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deletion syndrome in the literature and compared these 
with our results. We summarize the patients’ characteristics 
and prenatal clinical findings. Alterations of maternal serum 
biochemical factors, an elevated combined risk for trisomies, 
and distinct ultrasonographic findings can often be ob-
served in cases of prenatal 4q deletion syndrome and may 
facilitate the otherwise difficult prenatal diagnosis. 

 © 2019 S. Karger AG, Basel 

 4q deletion syndrome is a rare structural chromosom-
al abnormality caused by a partial interstitial or terminal 
deletion of the long arm of chromosome 4. The estimat-
ed incidence of the disease is 1 in 100,000 with a nearly 
equal ratio in male and female patients [Strehle et al., 
2001]. The majority of the deletions occur de novo, but 
approximately 14% of the cases develop as a result of un-
balanced segregation of parental reciprocal transloca-
tion. The overall mortality of the disease is 28% [Strehle 
and Bantock, 2003]. The term 4q deletion syndrome is 
applied to 2 different groups of deletions depending on 
the exact chromosomal breakpoint and the region of 4q 
that is deleted, classified as interstitial from the centro-
mere to 4q31 and as terminal deletion with a loss from 
4q31 to 4qter.
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 Abstract 

 Terminal deletion of chromosome 4 (4q deletion syndrome) 
is a rare genetic condition that is characterized by a broad 
clinical spectrum and phenotypic variability. Diagnosis of 
the distinct condition can be identified by conventional 
chromosome analysis and small deletions by novel molecu-
lar cytogenetic methods such as microarray comparative ge-
nome hybridization (aCGH). Prenatal diagnosis is challeng-
ing; to date 10 cases have been described. We report a pre-
natally diagnosed case of de novo 4q deletion syndrome 
confirmed by conventional karyotyping and FISH due to an 
elevated combined risk for Down syndrome and prenatal ul-
trasound findings. aCGH validated the diagnosis and offered 
exact characterization of the disorder. Cytogenetic and mi-
croarray results described a 4q32.1qter terminal deletion of 
the fetus. Prenatal ultrasound detected multiple nonstruc-
tural findings (micrognathia, choroid plexus cysts, echogen-
ic fetal bowel, short femur, and cardiac axis deviation). Preg-
nancy was terminated at 20 weeks. In addition to the index 
patient, we reviewed the 10 prenatally published cases of 4q 
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  The main clinical features of the congenital multisys-
temic malformation syndrome are developmental delay, 
growth retardation, craniofacial dysmorphism (low-set 
ears, broad nasal bridge, short upturned nose, and micro-
gnathia), digital dysmorphism, autism spectrum disor-
der, abnormalities of the cardiovascular, musculoskeletal, 
urogenital, and gastrointestinal system. Despite common 
characteristics of the distinct condition, the symptoms 

and severity of the disease vary greatly and depend on the 
size of the deleted region, the exact chromosomal break-
point, and the genes that are located in the deleted region. 
Moreover, apart from the deleted region, other genes 
within a certain distance from the breakpoint and other 
genomic structures such as transposable elements can 
mediate genomic rearrangements and influence the phe-
notype [Vlaikou et al., 2014]. So far, a definite genotype-
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  Fig. 1.   A  GTL-banded pair of chromosome 
4 showing the 4q terminal deletion (arrow). 
 B  Metaphase spread (FISH) analysis using 
4p (green) and 4q (red) subtelomeric 
probes. Note that the probe mixture also 
gives red and green signals to the chro-
mosome 21q telomeric region. The arrow 
indicates the deletion in chromosome 4q. 
 C  aCGH analysis showing the deleted seg-
ment of 4q32.1qter with a loss of 33.5 Mb 
(chr4:   157,455,107–190,957,460).  D  Ultra-
sonography of the fetal facial profile show-
ing micro and retrognathia (week 18). 
 E  Images of the fetus at termination of 
pregnancy (week 20 + 5). Note the charac-
teristic hypertelorism, low-set ears, micro- 
and retrognathia, small nose and depressed 
nasal bridge. 
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phenotype correlation has not yet been determined. 
There are fewer than 200 cases of 4q deletion reported in 
the literature, the majority of the deletions were diag-
nosed postnatally [Strehle, 2011]. The number of prena-
tally diagnosed cases in the literature is small, not more 
than 10 cases described. Prenatal diagnosis of 4q deletion 
syndrome is challenging owing to the phenotypic vari-
ability of the disease and the lack of distinct ultrasono-
graphic findings characteristic to the condition. A very 
limited number of cases was reported when invasive test-
ing due to prenatally detected ultrasonographic soft 
markers [Manolakos et al, 2013] or severe generalized hy-
drops of the fetus [Russel et al., 2008] made it possible to 
set up the diagnosis of fetal 4q deletion syndrome. Clas-
sical cytogenetic techniques, even with commercially 
available FISH probes, are not sufficient diagnostic tools 
in most cases as deletion breakpoints cannot be specified 
correctly. The use of chromosomal microarrays enhances 
the detection rate and reduces the time which is of utmost 
importance in prenatal diagnosis.

  In this report, we present a case of prenatally diag-
nosed 4q deletion syndrome based on high-risk com-
bined screening test results and second trimester ultra-
sound soft markers by conventional and molecular ge-
netic methods. We also provide a review of the literature 
on prenatal diagnosis of the multisystemic disease.

  Case Report 

 A 38-year-old woman (gravida 2, para 1) was referred to our 
prenatal center at 13 weeks of gestation because of advanced ma-
ternal age and a high-risk combined test result for Down syndrome 
(DR: 1:   83, βHCG: 2.63 MOM, PAPP-A: 0.5 MOM). A detailed ul-
trasound scan did not show fetal anomalies (crown rump length: 
72 mm, nuchal translucency: 2.0 mm). Chorionic villus sampling 
was performed at 14 weeks of gestation, followed by amniocentesis 
at 16 weeks to rule out the possibility of confined placental mosa-
icism, as ultrasound examination still did not show any abnor-
malities. Ultrasound scan at 18w+3d was done according to stan-
dard second trimester protocols (GE Voluson ®  E8, GE Medical 
System Kretztechnik GmbH & Co OHG) and revealed multiple 
minor malformations: micrognathia, bilateral plexus choroid 
cysts, echogenic bowels, left axis deviation of the heart, and a short 
femur. The parents decided to terminate the pregnancy at 20 weeks 
and 5 days gestation. The postmortem examination found a male 
fetus of 325 g body weight. The fetal measurements corresponded 
to be slightly below the normal range. Fetal foot length (29 mm) 
appeared to be <10th percentile for the age of the pregnancy. An 
autopsy revealed distinct facial dysmorphism with hypertelorism, 
a small nose with depressed nasal bridge, low-set ears, micro- and 
retrognathia. The central nervous system and cardiac, urogenital, 
and skeletal anatomy were mostly normal. Besides facial dysmor-
phism, no definite other abnormality was detected.

  Materials and Methods 

 Cytogenetic analyses were performed on direct and cultured 
chorionic villus samples, amniotic fluid cells, and postmortem fi-
broblast cultures. GTL-banding was done according to standard 
methods. FISH was carried out with probes specific to chromo-
some regions DXZ1, DYZ3, D18Z1, 13q14.2, and 21q22.13 using 
the FAST FISH Prenatal Enumeration Probe Kit (Cytocell) to ex-
clude the most frequent aneuploidies. We performed FISH with 
probes specific to the 4q subtelomeric region and 4q35 (D4S2930) 
(TeloMark, Cytocell) on directly prepared chorionic metaphases 
to rule out a possible subtle translocation. All FISH reactions were 
done according to the manufacturer’s instructions. Parental karyo-
types from peripheral lymphocyte cultures were performed in line 
with the prenatal examinations.

  SNP microarray analysis was performed using the Affymetrix 
Cytoscan 750K platform which uses 750,000 markers for copy 
number analysis, including 200,000 SNP and 550,000 non-poly-
morphic probes with the median spacing (gene and non-gene 
backbone) of 4,125 kb. 250 ng of total genomic DNA extracted 
from cell suspension was digested with  Nsp I and then ligated to 
NSPI adaptors, respectively, and amplified using Titanium Taq 
with the Sensoquest PCR system. PCR products were purified us-
ing AMPure beads and quantified using Nanodrop ND1000. Puri-
fied DNA was fragmented, biotin labeled, and hybridized to the 
Affymetrix Cytoscan 750K GeneChip. Data were analyzed using 
the Chromosome Analysis Suite. The analysis is based on human 
genome version GRCh37/hg19 (Fig. 1).

  Results 

 Parental karyotypes showed no alterations, so the fe-
tal chromosome aberration was specified as de novo. 
On the basis of the cytogenetic and microarray results, 
the fetal karyotype was finally described as 46,XY,del(4)
(q32).ish del(4)(q35)(D4S2930–).arr[GRCh37] 4q32.
1q35.2(157455107_190957460)×1 dn.

  The terminal deletion size in chromosome 4 was 33.5 
Mb (chr4:   157,455,107–190,957,460) and the number of 
the deleted genes was 148, respectively.

  Discussion 

 Here, we report a case of prenatal diagnosis of a rare 
multisystemic malformation condition, 4q deletion syn-
drome. The parents decided to terminate the pregnancy 
at 20 weeks’ gestation. The diagnosis was confirmed by 
conventional karyotyping and molecular cytogenetic 
methods.

  Classical G-banding detects larger chromosomal dele-
tions with an estimated maximum resolution of 5–10 
Mbp, even with high-resolution banding techniques. 
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Novel molecular genetic examinations such as microar-
ray comparative genome hybridization (aCGH) make it 
possible to scan the whole genome with high resolution 
and to determine the exact DNA breakpoints [Shao et al, 
2008]. Recently, aCGH has been extensively used in the 
genetical analysis of children suffering from developmen-
tal delay [Manolakos et al., 2010]. Besides conventional 
G-banding techniques, introduction and application of 
high-resolution molecular cytogenetic methods have 
been of great importance, even in prenatal diagnosis 
[Friedman, 2009]. Employing these methods in prenatal 
diagnosis is especially important for the investigation of 
fetuses with abnormal ultrasound findings and normal 
conventional G-banding results, as microarray has a 
2–10% diagnostic advantage over classical karyotyping 
[Kleeman et al., 2009; Wapner et al., 2012; Hillman et al., 
2013; Srebniak et al., 2016].

  Since the cytogenetic description of the deletion in the 
long arm of chromosome 4 in 1967 [Ockey et al., 1967], 

Townes et al. [1979] were the first to use the term 4q dele-
tion syndrome for cases of chromosome deletions in 4q31 
with a distinct characteristic phenotype. Considering the 
small number of diagnosed cases, several authors made 
an attempt to specify genotype-phenotype correlation 
and determine the critical region or exact genes presum-
ably playing a critical role in the development of the dis-
ease ( Table 1 ) [Strehle et al., 2012b]. Deletion in the chro-
mosomal region 4q31q34 may be responsible for the ma-
jority of postnatal phenotypes. Some authors hypothesize 
4q33 to have a critical role in syndrome-specific-manifes-
tations [Keeling et al., 2001; Giuffrè et al., 2004]. In most 
reported cases of distal terminal 4q deletions (4q34q35), 
the phenotype can be characterized by slightly milder 
clinical symptoms and neurodevelopmental deficit [Cali-
ebe et al., 1997].

  We compared our case with other 4q deletion syn-
drome cases published so far in the literature, and we 
found 2 cases with proximal breakpoints at 4q32.1. 

Table 1.  Genotype-phenotype correlation of terminal 4q deletion

Author No. of cases Clinical features Genes/loci Regions

Keeling at al., 2001 1 (postnatal) Cleft lip and palate
Neurodevelopmental delay

– 4q33

Rossi et al., 2009 2 (prenatal)
6 literature (postnatal)

Cleft palate 
Congenital heart defects

HAND2 4q34.1q34.2
174 – 178 Mb

Strehle et al., 2012a 2 (postnatal)
1 (prenatal)

Cleft palate – 4q33q35.1

Strehle et al., 2012b 20 (postnatal) Cleft palate 
Congenital heart defect

SORBS 2 4q35.1

Xu et al., 2012 1 (postnatal)
101 literature (postnatal)

Congenital heart defect TLL1
HPGD
HAND2

4q32.2q34.3

Hemmat et al., 2013 1 (postnatal)
10 literature (postnatal)

Congenital heart defect PDLIM3
ArgBP2

4q35.1

Vona et al., 2014a 1 (postnatal)
35 literature (postnatal)

Congenital heart defect 1 TLL1
HAND2

chr4:160,717,000 – 

178,579,037

Vona et al., 2014a 1 (postnatal)
35 literature (postnatal)

Congenital heart defect 2 SORBS2
PDLIM3

chr4:184,046,156 – 

186,997,806

Vona et al., 2014a 1 (postnatal)
35 literature (postnatal)

Autism spectrum disorder
Hearing impairment

MTNR1A
FAT1
F11
DFNA24

4q35.2
chr4:187,234,067 – 

188,424,639

Novo-Filho et al., 2016 4 (postnatal) Neurodevelopmental delay HELT 4q35.1

Number of cases, reports, and cases from the literature used for the comparison and analysis are indicated.
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Tzschach et al. [2010] reported a case of a 22-year-old fe-
male patient characterized by moderate intellectual dis-
ability, obesity, psychosis, and facial dysmorphism (broad 
nasal root, sparse lateral eyebrows, thin upper lip, short 
philtrum, and micrognathia). Diagnosis setup by FISH 
and aCGH revealed a complex rearrangement compris-
ing an interstitial deletion of approximately 10 Mb in 
4q32.1q32.3 together with a balanced translocation be-
tween chromosomes 2 and 5 [t(2;   5)(p22,q12,1)]. The 
proximal deletion, chr4:   156,628,981–160,162,888, was 
3.4 Mb in size, followed by a 5.4-Mb deleted segment be-
tween chr4:   160,971,479 and chr4:   166,358,059, and final-
ly, a 0.11-Mb deletion flanked by chr4:   166,628,236 and 
chr4:   166,802,966. Thirty genes are located in the deleted 
region. The authors hypothesized the glutamate receptor 
coding gene,  GRIA2 , and   the glycine receptor coding 
gene,  GLRB , as candidates for intellectual disability   and  
 the neuropeptide Y receptor genes  NPY1R  and  NPY5R  
for cognitive defects. Facial characteristics of the patient 
were very similar to our prenatal case. Although this case 
was characterized by a complex interstitial chromosomal 
rearrangement, in terms of breakpoint, its proximal 
breakpoint (156,628 kb) seems to be the closest to our 
case (157,455 kb) of all those found in the literature.

  The other case was reported by Novo-Filho et al. 
[2016], who investigated patients suffering from develop-
mental disability and congenital anomalies. Among the 
105 patients examined, the authors found 4 patients with 
4q terminal deletion, one female patient among them 
with a 4q32.1q35.2 deletion and a 5p15.2 duplication. 
Molecular testing was done by MLPA and was character-
ized using Illumina-CytoSNP array. Although the exact 
breakpoint, the patients’ characteristics, and phenotype 
were not mentioned in the study, the deletion incorpo-
rated the  FSTL5  gene which corresponds to chr4: 
161,383,892. Out of the 111 deleted genes, 2 genes were 
found by array analysis that could play a role in the devel-
opment or the function of the nervous system:  CASP3  (in 
neurological system process and neuron apoptosis) and 
 CYP4V2  (in neurological system process). They also 
found 2 genes,  SLC25A4  and  HELT , which were deleted 
in all patients affected by 4q deletion. The  HELT  gene was 
regarded to be expressed in undifferentiated neural pro-
genitor cells in the developing mesencephalon and dien-
cephalon. The authors suppose that the  HELT  gene may 
play a crucial role in developmental delay and intellec-
tual disability. This case, in terms of proximal and distal 
chromosomal breakpoints and the size of the deletion, is 
most similar to the present case (161,38–190,9 and 
157,46–190,9 kb, respectively). It is important to empha-

size that the 2 abovementioned patients affected by 4q 
deletion are postnatal cases, while the present fetus was 
terminated at 20 weeks of pregnancy. Direct comparison 
of pre- and postnatal cases is difficult, whereas it is feasi-
ble to investigate craniofacial dysmorphism or certain 
structural malformations in both instances; features such 
as behavioral disturbances, developmental delay, sensori-
neural or intellectual deficit cannot be studied prenatally. 
None of the prenatally diagnosed cases in the literature 
had any similarity to our case regarding the breakpoints.

  According to the OMIM database, the terminal region 
of chromosome 4, 4q32, incorporates 148 genes, a num-
ber of them with proven pathogenic phenotypes in hu-
mans by the DECIPHER v9.27 genome browser. A sig-
nificant number of other genes in this region can be char-
acterized by moderate or high pLI scores, meaning that 
the gene is intolerant for loss-of-function variations. 
Thus, a heterozygous mutation of the gene results in 
haploinsufficiency and makes the gene a candidate for 
morbidity (in detail in  Fig. 2 ) [Lek et al., 2016]. Checking 
the deleted chromosomal region in the present case 
(4q32.1q35.2), we found a total of 14 genes with a pLI 
score  ≥ 0.9, suggesting a loss-of-function intolerant gene. 
The OMIM database indicates that only 2 of the 14 genes 
with high pLI scores have known pathogenic conse-
quences in humans. The  RAPGEF2  gene (4q32.1), which 
is a member of the RAS subfamily of GTPases, functions 
in GTP/GDP-regulated signal transduction pathways 
and represents the key link between cell surface receptors 
and RAS activation. High  RAPGEF2  expression can be 
detected in kidney, placenta, and liver, intermediate ex-
pression in ovary, and low expression in brain and lungs. 
Heterozygous expansion of the  RAPGEF2  gene was iden-
tified in a patient with familial adult myoclonic epilepsy-7 
(OMIM 618075), suggesting that TTTCA n  expansion can 
be responsible for the phenotype. The  TENM3  gene (te-
neurin transmembrane protein 3) is mapped to chromo-
some 4q34.3q35.1. Teneurins predominantly bind the 
lectin domain of latrophilins independent of calcium and 
presumably play a role in classic heterophilic intercellular 
adhesions. In mouse models, teneurin-3 is highly ex-
pressed in specific brain regions such as amygdala, cau-
date nucleus, hippocampus, and the medial entorhinal 
cortex. It is suggested that teneurin-3 may regulate the 
assembly of certain complex distributed circuits in the 
mammalian brain. In humans, homozygous splice muta-
tions of  TENM3  were demonstrated in 2 families causing 
bilateral colobomatous microphthalmia (microphthal-
mia, isolated, with coloboma 9, OMIM 615145). Unaf-
fected parents and relatives were identified as heterozy-
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gous for the mutation indicating that a heterozygous mu-
tation of the gene itself is not responsible for the phenotype 
[Chassaing et al., 2016]. It may be important to note that 
8 of the 14 genes with a pLI score >0.9 are confirmed as 
being expressed in the central nervous system in animal 
or human studies ( PDGFC ,  GRIA2 ,  RAPGEF2 ,  KLHL2 ,  
CLCN3 ,  GPM6A ,  TENM3 , and  STOX2 ) . GPM6A  (neuro-
nal membrane glycoprotein M6A) is expressed in rodent 
neurons and has a significant role in neural cell adhesion 
and in some aspects of neurite growth; it is also found in 
human hippocampal cells.  CLCN3  (chloride channel 3) 
encodes an intracellular chloride channel mainly in the 
hippocampus and olfactory cortex in mice and in hu-
mans. Experimental null mice show signs of behavioral 
abnormalities and neuronal degeneration in the retina 
and hippocampus.  GRIA2  (glutamate receptor 2) gene 
products are ligand-activated cation channels that medi-

ate the fast component of excitatory postsynaptic cur-
rents in neurons of the central nervous system. The ma-
jority of them are detected in the hippocampal cells of rat 
and human brain tissues. The functions of glutamate re-
ceptors are confirmed in synaptic plasticity and memory, 
formation of dendritic spines, spine growth, and stability 
and changes in excitatory postsynaptic current proper-
ties. In transgenic mice for  GluR2 , a motor neuron disease 
can develop later in life that resembles human amyo-
trophic lateral sclerosis.  KLHL2  (Keltch like 2) gene pro-
tein products’ highest levels of expression were found in 
adult and fetal brain, primarily detected in the amygdala, 
caudate nucleus, corpus callosum, and hippocampus. 
The  STOX2  gene of unknown function was isolated from 
adult brain, heart, spleen, ovary, and fetal brain tissues. 
 PDGFC  (platelet derived growth factor C) is a major mi-
togen and stimulant of motility in mesenchymal cells, 

Susceptibility critical regions based on postnatal 
findings

4q32.1

Affacted 4q32.1-q35.2 region Affected genes with pathogenic
phenotype

4q35.2

GLRB / Hyperekpelexia 2

TLL1 / Atrial septal defect 6

NEK1 / Short-rib thoracic dysplasia 6 with or without
polydactyly

VEGFC / Lymphedema, hereditary, 

TENM3 / Microphthalmia, isolated, with coloboma 9

TRAPPC11 / Muscular dystrophy, limb-girdle, type 2S 

SLC25A4 / Mitochondrial DNA depletion syndrome 12A 
(cardiomyopathic type) AD
PDLIM3
FAT1
MTNR1A

FSHD1 / Facioscapulohumeral muscular dystrophy 1

HAND2

SORBS2
HELT

GRIA2

PDGFC

NAF1

HPGD / Hypertrophic osteoarthropathy, primary, autosomal
recessive 1, Cranioosteoarthropathy, Digital clubbing, 
isolated congenital

1

2

3

4

5

6

7

8

9

10

1. Keeling, Am J Med Genet, 2001
2. Rossi, Am J Med Genet, 2009, 

HAND2
3. Strehle, Gene, 2012
4. Strehle, Am J Med Genet, 2012, 

SORBS2
5. Xu, Am J Med Genet, 2012, 

TLL1, HPGD, HAND2
6. Hemmat, Mol Cytogenet, 2013, 

PDLIM3, ArgBP2
7. Vona, BMC Med Genet, 2014, 

TLL1, HAND2
8. Vona, BMC Med Genet, 2014, 

SORBS2, PDLIM3
9. Vona, BMC Med Genet, 2014, 

MTNR1A, FAT1, F11, DFNA24
10. Novo-Filho, Am J Med Genet, 

2016, HELT

Genes with >0,9 pLI

PDGFC

GRIA2

FNIP2

RAPGEF2

NAF1

KLHL2
CPE

CLCN3
MFAP3L

HMGB2

GPM6A

TENM3
STOX2
CDKN2AIP

RAPGEF2 / Epilepsy, familial adult myoclonic 7 

  Fig. 2.  Schematic representation of the deleted region 4q32qter in the present case (red bar). Proven pathogenic 
genes and consequent diseases according to DECIPHER database v9.27 and genes with a pLI score  ≥ 0.9 are 
shown. Susceptibility regions, genes, and loci of genotype-phenotype correlation by different authors found in 
the literature are also listed. 
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such as fibroblasts and smooth muscle cells, and also acts 
on other cell types including capillary endothelial cells 
and neurons. Expression of  PDGFC  is the highest in pros-
tate, testis, and the uterus, with less expression in the 
spleen, thymus, and small intestine as well as little expres-
sion in the colon and peripheral blood leukocytes. Animal 
studies suggest that the gene has a major role in the de-
velopment of craniofacial structures, the neural tube, and 
mesodermal organs.  Pdgfc  null mice die due to feeding 
and respiratory difficulties associated with a complete 
cleft of the secondary palate. Some authors hypothesize 
that  PDGFC  signaling is a novel and independent mecha-
nism that regulates palatogenesis in early embryonic de-
velopment [Ding et al., 2004]. On the whole, many sus-
pected loss-of-function-intolerant genes in the 4q32qter 
region are expressed in rodent or human brain tissues, 
particularly in the structures of the limbic system, which 
is connected mainly to memory, orientation, behavior, or 
mood. Heterozygous deletion of these genes may be re-
lated to those features that can often be observed in 4q 
deletion syndrome as intellectual disability, or develop-
mental delay, whereas mutation or deletion of   the  PDGLC  
gene may lead to craniofacial dysmorphysm and palatal 
abnormalities.

  Besides the abovementioned genes with high pLI score, 
many authors presume the pathogenic role of other genes 
in terms of genotype-phenotype correlation. Genes locat-
ed in 4q32.2q34.3, such as the zinc-dependent metallopro-
tease gene  TLL1  (Tolloid-like protein1 gene) and basic 
helix-loop-helix family of the transcription factor gene 
 HAND2  (heart- and neural crest derivatives-expressed 
protein 2 gene), are major candidates for cardiac morpho-
genesis based on animal models and loss-of-function 
mutations in patients [Xu et al., 2012]. Some authors pre-
sume that the more distally positioned  SORB2  gene (sorbin 
and SH3 domain containing 2 gene, 4q35.1) may have 
a role in the formation of congenital heart disease 
(CHD) and cleft lip/palate. Mutation of certain genes 
( HELT ,  MTNR1A , and  FAT1)  possibly influence autism 
spectrum disorder and neurodevelopmental deficit [Vona 
et al., 2014a]; however none of them are mentioned in any 
of the genome browsers as pathogenic genes. An autosomal 
dominant deafness locus,  DFNA24  (deafness, neurosenso-
ry) was mapped to the terminal region of chromosome 4 
(4q35qter), although most cases with terminal 4q deletion 
overlapping this region are not characterized by hearing 
impairment [Häfner et al., 2000; Vona et al., 2014b].  Figure 
2  summarizes the morbid genes and the hypothesized crit-
ical regions in genotype-phenotype correlation in 4q dele-
tion syndrome published in the literature.

  In the present case, although a large deletion in the 
long arm of fetal chromosome 4 (4q32.1qter) eliminated 
the supposed critical chromosomal regions and potential 
morbid genes mentioned above, neither CHD nor cleft lip 
or palate was detected during prenatal and autopsy ex-
aminations. Fetopathological examination confirmed 
characteristic facial dysmorphism (small nose with a de-
pressed nasal bridge, micro- and retrognathia, hyper-
telorism, and low-set ears). According to previous data, 
the exact critical region and susceptibility genes of the 
phenotype in 4q deletion syndrome are still elusive.

  Prenatal diagnosis of the syndrome has been reported 
in a limited number so far. In the English medical litera-
ture, 10 prenatally diagnosed cases can be found, of which 
3 describe interstitial and 7 terminal deletions ( Table 2 ). 
The first prenatal case was diagnosed by amniocentesis 
due to elevated maternal serum AFP level in 1986 [Camp-
bell et al., 1986]. Chronologically, the first 3 (interstitial) 
diagnoses were established by conventional G-banding 
via amniocentesis [Campbell et al., 1986; Koppitch et al., 
1990; Hsu et al., 1998]. Starting from 2008, high-resolu-
tion FISH and, since then, FISH and aCGH were applied 
to determine chromosomal breakpoints. In 3 out of 10 
cases, out of the normal range of serum level of maternal 
biochemical markers or increased risk for Down syn-
drome was the indication for invasive procedures [Camp-
bell et al., 1986; Hsu et al., 1998; Strehle et al., 2012a]. In 
5 cases that represent 50 percent of all prenatal cases, ab-
normal ultrasound findings were detected in the second 
or third trimester regarding fetal central nervous, cardio-
vascular or urogenital system [Rossi et al., 2009; Manola-
kos et al., 2013; Gonzalez et al., 2018]. In one case, severe 
generalized fetal hydrops and polyhydramnion [Russel et 
al., 2008] and in another case, complex fetal malforma-
tions (double bubble, facial dysmorphism, and cardiovas-
cular defects) were observed in the third trimester [Rossi 
et al., 2009]. The fetopathological and postnatal examina-
tions revealed that the most specific trait in 4q deletion is 
facial dysmorphism that was reported in 6 cases. Forty 
percent of all the cases were characterized by CHD and 
digital anomalies and 30% by cleft lip or palate; none of 
them were diagnosed prenatally. It is worth noting that 
the abovementioned abnormalities were equally detected 
in both interstitial and terminal deletions. Prenatally ob-
served first trimester ultrasound findings such as in-
creased nuchal translucency, facial dysmorphism, or 
CHD have not been detected in any of the reported cases. 
Rapid development of ultrasound technology and wide-
spread practice of fetal echocardiology should increase 
the detection of prenatal malformations, especially in the 
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field of CHD, and thus should enhance the detection rate 
of rare chromosomal aberrations.

  In the present case, maternal age and an elevated risk 
for Down syndrome in the combined test (DR: 1:   83, 
βHCG: 2.63 MOM, PAPP-A: 0.5 MOM) served as the in-
dication for chorion villus sampling. The multiple soft 
markers we detected during the second trimester are 
more often seen in fetal aneuploidy and primarily in-
crease the mathematical risk of trisomies such as Down 
syndrome. However, it deserves to be mentioned that ac-
cording to our observations and based on literature data, 
certain soft markers and nonstructural ultrasound anom-
alies (e.g., facial dysmorphism, micrognathia, short fe-
mur or humerus, and echogenic fetal bowel) are definite-
ly more prevalent in structural chromosomal aberrations 
and rare genetic syndromes [Tidrenczel et al., 2018]. An 
elevated biochemical risk for trisomies and bias in mater-
nal serum level of PAPP-A, β-hCG or AFP are also more 
frequently perceived in non-trisomic chromosomal rear-
rangement (unpublished own data). In a study published 
recently by Bornstein et al. [2018], an abnormally low lev-
el of first trimester maternal serum free β-hCG (<0.45 
MOM) was associated with an increased risk of fetal sig-
nificant CNVs by aCGH in a retrospective cohort study 
of singleton pregnancies ( n  = 2,880). According to Scott 
et al. [2018] in a large prospective study, rare autosomal 
trisomies (RATs, chromosomes other than 13, 18, 21, X, 
and Y) were often accompanied by a low level of PAPP-A, 
especially in cases of intrauterine fetal growth restriction 
as a predictive factor for placental dysfunction. Abnormal 
maternal serum levels of proteins produced by the pla-
centa (PAPP-A, HCG) may be indicators for the func-
tional disruption of the feto-placental unit and conse-
quently, early fetal intrauterine growth restriction as it is 
often observed in non-constitutional chromosomal ab-
normalities. This may be an independent mechanism of 
fetal growth restriction caused by the abnormal genotype 
itself and the gross number of affected genes concerning 
different aspects of fetal development. Although uniform 
typical ultrasound findings have not been detected in the 
so far published 10 cases of prenatally diagnosed 4q dele-
tion syndrome, the characteristic facial features, CNS 
findings, short long bones, cardiac anomalies, and early 
fetal growth restriction have been reported in several cas-
es and may draw attention to potential structural chro-
mosomal disorders. However, the broad variability of the 
phenotype observed postnatally in patients makes the tar-
geted prenatal ultrasound detection of the syndrome dif-
ficult. An increased risk of Down syndrome has been 
noticed in a total of 4 cases out of 11 in 4q deletion 

syndrome. As a result, variations in serum maternal bio-
chemical factors can be indicative not only for common 
trisomies.

  Cell-free fetal DNA tests [cffDNA, also called nonin-
vasive prenatal test (NIPT)] based on next-generation se-
quencing (massive parallel sequencing or SNP analysis) 
have been recently applied in prenatal screening and di-
agnosis worldwide. Prenatal cffDNA tests have yielded 
high specificity and sensitivity results in the screening of 
common aneuploidies (trisomy 21, 18, and 13) with high 
accuracy and with a low false-positive and negative rate. 
A large body of evidence has shown NIPT to be an ex-
traordinary noninvasive screening method for common 
trisomies. More recently, the spectrum of reportable 
chromosomal abnormalities by cffDNA has expanded 
with sex chromosome aneuploidies and copy number 
variants. Since 2016, a limited number of publications 
have reported that cffDNA tests can detect other chro-
mosomal abnormalities (RAT, structural disorders) or 
monogenic diseases and could be a procedure for per-
forming even noninvasive prenatal karyotyping of the fe-
tus in the near future [Bianchi and Chiu, 2018]. How-
ever, at present we have only limited and inconclusive 
data about the exact performance and reliability of this 
method in the prenatal settings other than for common 
trisomies. At the moment, scientific organizations world-
wide recommend the routine application of NIPT as a 
screening test only for common trisomies. Using the 
commercially available cffDNA test in the present case 
would have resulted in eventuated negative result for 
common trisomies and in spite of multiple ultrasonogra-
phy findings would have mistakenly reassured the par-
ents. The use of NIPTs in cases of structural or cumu-
lated nonstructural fetal ultrasonography findings should 
be avoidable and performing invasive diagnostic proce-
dures and methods with diagnostic accuracy should be 
the chosen practice.

  Conclusion 

 In summary, we present a prenatally diagnosed case 
of de novo 4q deletion syndrome confirmed by molecu-
lar genetic testing. By review of the prenatally diagnosed 
cases, we suggest that abnormal levels of maternal serum 
biochemical factors may be indicative for non-numeri-
cal chromosome aberrations as well, and prenatal diag-
nosis of the disease can be facilitated by certain struc-
tural and nonstructural ultrasonography findings in the 
second trimester. The diagnostic method of choice is 
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aCGH due to its high resolution capability. The avail-
ability of novel molecular genetic methods and advanced 
ultrasound technique in prenatal settings should aim to 
prenatally diagnose more rare fetal disorders in the fu-
ture.
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