth retardation /SRS or overgrowth/BWS, depending
on the parental origin of the imbalancel?’l. In our case, the 11p15.5p15.4 duplication was
3,201 kb in size and encompassed both the ICR1 and ICR2 regions. Therefore, there
were two active copies of CDKNIC and H19, consistent with maternal duplication of the
11p15.5p15.4 region. Thus, the SRS phenotype reflects the overexpression of maternal
CDKNIC2l, The effect on growth-related genes is based on a gene dosage effect.
Phenotypically, developmental delay, cleft palate, and mental retardation are consistent
with WHS. In our case, a 3776-kb deletion was detected in 4p16.3. Regarding the
patient’s hearing loss, stereocilia formation defect and innervation defect in the cochlea
have been described in WHSI”l. Growth retardation is a finding observed in both WHS
and SRS.

CONCLUSION

Genomic disorders are caused by meiotic misalignment of DNA paralogs with over 90%
sequence identity. In LCRs, the segment affected by NAHR is rearranged to form one
chromatid with a deletion with another with reciprocal duplicationl. The condition
seen in our case, which combined some phenotypic features of both WHS and SRS, is
the result of an unbalanced genomic structure caused by the translocation segregation

anomaly arising in one of the patient’s parents or previous generations.
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Figure Legends

Figure 1 Comparative genomic hybridization array analysis result. arr 4p16.3(72.447-
3.848.881)x1, 11p15.5p15.4(196.966-3.398.307)x3
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Table 1 Genes located in the chromosomal 4pl16.3 region and chromosomal

11p15.5p15.4 region

Chromosomal

Genes

4pl6.3

11p15.5p15 .4

ZNF141, PDE6B, MYL5, CPLX1, GAK,
DGKQ, IDUA, FGFRL1, RNF212, SPON2,
CIBP1, MAEA, SLBP, TAC(C3, FGFR3,
LETM1, WHSC1, WHSC2, POLN, RNF4,
INIP2, SH3BP2, ADDI1, NOP14, HIT,
HGFAC, DOK7, LRPAP1, ADRA2(C
ZNF595, ZNF718, ZNF876P, ZNF732,
ABCA11P, ZNF721, PIGG, ATP51, MFSD?7,
PCGE3, LOC100129917, TMEM175,
SLC26A1, TMED11P, LOC100130872,
Cdorf42, KIAA1530, CRIPAK, FAMS53A,
TMEM129, SCARNA22, MIR943, Cdorf48,
NAT8L, HAUS3, MXD4, ZFYVE2S,
LOC402160, FAM193A, MFSD10, C4orfl10,
GRK4, C4orf44, RGS12, LOC100133461

ODF3, SIRT3, IFITM2, IFITM1, IFITM3,
PKP3, SIGIRR, PIDSS2, HRAS, MIR210,
SCT, DRD4, TALDO1, SLC25A22, PNPLA2,
CD151, POLR2L, TSPAN4, AP2A2, MUCe,
Mucz2, Muacss, TOLLIP,  DUSPS,
KRTAP5-1, CTSD, TNNI2, LSP1, TNNT3,
MRPL23, H19, IGF2, INS, TH, ASCL2,
C1lorf21, TSPAN32, CD81, TSSC4, TRPM5,
KCNQ1, KCNQIDN, CDKNI1C, PHLDA2,
NAP114, CARS, OSBPL5, MRGPRG,
MRGPRE, ZNF195, BETI1L, RIC8A,
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PSMD13, NLRP6, ATHL1l, IFITMS5,
B4GALNT4, ANQO9, RNH1l, LRRC56,
C1lorf35, RASSF7, LOC143666, PHRFI,
IRF7, CDHR5, DEAF1, TMEMS80, EPS8L2,
PDDC1, CEND1, LRDD, RPLP2,
SNORAS52, EFCAB4A, CHID1, LOC255512,
BRSK2, MOB2, LOC338651, KRTAPS5-2,
KRTAP5-3, KRTAP5-4, KRTAP5-5,

FAMI9A, FAM99B, KRTAPS5-6,
LOC402778, SYTS, MIR4298,
LOC100133545, MIR675, INS-IGF2,
MIR483, IGF2AS, KCNQ10T1,

SLC22A18AS, SLC22A18, SNORA54,
Cilorf36
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