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Abstract
Background: Pathophysiology and clinical prognosis of congenital 

anomalies of the kidney and urinary tract are known, especially in 
adult. Recent studies using massively sequencing approach in adult 
are clarifying genetic basis of these pathologies. Moreover a great 
attention is turning to antenatal diagnosis of kidney and urinary 
anomalies, as this could improve the prognosis after birth.

Methods: Next Generation Sequencing methods, using extensive 
gene panel (4,800 genes) combined to pipeline for analysis and 
variant prioritization suited for prenatal diagnosis.

Results: we report a case of genetic and clinical characterization 
for fetal megacystis, revealed by ultrasound scan at 12 weeks of 
gestation. SOX17 gene variant, identified as causative for fetal 
megacystis, is already known for its pathogenic role in adult but was 
never described associated to fetal development. Furthermore, we 
introduce a Next Generation Sequencing method for a large number 
of disorders/genes analysis, with low incidental findings and variants of 
unknown significance risk, hence compatible to prenatal diagnosis.

Conclusions: In our study we showed the relevance of genetic 
characterizing of ultrasound sign, for clinical definition and good 
clinical management immediately after birth. The absence of any 
genetic diagnosis often precludes clinical interpretation and definition 
of fetal megacystis, since it may be associated to several 
disorders and genetic/chromosomal anomalies, with different 
pathological effects, also involving neuronal development. In these 
cases it is very challenging to determine the prognosis and pregnancy 
risks.

Background
Congenital anomalies of the kidney and urinary tract (CAKUTs) 

occur in about 5 per 1000 live births and featuring a wide variety of 
birth defects that occur at the level of the kidney (hypoplasia and 
dysplasia), bladder (ureterocele and vesicoureteral reflux), urethra 
(posteriorurethral valves) and collecting system (megaureter and 
hydronephrosis). Whereas in nonsyndromic CAKUT congenital 
structural anomalies are confined only to the kidney and urinary tract, 
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syndromic CAKUTs may involve additional congenital abnormalities 
outside of the kidney and urinary tract. CAKUT is the main cause 
of chronic kidney disease in childhood and in young adults needing 
renal replacement therapy. A monogenic cause can be detected in 
around 12% of patients, however the latest whole exome studies are 
identifying new candidate genes [1].

In prenatal diagnosis combination of ultrasound screening 
and massively genetic analysis methods could lead to clinical data 
characterization. In particular in recent years, a great effort has been 
made to introduce NGS methods in noninvasive prenatal testing 
both for the detection of common aneuploidies (associated to 
chromosomes 21, 18 and 13) and, in the latest studies, for single gene 
disorder analysis. We have introduced a new target resequencing 
NGS approach in prenatal diagnosis, called Next Generation Prenatal 
Diagnosis (NGPD), for the screening of a wide range of genetic 
disorders both in low and high-risk pregnancies when an ultrasound 
screening fails to show a definite clinical phenotype, in cases where 
ultrasound indications must be supported by a molecular genetic 
diagnosis, or in cases where one or both parents are carriers of a 
genetic disorder.

Figure 1: Top: Ultrasound images of fetal megacystis, transverse section 
on right and longitudinal section on left. Bottom: Sequence of SOX17 gene 
visualized by IGV (Integrative Genome Viewer); location: Chr8 55,370,495-
55,373,456 ID sequence: NM_022454. Read depth for c.775T>A variant 
was 133X.
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Table 1:  NGPD panel.

Disorder Associated Gene

Achondrogenesis COL2A1, SLC26A2

Achondroplasia FGFR3

Alagille syndrome JAG1, NOTCH2

Alport syndrome COL4A3, COL4A4, COL4A5

Anencephaly MTHFR

Angelmann syndrome UBE3A

Apert syndrome FGFR2

Arthrogryposis, Mental SLC35A3

Retardation and Seizures

(AMRS)

Ataxia Telangiectasia ATM

Bardet-Biedl syndrome BBS1, BBS10

Bloom syndrome BLM

Canavan disease ASPA

Cardiofaciocutaneous BRAF

syndrome 1

Cerebellar ataxia, SYNE1

recessive

Charcot-Marie-Tooth BSCL2, DNM2, EGR2, FGD4, FIG4, GARS, GDAP1, GJB1, HSPB1, HSPB8,KIF1B, LI

disease TAF, LMNA, MFN2, MPZ, MTMR2, NDRG1, NEFL, PMP22, PRPS1, PRX, RAB7A,SB

F2, SH3TC2, TRPV4

Clubfoot PITX1

Coffin-Lowry syndrome RPS6KA3

Congenital DUOX2, PAX8, SLC5A5, TG, TPO, TSHB, TSHR

hypothyroidism

Cornelia de Lange NIPBL, SMC1A, SMC3

syndrome

Cystic fibrosis CFTR

Distal arthrogryposis type MYBPC1, TPM2

1

Duchenne and Becker DMD

muscular dystrophy

Ehlers-Danlos syndrome ADAMTS2, COL1A1, COL1A2, COL3A1, COL5A1, COL5A2, PLOD1, TNXB

Ellis Van Creveld EVC

syndrome

Epidermolysis bullosa COL17A1, LAMA3, LAMB3, LAMC2, KRT5, KRT14

Familial Hyperinsulinism ABCC8, KCNJ11

Friedreich ataxia FXN

Galactosemia GALE, GALK1, GALT

Gaucher disease GBA

Hemochromatosis HFE

Hemophilia F8

Hirschsprung disease EDN3, EDNRB, RET

Holoprosencephaly SHH, SIX3, TGIF1, ZIC2
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Holt Oram syndrome TBX5

Hydrocephalus L1CAM

Hypochondroplasia FGFR3

Leigh syndrome SURF1

Kabuki syndrome KDM6A, KMT2D

Kidney and Urinary Tract PAX2, TCF2, SALL1, SOX17, WT1,SIX1,EYA1

development

Marfan syndrome FBN1

Microcephaly, primary ASPM

autosomal recessive

Mucolipidosis, IV MCOLN1

Nail Patella syndrome LMX1B

Neurofibromatosis, 1 NF1

Neurofibromatosis, 2 NF2

Nonsyndromic hearing GJB2

loss

Noonan PTPN11, SOS1, RAF1, KRAS, NRAS, BRAF, SHOC2, MEK1, CBL

syndrome/Leopard

syndrome

Osteogenesis imperfecta COL1A1, COL1A2, CRTAP, LEPRE1

Pfeiffer syndrome FGFR1

Phenylketonuria PAH

Polycystic kidney disease PKD1, PKD2, PKHD1

Primary ciliary dyskinesia DNAH5, DNAI1

Retinitis pigmentosa RHO, RP2, RPGR, USH2A

Rett syndrome MECP2

Romano Ward syndrome KCNE1, KCNE2, KCNH2, KCNQ1, SCN5A, ANK2

Saethre-Chotzen TWIST1

syndrome

Seckel ATR

Sickle cell disease HBB

Smith-Magenis syndrome FLII, RAI1

Spinal muscular atrophy SMN1

Spinocerebellar ataxia, 1- ATXN1, ATXN2, ATXN3

2-3

Tay Sachs disease HEXA

Tyrosinemia FAH

Treacher Collins TCOF1

syndrome

Tuberous sclerosis TSC1, TSC2

complex

Walker-Warburg POMT1, POMT2

syndrome

Wilson disease ATP7B

Zellweger syndrome PEX1

Genetic diseases are listed on the left and on the right the associated genes included in NGPD panel.
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Results
In present case, ultrasound scan at 12 weeks of gestation has led 

to the early diagnosis of fetal megacystis (Figure 1). In the ultrasound 
scanning of the abdominal region a cystic structure was detected with 
a maximum longitudinal diameter of 7.7 mm. The parents decided 
for chorionic villous sampling (CVS). The amniotic fluid volume 
was normal, ultrasound study during pregnancy has not revealed 
aberrations in other tissues and the fetal karyotype of the fetal 
chorionic villous cells showed normal female fetus.

Through our analysis pipeline we identified a missense mutation 
in gene SOX17 located on chromosome 8q11 (SRY Sex Determining 
Region Y-Box 17; OMIM: 610928) c.775T>A (NM_022454.3), 
p.Tyr259Asn (NP_071899.1), previously described as vesicoureteral 
reflux 3 (VUR) causing (Figure 1) [2], compatible to clinical 
ultrasound phenotype.

For high-risk pregnancy cases, we perform further investigation to 
verify possible presence of variants not yet described in the literature 
but associated to genes potentially involved in clinical phenotype. For 
this purpose we used the VarElect-NGS Phenotyper software entering 
all the genes carried mutations (about 400) found after sequencing 
and using for gene prioritization disorders associated with kidney, 
urinary tract and bladder. This analysis showed high association 
score to Sox17, ACE (Angiotensin I Converting Enzyme), FGFR3 
(Fibroblast Growth Factor Receptor 3) and ADRA1A (Adrenoceptor 
Alpha 1A). However variants found on these genes were described as 
benign in scientific literature, confirming p.Tyr259Asn in Sox17 gene 
as only pathogenic variant.

Finally, in order to determine the inheritance pattern of mutation 
we performed a TRIO study. p.Tyr259Asn was absent in father and 
transmitted from mother. It was not possible verify VUR as she never 
performed cystography, however patient presenting an history of 
recurrent urinary tract infection. Moreover incomplete penetrance, 
variability of expression and environment effects are described as 
characteristic features of VUR.

Methods
After copy number variation analysis performed by Array-CGH, 

prenatal sample was processed by Next Generation Sequencing. 
We described NGPD method in a previous paper [3]. Shortly, for 
library preparation we used an extensive gene panel (Trusight One 
Sequencing Panel, Illumina), which enriches for 62 000 exons of 4813 
genes selected for direct genetic disorder association.

Sequencing and primary data analysis were performed on 
NextSeq500 platform. Basespace on site software (Illumina) 
performed the secondary analysis on the base calls and produced a 
Phred-like quality score (Qscore) generated by Real Time Analysis 
software (RTA) during the sequencing run. The Trusight one 
sequencing panel workflow performed the demultiplexing of indexed 
reads, generated FASTQ files, aligned reads to a reference, identified 
variants and wrote output files for the alignment folder. Single nucl 
eotide polymorphisms (SNPs) and short indels were identified 
using the Genome Analysis Toolkit (GATK), by default. Based on 
the guidelines of the American College of Medical Genetics and 
Genomics, all regions that have been sequenced with a sequencing 

depth <30 were considered unsuitable for analysis. Furthermore, we 
established a minimum threshold in Qscore of 30 (base call accuracy 
of 99.9%). After Trusight One library sequencing, the first step of 
analysis was focused on a panel of genes, defined the NGPD pane l 
(Table 1), that we selected for their direct associatio n with Mendelian 
disorders, their clinical significance, severity and incidence in 
population. The disorders and groups of disorders included 
neuromuscular, cardiomyopathic and osteochondroplastic diseases 
and diseases involved in fetal development. In order to carry out only 
variants w ith pathogenic and characterized annotation, we used the 
Variant Studio software (Illumina) in combination with software 
developed in our center (NGPD software) which allows matching of 
VCF file to main annotation database (HGMD professional, ClinVar 
and the OMIM NCBI database).

Discussion
Fetal megacystis at 10-14 weeks has a prevalence of 1-1500 

pregnancies and the onsets are classified in obstructive and not 
obstructive causes [4]. Obstructive causes determinate obstruction to 
the flow of urine out of the bladder. In male fetus, bladder obstruction 
are mostly associated to urethra maldevelopment. Instead, in female 
bladder obstruction is associated to complex defects in urogenital 
system development. Non-obstructive causes, form a heterogeneous 
group, often with complex underlying pathologies, chromosomal 
defects and genetic syndrome like Prune Belly Syndrome, megacystis, 
megaureter, megacystis-microcolon-hypoperistalsis syndrome, 
neurogenic bladder, and primary vesicoureteral reflux.

Using a target resequencing NGS method specifically designed 
for prenatal diagnosis, based on analysis pipeline which allows the 
filtering for known and well-characterized genetic variants, we 
identified a missense variant on SOX17 gene, previously described as 
pathogenic in adult.

Human tissues analysis [5] has detected the main SOX17, a 
SOX family member transcription factor, expression in adult heart, 
lung, spleen, testis, ovary, placenta, and in fetal lung and kidney. 
Tyr259Asn variant in Sox17 gene induces an increase of the protein 
levels, responsible of Wnt signaling pathway inhibition during kidney 
and urinary tract development causing congenital defects. Wnt 
pathway underlies embryonic processes as cell fate determination, 
cell proliferation and migration, and determines the arrangement 
of the organs on the right or left of embryonic medial axis. These 
processes are necessary for the proper formation of tissues such as 
bones, heart, muscles and in nephrogenesis [6].

Identification of Sox17 Tyr259Asn variant associated to clinical 
phenotype, and family inheritance pattern studies, were essential 
to exclude the presence of other syndromes associated to bladder 
abnormalities and to determine future pregnancies risk factor. The 
diagnosis of megacystis exclusively by ultrasound would not have 
been able to determine causes and prognosis for pregnancy. After 
birth will be possible to establish the grade of severity of vesicoureteral 
reflux, and based on this evaluation it will be possible to determine 
the most appropriate intervention.

Children with low grade of severity do not need any kind of 
intense therapy and the reflux will be corrected during growth. Mild 
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grade of VUR leads to frequent fevers or infections may require 
ongoing preventive antibiotic therapy. Only high grade reflux may 
require surgical intervention.

Conclusion
High association to urinary tract infections and permanent 

renal damage, make reflux-associated nephropathy one of the most 
frequent causes of end stage renal disease and kidney transplantation 
in children and adults; nevertheless most of VUR are diagnosed only 
after recurrent urinary tract infection, condition that increase risk of 
renal damage. Prenatal diagnosis should allow management of VUR 
immediately after birth, improving the clinical prognosis in adult.

Next Generation Prenatal Diagnosis method and prioritized 
method used for data analysis, combined to ultrasound, enabled 
genetic characterization of clinical signs in compatible manner to 
limited quantity and quality of the DNA obtained from fetal sample 
and to times foreseen in prenatal diagnostics. For low-risk pregnancy 
cases, analysis exclusively focused on previously characterized 
variants in interest genes, by scientific literature and database, can 
prevent incidental findings and data with conflicting significance. In 
high-risk cases, however, a further study may be required through 
genes prioritization according to ultrasonographic phenotype 
and family study, in order to verify the presence of variants not 
yet described, with presumed pathogenic effects (eg. stop gained, 
frameshift mutation).

Ethics approval and consent to participate: Diagnosis, privacy 
and confidentiality conditions, and informed consent were approved 
from Ethical Board of Altamedica Fetal-Maternal Medical Centre 
institute, director Prof. Claudio Giorlandino – CEO, in accordance 
with World Medical Association’s Declaration of Helsinki and SIGU 
(Italian Society of Human Genetics) guidelines.
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