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Abstract
1q43q44 microdeletion syndrome is characterized by intellectual disability/global developmental delay, epilepsy, dysmorphic
facies, stereotypic movement, language delay, recurrent infections, dental anomalies, and hand and foot anomalies. Microcephaly
and corpus callosum dysplasia are present in some cases depending on gene content. 3q29 microduplication syndrome is
characterized by intellectual disability, language delay, microcephaly, and dental anomalies. We report the first case with 4 de novo
copy number variations with clinical features which overlap 1q43q44 microdeletion and 3q29 microduplication syndromes. Our
case presented with global developmental delay, epilepsy, recurrent infections, stereotypic movements, speech delay, micro-
cephaly, facial dysmorphism, bilateral clinodactyly, and small puffy feet with metatarsus varus; however, she had no corpus
callosum dysplasia. Our case highlights the role of multiple copy number variations in the occurrence of a certain phenotype.
Moreover, it supports the theory that the loss of HNRNPU gene function cannot explain the occurrence of microcephaly and
abnormalities of the corpus callosum in 1q43q44 microdeletion syndrome.
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1q43q44 microdeletion syndrome (Online Mendelian Inheri-

tance in Man 612337) is characterized by moderate to severe

intellectual disability/global developmental delay, epilepsy,

dysmorphic facies, hypotonia, abnormal behaviors including

stereotypic movement, limited or no expressive speech, recur-

rent infections, dental anomalies, hand and foot anomalies,

congenital heart defects, and gastroesophageal and urogenital

abnormalities.1-4 Some patients present with microcephaly and

abnormalities of the corpus callosum depending on gene con-

tent. HNRNPU gene has been proposed to be accountable for

intellectual disability/global developmental delay, epilepsy,

dysmorphic facies, abnormal behaviors including stereotypic

movement, limited or no expressive speech, recurrent infec-

tions, dental anomalies, and hand and foot anomalies.5 How-

ever, ZBTB18 gene has been proposed to be accountable for

microcephaly and abnormalities of the corpus callosum.6 3q29

microduplication syndrome (Online Mendelian Inheritance in

Man 611936) is characterized by intellectual disability/global

developmental delay, language delay, microcephaly, dental

anomalies, cleft palate, palpebral fissure anomalies, congenital

heart diseases, and skeletal malformations.7,8

We report the first rare case with 4 de novo copy number

variations with clinical features which overlap 1q43q44 micro-

deletion and 3q29 microduplication syndromes.
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Case Report

The patient was 4 years old girl, born at 37 weeks gestation age

through cesarean section and weighed 2850 kilograms. She was

born in a nonconsanguineous family with nonremarkable fam-

ily history. She developed severe global developmental delay

from the age of 3 months which was accompanied by recurrent

respiratory tract infections, abnormal behavior, and stereotypic

movement, that is, shaking and clapping hands. On examina-

tion, she had microcephaly (-3SD), normal length, round face,

short nose with broad nasal tip, ears with thin helices, hyperte-

lorism, long and smooth philtrum, wide spaced teeth, thin ver-

milion borders, micrognathia, strawberry naevus in the trunk,

bilateral clinodactyly, and small puffy feet with metatarsus

varus (Figure 1). Ophthalmologic and audiologic examination

revealed no abnormalities. She developed focal epilepsy,

which was fever related from the age of 10 months and it was

not controlled by valporic acid, topiramate, and levetiracetam.

She was also noticed to have speech delay, and dysmorphic

features became more prominent as she was growing up.

Examination of the heart and kidney revealed no abnormalities,

however, brain magnetic resonance imaging revealed mild

brain atrophy. Electroencephalography revealed multifocal dis-

charge arising from both hemisphere characterized by spike-

wave complex. Metabolic tests were negative. Low-depth

whole-genome sequencing was performed whereby she was

found to have 4 de novo copy number variations: 1q44q44

deletion (4.6 Mb) spanning HNRNPU, HNRNPU-AS1, COX20,

and NLRP3 genes, 3q29-q29 duplication (880 Kb) spanning

CEP19, PCYT1A, RNF168, TCTEX1D2, and TFRC genes,

8p11.21-p11.1 duplication (100 Kb) spanning part of HGSNAT

gene, and 11p15.4-p15.4 duplication (190 Kb) spanning

PGAP2 and STIM1 genes. Low-depth whole-genome sequen-

cing was also performed for both parents in order to identify

whether they are de novo or inherited. The 4 copy number

variations were not found in either of the parent, hence they

were considered as de novo. The classification of the identified

copy number variations was done according to the American

College of Medical Genetics (ACMG) guideline for

interpretation of postnatal copy number variations.9 Two de

novo copy number variations which represent 2 separate syn-

dromes, that is, 1q43q44 microdeletion and 3q29 microdupli-

cation syndromes, were classified as pathogenic, while the

other 2 de novo duplications were classified as variant of

unknown significance (Table 1).

Discussion

We report the first rare case with 4 de novo copy number

variations with clinical features which overlap 1q43q44 micro-

deletion and 3q29 microduplication syndromes. This case high-

lights the role of multiple copy number variations in the

occurrence of a certain phenotype. Our case was identified to

have de novo 1q44q44 deletion (4.6 Mb) spanning HNRNPU,

HNRNPU-AS1, COX20, and NLRP3 genes, de novo 3q29-q29

duplication (880 Kb) spanning CEP19, PCYT1A, RNF168,

TCTEX1D2, and TFRC genes, de novo 8p11.21-p11.1 duplica-

tion (100 Kb) spanning part of HGSNAT gene, and de novo

11p15.4-p15.4 duplication (190 Kb) spanning PGAP2 and

STIM1 genes. 1q44q44 deletion and 3q29-q29 duplication rep-

resent 1q43q44 microdeletion syndrome and 3q29 microdupli-

cation syndrome, respectively.

1q43q44 microdeletion syndrome is characterized by mod-

erate to severe intellectual disability/global developmental

delay, epilepsy, dysmorphic facies, hypotonia, abnormal beha-

viors including stereotypic movement, limited or no expressive

speech, recurrent infections, dental anomalies, hand and foot

anomalies, congenital heart defects, and gastroesophageal and

urogenital abnormalities.1-4 Some patients present with micro-

cephaly and abnormalities of the corpus callosum depending on

gene content. HNRNPU, ZBTB18, and AKT3 have been pro-

posed as possible candidate genes for this syndrome. HNRNPU

gene could be accountable for intellectual disability/global

developmental delay, epilepsy, and dysmorphic features,2,5

while ZBTB18 gene and AKT3 could explain abnormalities of

the corpus callosum and microcephaly.2,6 Thierry et al studied

11 unrelated patients with 1q44 microdeletion in which all

patients presented with moderate to severe intellectual

Figure 1. A, Microcephaly, round face, short nose with broad nasal tip, ears with thin helices, hypertelorism, and micrognathia. B, Long and
smooth philtrum, wide-spaced teeth, and thin vermilion borders. C, Clinodactyly and small puffy foot with metatarsus varus.
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disability, epilepsy, and nonspecific craniofacial anomalies.2

Two out of 11 cases had microcephaly and their copy number

variations spanned AKT3 gene.2 The other 9 cases without

microcephaly had copy number variations which spanned

HNRNPU gene (Figure 2). Therefore, they suggested

HNRNPU gene as a good candidate for intellectual disabil-

ity/global developmental delay and epilepsy.2 3q29 microdu-

plication syndrome is characterized by intellectual disability/

global developmental delay, language delay, dental anoma-

lies, and microcephaly.7,8 The genes responsible for the phe-

notype are not clear currently; however, the copy number

variation ranges from 1.6 to 2.3 Mb, spanning from TFRC

to BDH1 genes.

Our case presented with severe global developmental delay,

focal epilepsy, recurrent respiratory tract infections, abnormal

behavior, stereotypic movements, speech delay, microcephaly,

round face, short nose with broad nasal tip, ears with thin

helices, hypertelorism, long and smooth philtrum, wide spaced

teeth, thin vermilion borders, micrognathia, strawberry naevus

in the trunk, bilateral clinodactyly and small puffy feet with

metatarsus varus, and mild brain atrophy. Most of the clinical

features of our case overlap with those of the reported cases

with 1q43q44 microdeletion syndrome.1-4 1q44q44 deletion

which was identified in our case spans HNRNPU gene which

explains majority of the clinical features except microcephaly

(Figure 2). HNRNPU encodes for a heterogeneous nuclear ribo-

nucleoprotein and is expressed ubiquitously in humans and

mice and has been proposed to contribute to brain develop-

ment. Nevertheless, 3q29-q29 duplication (880 Kb) spanning

CEP19, PCYT1A, RNF168, TCTEX1D2, and TFRC could also

explain global developmental delay, dental anomalies, speech

delay, and microcephaly. Importantly, RNF168 gene mutation

has been reported to associate with microcephaly.10 Ballif

et al,8 Lisi et al,11 and Goobie et al12 reported 3 cases diagnosed

with 3q29-q29 microduplication syndrome which presented

with microcephaly. Their copy number variations overlap with

that of our case since they encompass RNF168 PCYT1A,

TCTEX102, and CEP19 genes (Figure 3). Consequently, we

think the phenotype of our case was contributed by these 2

copy number variations: deletion at 1q44q44 and duplication

at 3q29-q29. We also think RNF168 gene can explain micro-

cephaly in 3q29-q29 microduplication syndrome. However,

more similar cases are needed for comparison.

Some of the reported cases of 1q43q44 microdeletion syn-

drome had corpus callosum dysplasia which was absent in our

case. This could be due to the fact that our case’s copy number

variation does not span ZBTB18 gene which has been proposed

to be accountable for microcephaly and abnormalities of the

corpus callosum.6,13 ZBTB18 (zinc finger and BTB domain-

containing protein 18) encodes a transcriptional repressor that

plays an important role in cortical and cerebellar develop-

ment.14 Animal studies have revealed that Zbtb18 deficiency

results in abnormal growth, differentiation, and maturation of

cortical and cerebellar neurons, leading to a phenotype of

microcephaly, cerebellar vermis hypoplasia, and corpus callo-

sum dysplasia.15 Moreover, AKT3 gene, which has also been

proposed to associate with microcephaly, is not within our

case’s copy number variation. Therefore, microcephaly in our

Figure 2. A map of the deletions in chromosomal band 1q44. Comparison of our case with 9 reported cases that presented with intellectual
disability (ID)/global developmental delay (GDD), epilepsy (EP), and dysmorphic features without microcephaly. A proposed critical region for
ID, EP, and dysmorphic features encompasses HNRNPU gene.

4 Child Neurology Open



case could be part of 3q29 microduplication syndrome and not

1q43q44 microdeletion syndrome. Thus, our case adds evi-

dence that both the microcephaly and abnormalities of the

corpus callosum phenotypes may not be explained by a loss

of HNRNPU function but may be due to a loss of function of

AKT3 and ZBTB18 genes.

The pathogenic role of de novo duplications at 8p11.21-

p11.1 and 11p15.4-p15.4 is unknown, hence they have been

classified as variant of unknown significance. These 2 copy

number variations span genes which are associated with auto-

somal recessive disorders so it is difficult to understand their

contribution to the patient’s phenotype. Additionally, in

DECIPHER (Database of Chromosomal Imbalance and Phe-

notype in Humans using Ensemble Resources (https://deci

pher.sanger.ac.uk) and DGV (Database of Genomic Variants,

http://dgv.tcag.ca/gb2/gbrowse/dgv) databases, there are few

copy number variations with duplication in these regions that

associate with a wide range of phenotypes, while others have

no phenotype. As a result, they have discordant definitions

ranging from likely benign to variant of unknown signifi-

cance. Therefore, despite the fact that they are de novo

aberrations of small size, it is difficult to understand their

contribution in our case’s phenotype.

In conclusion, we have reported the first rare case with 4

de novo copy number variations in which 2 of them

represent 2 different syndromes with overlapping clinical

features: 1q43q44 microdeletion syndrome and 3q29 micro-

duplication syndrome. Our case highlights the role of

multiple copy number variations in the occurrence of a cer-

tain phenotype. Moreover, it supports the theory that a loss

of HNRNPU function cannot explain the occurrence of

microcephaly and abnormalities of the corpus callosum in

1q43q44 microdeletion syndrome.
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2. Thierry G, Bénéteau C, Pichon O, et al. Molecular characteriza-

tion of 1q44 microdeletion in 11 patients reveals three candidate

genes for intellectual disability and seizures. Am J Med Genet A.

2012;158A(7):1633-1640.

3. Depienne C, Nava C, Keren B, et al. Genetic and phenotypic

dissection of 1q43q44 microdeletion syndrome and neurodeve-

lopmental phenotypes associated with mutations in ZBTB18 and

HNRNPU. Hum Genet. 2017;136(4):463-479.

4. Westphal DS, Andres S, Beitzel KI, Makowski C, Meitinger

T, Hoefele J. Identification of a de novo microdeletion 1q44

in a patient with hypogenesis of the corpus callosum,

seizures and microcephaly - A case report. Gene. 2017;

616:41-44.

5. Leduc MS, Chao HT, Qu C, et al. Clinical and molecular char-

acterization of de novo loss of function variants in HNRNPU. Am

J Med Genet A. 2017;173(10):2680-2689.

6. Cohen JS, Srivastava S, Farwell Hagman KD, et al. Further evi-

dence that de novo missense and truncating variants in ZBTB18

cause intellectual disability with variable features. Clin Genet.

2017;91(5):697-707.

7. Tassano E, Uccella S, Giacomini T, et al. 3q29 microduplication

syndrome: Description of two new cases and delineation of the

minimal critical region. Eur J Med Genet. 2018; S1769-7212(17):

30430-30435.

8. Lisi EC, Hamosh A, Doheny KF, et al. 3q29 interstitial micro-

duplication: a new syndrome in a three-generation family. Am J

Med Genet A. 2008;146A(5):601-609.

9. Kearney HM, Thorland EC, Brown KK, et al. American College

of Medical Genetics standards and guidelines for interpretation

and reporting of postnatal constitutional copy number variants.

Genet Med. 2011;13(7):680-685.

10. Devgan SS, Sanal O, Doil C, et al. Homozygous deficiency of

ubiquitin-ligase ring-finger protein RNF168 mimics the radiosen-

sitivity syndrome of ataxia-telangiectasia. Cell Death Differ.

2011; 18(9):1500-1506.

11. Ballif BC, Theisen A, Coppinger J, et al. Expanding the clinical

phenotype of the 3q29 microdeletion syndrome and characteriza-

tion of the reciprocal microduplication. Mol Cytogenet. 2008; 1:8.

12. Goobie S, Knijnenburg J, Fitzpatrick D, et al. Molecular and

clinical characterization of de novo and familial cases with micro-

duplication 3q29: guidelines for copy number variation case

reporting. Cytogenet Genome Res. 2008;123(1-4):65-78.

13. Ballif BC, Rosenfeld JA, Traylor R, et al. High-resolution array

CGH defines critical regions and candidate genes for microce-

phaly, abnormalities of the corpus callosum, and seizure pheno-

types in patients with microdeletions of 1q43q44. Hum Genet.

2012;131(1):145-156.

14. Aoki K, Meng G, Suzuki K, et al. RP58 associates with condensed

chromatin and mediates a sequence-specific transcriptional

repression. J Biol Chem. 1998;273(41):26698-26704.

15. Xiang C, Baubet V, Pal S, et al. RP58/ZNF238 directly modulates

proneurogenic gene levels and is required for neuronal differentia-

tion and brain expansion. Cell Death Differ. 2012;19(4):692-702.

6 Child Neurology Open



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


