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ABSTRAKT 

Polycystická choroba ledvin je závažné geneticky podmíněné onemocnění vyskytující se u dospělých i 

dětských pacientů. Základní charakteristikou tohoto onemocnění je vznik a postupné zvětšování renálních 

cyst, které nahrazují funkční tkáň ledvin. U řady pacientů tak dochází k renálnímu selhání. Renální cysty se 

ovšem mohou vyskytovat i u řady dalších onemocnění, včetně multisystémových syndromů. To u některých 

pacientů komplikuje diferenciální diagnostiku. V naší studii jsme se nejprve soustředili na diagnostiku a 

charakterizaci genotypově-fenotypových souvislostí u pacientů s polycystickou chorobou vznikající 

v dětském věku, později jsme naši studii rozšířili i na dospělé pacienty a pacienty s nejasnou klinickou 

diagnózou. Zároveň jsme zvětšili portfolio analyzovaných onemocnění, a to na řadu nemocí, u nichž se 

může vyskytnout fenotyp polycystických ledvin, i na onemocnění necystická. 

Během našeho projektu jsme metodou masivního paralelního sekvenování analyzovali 149 pacientů – 128 

s cystickými a 21 s necystickými klinicky diagnostikovanými nefropatiemi. Zároveň byly nálezy ověřeny 

Sangerovou sekvenací u 176 příbuzných našich probandů. Mutační detekce dosahovala 59% u cystických 

pacientů a 43% u necystických pacientů. U řady pacientů molekulárně genetická analýza odhalila jinou 

etiologii onemocnění, než bylo klinicky indikováno. 

 

 

 

ABSTRACT 

Polycystic kidney disease is a severe genetic disease occurring in both adult and pediatric patients. The basic 

characteristic of this disease is the development and progressive enlargement of renal cysts gradually 

replacing functional kidney tissue. This leads to renal failure in many patients. However, renal cysts may 

also occur in a number of other diseases, including multisystem syndromes. This complicates differential 

diagnosis in some patients. In our study, we first focused on the diagnosis and characterization of genotypic-

phenotypic relationships in patients with polycystic disease arising in childhood, later we extended our study 

to adult patients and patients with unclear clinical diagnosis. At the same time, we expanded the portfolio of 

analyzed disorders to a number of diseases in which the phenotype of polycystic kidneys may occur, and 

noncystic diseases as well. 

During our project, massive parallel sequencing was used to analyze 149 patients – 128 with cystic and 21 

with noncystic clinically diagnosed nephropathies. At the same time, the findings were verified by Sanger 

sequencing in 176 relatives of our probands. Mutation detection reached 59% in cystic patients, and 43% in 

non-cystic patients, respectively. In many patients, molecular genetic analysis revealed a different etiology 

of the disease than clinically indicated. 
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INTRODUCTION 

Autosomal dominant polycystic kidney disease 

Autosomal dominant polycystic kidney disease (ADPKD) is the most common inherited disorder that 

typically presents in adults. It is a multisystem disorder that manifests with gradually growing fluid-filled 

renal cysts that start to develop in utero and usually originate from distal regions of the nephron and 

collecting ducts. ADPKD manifestations also comprise extrarenal changes, such as hepatobiliary and 

cardiovascular abnormalities. Although the ADPKD is a monogenic disorder, it is genetically and allelically 

heterogeneous with different range of severity and phenotypic manifestation. 

 

Clinical manifestation 

ADPKD is characterized by formation and progressive growth of renal cysts producing gradual kidney 

enlargement and replacement of normal renal parenchyma causing chronic kidney disease and ultimately 

resulting in end-stage renal disease (ESRD, renal failure). ESRD occurs in up to 75% of ADPKD patients by 

70 years of age causing necessity for renal replacement therapy (Neumann et al., 2013). Hence ADPKD 

patients form about 10% of patients in dialysis and transplantation programs (Spithoven et al., 2014). 

ADPKD is a systematic disease and patients often develop extrarenal manifestations, such as polycystic 

liver disease (PLD), cysts in the pancreas, seminal vesicles and the arachnoid membrane, and cardiovascular 

abnormalities including hypertension, left ventricular hypertrophy, aneurysms and cardiac valvular 

abnormalities. 

 

Genetics 

In most cases, ADPKD is caused by mutations in 2 genes: PKD1 (16p13.3) discovered in 1985 (Reeders et 

al., 1985) with its refined localization described in 1995 (Hughes et al., 1995) and PKD2 (4q22.1) 

discovered by two independent research groups in 1993 (Kimberling et al., 1993; Peters et al., 1993). It is 

estimated the PKD1 mutations cause about 80% of ADPKD cases, whereas PKD2 mutations are responsible 

for about 15% of cases (Chapman et al., 2003). About 5 to 10% of patients harbor mutations in other loci or 

remain genetically unresolved. Over the last few years, number of genes has been described whose 

mutations can cause ADPKD or ADPKD-like phenotype. The gene causing mild phenotype of polycystic 

kidney disease and mild to severe phenotype of polycystic liver disease was described in 2016 and called 

GANAB (11q12.3) (Porath et al., 2016). In 2018, the gene DNAJB11 (3q27.3) was described (Cornec-Le 

Gall et al., 2018). Mutations in this gene are associated with phenotype of non-enlarged polycystic kidneys 

with chronic interstitial fibrosis resulting in renal failure in the sixth decade of life.  
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Phenotype resembling ADPKD can arise from mutations in number of other genes. These are rare cases, but 

sometimes one must consider broadening the differential diagnosis to include other cystic kidney diseases, 

especially in patients with atypical phenotype and no causal mutation in ADPKD genes found. Table 1 

represents known kidney diseases that can (in some cases) resemble ADPKD and should be included in the 

differential diagnosis of ADPKD.  

Disease Genes Inheritance Distinctive clinical features 

Simple renal cysts N/A Acquired 
Normal-sized kidneys with normal function, cysts can increase in 

number and size with age 
Acquired cystic kidney 

disease 
N/A Acquired 

Common in patients with CKD or ESRD; normal- or small-sized 
kidneys, no extrarenal cysts 

Renal cysts and 
diabetes syndrome 

HNF1B AD 
Renal malformation, diabetes mellitus, hypomagnesemia, genital 

tract abnormalities, hyperuricemia, elevated liver enzymes 

Polycystic liver disease 
PRKCSH 

SEC61B, SEC63    
ALG8, LRP5 

AD Predominantly liver cystic disease, small number of renal cysts  

ARPKD PKHD1 AR 
Neonatal or infantile enlarged polycystic kidneys, pulmonary 

hypoplasia, biliary duct anomalies (congenital hepatic fibrosis, 
intrahepatic bile duct dilatation), portal hypertension, cholangitis 

Tuberous sclerosis 
complex (TSC) 

TSC1 
TSC2 

AD 
Skin lesions (angiofibromas, hypomelanotic macules), seizures and 
developmental delay, renal angiomyolipomas, benign hamartomas 

(retina, cardiac), pulmonary lymphangioleiomyomatosis 
PKD1-TSC2 contiguous 

gene syndrome 
PKD1 +             

TSC2 
AD 

Severe ADPKD at early age, renal angiomyolipomas developing from 
age of 1 

Autosomal dominant 
tubulointerstitial kidney 

disease 

UMOD 
MUC1     
REN 

AD 
Slowly progressive kidney disease, medullary cysts, small to normal 

sized kidneys, hyperuricemia, UMOD: early gout, REN: mild 
hypertension, anemia 

Von Hippel-Lindau 
syndrome 

VHL AD 
Renal cell carcinomas, CNS and retinal hemangioblastomas, 

pancreatic cysts, pancreatic endocrine tumors, pheochromocytoma 

Orofaciodigital 
syndrome I 

OFD1 XLD 

Embryonic male lethality, cleft palate, bifid tongue, hyperplastic 
frenula, hypertelorism, broadened nasal ridge, digital abnormalities 
including syndactyly, CNS malformations, small, uniform renal cysts, 

normal or enlarged kidneys 

 

Table 1: Differential diagnosis of ADPKD. Table is based on the guidelines presented in 2015 by global 

organization KDIGO (Kidney Disease: Improving Global Outcomes) (Chapman et al., 2015) and articles by 

Alves et al., 2015 and Simms, 2016. 

 

Autosomal recessive polycystic kidney disease  

Autosomal recessive polycystic kidney disease (ARPKD) is a rare inherited kidney disorder with typical 

clinical presentation in utero or in early childhood. ARPKD is characterized by dilatations of renal 

collecting ducts causing enlarged kidneys, and ductal plate malformation of the liver resulting in congenital 

hepatic fibrosis.  

 

Clinical manifestation  

ARPKD is a disorder with high phenotypical variability dependent on the age of presentation. Majority of 

patients are identified in utero or at birth with sonographic findings of bilaterally enlarged echogenic 

kidneys with poor corticomedullary differentiation (Erger et al., 2017; Guay-Woodford, 2015). The first 
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ultrasound findings of ARPKD are usually made around 21st to 24th  weeks of gestation and does not include 

hepatic changes that are not detected until late childhood (Avni et al., 2012). In severe cases, 

oligohydramnios with Potter sequence consisting of massively enlarged kidneys, pulmonary hypoplasia with 

typical facies and spine and limb abnormalities can be present (Bergmann, 2015). About 30 to 50% of 

affected newborns die shortly after birth from respiratory distress caused by pulmonary hypoplasia and/or 

restrictive lung disease caused by massively enlarged kidneys (Alzarka et al., 2017; Guay-Woodford and 

Desmond, 2003; Zerres et al., 1998).  

Children who survive the perinatal stage are more prone to experience complications associated with renal 

and hepatic impairment. The renal phenotype comprises formation of cysts that (unlike ADPKD cysts) arise 

by dilatations of renal collecting ducts. In the early stages of ARPKD, cysts tend to be smaller and localized 

in the medulla, but with advanced clinical course cysts may enlarge and vary in appearance, and thus make 

the kidney phenotype indistinguishable from ADPKD (Avni et al., 2002). Most of the patients develop end-

stage renal disease, but the age of onset is highly dependent on initial presentation.  

 

Genetics 

ARPKD is caused by mutations in gene called PKHD1 (PKHD1 ciliary IPT domain containing 

fibrocystin/polyductin; formerly: Polycystic kidney and hepatic disease 1) discovered in 2002 by two 

research groups (Onuchic et al., 2002; Ward et al., 2002). PKHD1 is an extensive gene covering over 469 kb 

and located on the short arm of chromosome 6 (6p12.3-p12.2) (Onuchic et al., 2002). In 2017, second gene 

causing ARPKD was described (Lu et al., 2017). It is called DZIP1L (DAZ interacting zinc finger protein 1 

like) and is localized on the long arm of chromosome 3. Homozygous mutations of DZIP1L were described 

in four families with ARPKD.  

Although the typical form of ARPKD is caused by mutations in the PKHD1 gene, several disorders that can, 

in some cases, phenotypically resembles ARPKD are described. Especially in the early stage of the disease, 

the clinical findings can be very indistinct and reliable differential diagnostic is needed. Due to the existence 

of a number of ARPKD phenocopies and with advances in next-generation sequencing techniques, 

mutational analysis of panel of genes is recommended to enable effective diagnosis (Table 2) (Guay-

Woodford et al., 2014).  

  

Disease Genes Inheritance Distinctive clinical features 

ADPKD 
PKD1 
PKD2 

AD 

Bilateral macrocysts, cysts in other organs (e.g., the liver, seminal 
vesicles, pancreas, and arachnoid membrane), non-cystic 

abnormalities (e.g., intracranial aneurysms and dolichoectasias, 
dilatation of the aortic root and dissection of the thoracic aorta, mitral 

valve prolapse, colonic diverticula, abdominal wall hernias) 

Nephronophthisis 
NPHP1-
NPHP? 

AR (AD) 
Tubulointerstitial cysts and small or normal size kidneys, defects in 

urinary concentration, anemia, polyuria, and polydipsia 

Renal cysts and 
diabetes syndrome 

HNF1B AD 
Renal cysts, single kidney, renal hypoplasia/dysplasia, genital 

malformations, autism, epilepsy, gout, hypomagnesemia, 
hyperthyroidism, liver and intestinal abnormalities, and a rare form of 
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kidney cancer 

Joubert syndrome and 
related disorders 

JBTS1-JBTS38 AR (AD) 
Mental retardation and ataxia due to hypoplasia of the cerebellar 

vermis, retinal coloboma, irregular breathing pattern, “molar- tooth 
sign” 

Bardet-Biedl syndrome BBS1-BBS21 AR (DR) 
Renal malformation, obesity, hypogonadism, retinal degeneration, 

polydactyly, mental retardation, and renal malformations, hearing loss, 
diabetes mellitus, and other metabolic defects 

Meckel syndrome 
MKS1-
MKS15 

AR 
Occipital meningoencephalocele, microphthalmia, lung hypoplasia, 

PKD or renal hypo/dysplasia, bile-duct dilatation, postaxial polydactyly, 
and situs inversus 

Orofaciodigital 
syndrome I 

OFD1 XLD 

Embryonic male lethality, cleft palate, bifid tongue, hyperplastic 
frenula, hypertelorism, broadened nasal ridge, digital abnormalities 
including syndactyly, CNS malformations, small, uniform renal cysts, 

normal or enlarged kidneys 

Jeune syndrome 
(Asphyxiating thoracic 

dystrophy) 

IFT80 
DYNC2H1 
WDR19 
TTC21B 

AR (DR) 

Narrowed thorax, respiratory insufficiency, recurrent respiratory 
infections, short 

stature with limb shortening, brachydactyly, polydactyly, renal and 
hepatic impairment, eye abnormalities 

Renal-hepatic-
pancreatic dysplasia 

NPHP3 
NEK8 

AR Dysplasia of kidneys, liver, and pancreas, heart defects  

Zellweger syndrome 
(Peroxisome biogenesis 

disorder) 
PEX1-26 AR 

Dysmorphic features, severe psychomotor retardation, profound 
hypotonia, seizures, ocular abnormalities, hepatomegaly, renal cysts 
and chondrodysplasia punctate, diffuse encephalopathy, retinopathy 

or cataract, and sensorineural hearing loss 

 

Table 2: The list of diseases that can phenotypically resemble ARPKD. The table is based on the consensus 

expert recommendations developed in May 2013 by an international team of 25 multidisciplinary specialists 

and published by The Journal of Pediatrics in 2014 (Guay-Woodford et al., 2014). The distinctive clinical 

features are based on Sweeney and Avner, 2019, Bergmann, 2018, Hildebrandt et al., 2011, Poyner and 

Bradshaw, 2013, Rajagopalan et al., 2016 and Wanders et al., 1995. 

 

HYPOTHESIS AND OBJECTIVES 

In the first years of our project we focused on the genetic diagnosis of autosomal recessive polycystic kidney 

disease. Our hypothesis was that patients with clinically suspected ARPKD carry two mutations in the 

PKHD1 gene and that type of mutation could affect the patient’s phenotype. Our objectives included 

collection of group of patients with clinical diagnosis of ARPKD and sequencing of the whole PKHD1 gene 

by next generation sequencing. Gathered genetic and clinical data were then correlated, and conclusions 

were made regarding the influence of mutations on the final phenotype of the patient. 

The project was funded by the grant project of Internal Grant Agency of the Ministry of Health of the Czech 

Republic (IGA MZ ČR) NT/13090-4  “Sekvenční varianty genu PKHD1 u autozomálně recesivní 

polycystické choroby ledvin” starting in 2012 and ending in 2015 with final evaluation as ‘A’. Most of the 

project results were published in 2015 (Obeidova et al., 2015).  

Although in the large number of families the suspected clinical diagnosis of ARPKD was successfully 

proved by genetic analysis of the PKHD1 gene, some patients remained unsolved. Because of that, our 

further research broadened not only the portfolio of genes tested but also the variety of clinical diagnoses. 

Our hypothesis was that polycystic kidneys are the frequent manifestation accompanying number of 

nephropathies causing difficulties in clear differential diagnosis. This is even more complicated in families 



6 

 

with intrafamilial alterations in phenotype, in young patients or prenatal cases with undeveloped phenotype 

or in families with no history of the disease or without the clinical data available. Moreover, combinations of 

mutations could cause untypical phenotype in patient. 

Hence, our objectives included collection of groups of patients with wide range of renal phenotypes with 

corresponding clinical data and then genetic analysis of a panel of genes and genotype-phenotype 

correlation. Our panels were developed in collaboration with cooperating nephrologists, pediatricians and 

geneticists. For collection of clinical data, basic questionnaire for possible ciliopathic phenotypes was 

prepared and published. Regarding the laboratory part of the project, suitable method of sequencing was 

chosen and in-house bioinformatic pipeline developed. 

The project was funded by grant projects of Charles University GAUK 1015 (“Molekulárně genetická 

diagnostika autozomálně recesivní polycystické choroby ledvin metodou cíleného sekvenování nové 

generace”) and PROGRES Q25/LF1. As this is the first project mapping the genetic background of Czech 

patients with polycystic kidney disease and at that time, the routine diagnosis of patients with polycystic 

kidneys was unavailable, the aim of this project was also to map the most frequent culprits of PKD in Czech 

patients. Moreover, genes responsible for noncystic types of nephropathies were included into the 

sequencing panel. This allowed rapid and cost-effective analysis benefiting from analysis of all patients with 

rare nephropathies running at once, together with testing of interest of collaborating physicians in diagnoses 

of specific noncystic nephropathies. Acquired knowledge regarding indicated disorders and effectivity of the 

sequencing method was later implemented into routine diagnostics. All results were reported back to the 

attending physician which, in some cases, allowed better patient and family counseling and eventually 

prenatal diagnosis. 

 

SUBJECTS AND METHODS 

Patients 

The group of probands within our projects counted 149 patients and their 176 relatives. These patients were 

gathered at the Institute of Biology and Medical Genetics between years 2012 and 2019. The study was 

approved by the Ethics Committee of General University Hospital in Prague and all patients or legal 

guardians gave written informed consent for genetic testing.  

The group of patients was for the purposes of the research divided into 2 groups regarding their kidney 

phenotype to: 

1. Cystic kidney diseases (i.e. ARPKD, ADPKD, RCAD syndrome and other non/systematic diseases 

with presence of renal cysts) 
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2. Kidney diseases without presence of cysts (i.e. focal segmental glomerulosclerosis, atypical 

hemolytic uremic syndrome, etc.) 

Group 1 (cystic kidney diseases) comprised 128 probands and 170 relatives of the probands. Detailed 

clinical data were collected for patients from Group 1 and included: age at diagnosis, parental renal 

ultrasound, renal and hepatic phenotype of proband and extra-renal/hepatic manifestation. However, the 

clinical data of typical cases of ADPKD patients (usually with familial history of ADPKD) were not 

collected. Also, some clinical data are missing as they were not disclosed by attending clinicians. 

Group 2 (noncystic nephropathies) comprised 21 analyzed probands and 6 relatives. No clinical data were 

collected for this group of patients as the analysis in these patients was used to verify the effectiveness of the 

molecular genetic analysis in patients with noncystic nephropathies. Moreover, we tested which types of 

nephropathies would be the most indicated by our collaborating geneticists/nephrologists for the purposes of 

introduction of molecular genetic analysis of noncystic nephropathies in the routine genetic testing. 

Next-generation sequencing 

Next-generation sequencing (NGS) – also called parallel, high-throughput or deep sequencing was used for 

mutation analysis of all proband samples. Two different sequencing technologies (and two types of 

sequencers) were used throughout the project – 454 sequencing (pyrosequencing) on the GS Junior (Roche 

Life Science) sequencer, and sequencing by synthesis (SBS) technology by Illumina performed on MiSeq 

sequencer (Illumina). 

  

454 sequencing 

The process of sequencing is divided in number of steps and in general consists of library preparation of 

several samples, cleaning and multiplexing of samples, and sequencing itself. 

Library was prepared from DNA obtained by isolation with QIAamp DNA Mini Kit (Qiagene). The 

fragments for sequencing were prepared in two steps: The first round of PCR was prepared using target-

specific primers with universal-tailed (M13) overhang (Generi Biotech) previously described in literature 

(Losekoot et al., 2005). The second round of PCR was prepared using primers containing universal tail 

(matching M13 adapter from the first round of PCR), specific MID (multiplex identifier) - sequences unique 

for the patient, and sequencing adaptors. The library of 87 amplicons (covering coding exons of the PKHD1 

gene, NM_138694.4) was then purified by Agentcourt® AMPure® XP (Beckman Coulter), the library of 6 

patients was quantified (Quant-iT™ PicoGreen® dsDNA Assay Kit, Invitrogen), multiplexed equimolarly 

and prepared for sequencing run on GS Junior with kits GS Junior Titanium emPCR Kit (Lib-A) and GS 

Junior Titanium Sequencing Kit (Roche Diagnostics) in accordance to standard protocol. 
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Bioinformatics 

Bioinformatic analysis of the sequencing data was done by commercial bioinformatic tool Sequence Pilot 

(JSI Medical Systems) – an automated platform for analysis of sequencing data that offers all-in-one tool 

SeqNext for mapping, alignment and variant detection. 

 

Data analysis and sequence changes classification 

The sequenced samples were compared to the reference sequence of the PKHD1 gene NM_138694.4 with 

10 bp overhangs to the intron regions. Detected variants were checked and assessed using databases, such as 

Mutation Database Autosomal Recessive Polycystic Kidney Disease and Human Gene Mutation Database 

The pathogenic potential of new missense and intronic variants was evaluated computationally using several 

in silico prediction programs. 

 

Sequencing by synthesis technology 

SBS technology was used for sequencing of a panel of genes (sequencing with target enrichment) and the 

PKD1 gene, respectively (sequencing using Nextera XT technology for library preparation). In both 

methods, the last step is sequencing on MiSeq sequencer, but the library preparation strategy is different.  

 

Panel sequencing 

For panel sequencing, we used DNA samples prepared by Gentra Puregene Blood Kit (Qiagene) 

purification. The probes used within our project were designed with The NimbleDesign® - free online tool 

for custom probe selection for selected target. Our first panel (used between years 2015 and 2017) 

“NefroPanel_1” contained 118 genes, the later design (used since 2018) called “NefroPanel_2” contained 

153 genes and covered about 0.5 Mbp of genomic DNA. Library preparation was carried out using Roche 

Sequencing Solutions kits following the standard protocols. 

 

Sequencing of the PKD1 gene 

Because of the presence of 6 pseudogenes with high homology to PKD1, library preparation from long-

range PCR products was chosen. The long-range products were prepared in 9 reactions with primers and 

protocols already described in literature (Tan et al., 2012). The products were then checked on agar 

electrophoresis and multiplexed equimolarly (based on their length, concentration and previous results). 

After this step the library preparation and sequencing was provided by Institute of Endocrinology in Prague 

with Nextera XT DNA Library preparation kit (Illumina). 
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Bioinformatics 

Analysis of sequencing data from MiSeq sequencer has been done by in-house developed bioinformatic 

pipeline containing variety of open-source (publicly available) analysis tools of third parties running on 

Linux operating system. The input data were compressed FASTQ files created by built-in software MiSeq 

Reporter in MiSeq sequencer, the final output of the bioinformatic analysis were VCF files (Variant Call 

Format) – a text files of annotated and filtered variants found in every patient.  

 

RESULTS 

The group of probands analyzed within our project counted 149 patients and their 176 relatives. For the 

purposes of the research, patients were divided into two groups regarding their kidney phenotype: Group 1 

(cystic nephropathies) and Group 2 (noncystic nephropathies). 

Group 1 (cystic nephropathies) 

Group 1 counted 128 probands and 170 relatives. The main analyzes were provided for 134 patients (in 4 

probands DNA was of low quality/concentration and samples of the parents were used instead for the NGS 

analyses, in one case, trio was used). In the rest of the relatives, Sanger resequencing of the detected variants 

was provided.  

ARPKD was clinically diagnosed in 44 patients from the Group 1. The molecular genetic analysis confirmed 

the clinical diagnosis of ARPKD (2 probably causal variants in the PKHD1 gene in trans) in 23 patients 

(52%). In 5 patients (11%), 2 probably causal variants in the TMEM67 gene were detected  and genetic 

diagnosis of nephronophthisis 11 (NPHP11) was made. Three patients (7%) harbored mutation in the PKD1 

gene and final genetic diagnosis was ADPKD.  

In 13 patients (30%) the genetic analysis did not detect probable causal variant/s and genetic diagnosis 

remained unknown. Nevertheless, in 2 of these patients another diagnosis was later reported from the 

attending clinician. Also, in 2 patients suspected variant in another gene with unknown effect on final 

phenotype was found (one patient with variant in NPHP4 gene; one with variant in the COL4A3 gene). 

Interestingly, in 7 patients (16%) only one PKHD1 mutation was found.  

In 41 patients, clinical diagnosis of ADPKD was made. In 68% (28 patients) the clinical diagnosis was 

confirmed by molecular genetic analysis and final diagnosis of ADPKD was made. In 13 patients (32%) the 

molecular genetic analysis did not detect probable causal mutation in the patient. Unsurprisingly, the 

mutational detection yield was higher in patients with positive family history of ADPKD. From 28 patients 

with familial history of ADPKD, the genetic analysis detected causal mutation in 23 patients (82%). In five 

patients with positive family history (18%) no causal variant was identified. On the other hand, in 8 patients 
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without family history of ADPKD, causal mutation in the PKD1 gene was detected in 2 patients (25%), in 6 

patients (75%) no variant was detected. 

 

In the less common diagnoses with phenotype that usually includes extrarenal and extrahepatic 

manifestation, the molecular genetic diagnosis usually corresponded to the predicted clinical diagnosis. 

Specifically, in 4 patients with suspected Bardet-Biedl or Meckel syndrome the diagnosis was confirmed in 

three of them. In one patient no probable causal variant was identified, nevertheless suspected finding from 

array CGH analysis was later reported.  

Clinical diagnosis of NPHP was confirmed in one of two suspected patients. In the latter, suspected likely 

pathogenic variant in the WT1 gene was detected.  

From three patients with suspected RCAD syndrome, the clinical diagnosis was confirmed in 2 patients. In 

the third patient suspected variant in the RET gene was found. 

The diagnoses of orofaciodigital syndrome and syndrome of polycystic kidney disease with tuberous 

sclerosis were confirmed by molecular analysis in both cases.  

In 32 patients, the clinical diagnosis was unclear. 

In 12 of these patients, the suspicion of attending clinician was ARPKD or another cystic phenotype, such as 

ADPKD, RCAD syndrome etc. The genetic findings confirmed ARPKD in 4 patients (33%), RCAD 

syndrome in 2 patients (17%) and NPHP11 in one patient (8%). In 5 patients (42%) the genetic diagnosis 

remained unknown. 

In 19 patients, the clinical diagnosis was unspecified with only phenotype of cystic kidneys/cystic kidney 

dysplasia indicated. In those patients, molecular genetic analysis detected ARPKD in one patient (5%), 

suspicion of another diagnosis in 7 patients (37%) and the genetic diagnosis remained unknown in 11 

patients (58%). Seven patients with detected suspected variant in other genes were: siblings with PAX2 

partial deletion detected; one patient with variant in PAX2; patient with suspected variant in the SIX2 gene; 

sample from termination of pregnancy with deletion in the TRIM32 gene and missense variant in the MKS1 

gene identified; patient with combination of missense variant in PKHD1 and nonsense variant in TMEM237 

and patient with mosaic missense variant in the PKD1 gene detected in 20% of reads.  

In one patient with suspected RCAD syndrome or NPHP whole gene deletion of HNF1B was identified and 

RCAD syndrome confirmed. 

Group 2 (noncystic nephropathies) 

Group 2 counted 21 probands and 6 relatives and comprised patients with noncystic nephropathies. The 

detailed clinical data was not collected for these diagnoses as the inclusion of these diagnoses to the 

sequencing panel served more likely to map demands of clinicians for molecular genetic diagnosis for 

purposes of routine diagnosis. 
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The most indicated diagnoses were focal segmental glomerulosclerosis (FSGS) and atypical hemolytic 

uremic syndrome (aHUS) – both with 6 patients. Genetic analysis confirmed FSGS in one patient (17%), 6 

patients did not have causal mutation identified (83%). aHUS was confirmed in 2 patients (33%), in 

remaining 4 patients genetic analysis did not detect causal variant (67%). However, in one patient with 

clinically diagnosed aHUS variant in the PAX2 gene was detected by panel sequencing. 

In 3 patients, Gitelman syndrome was clinically diagnosed. In 2 patients (2 brothers) diagnosis was 

confirmed by panel sequencing. One patient remained without detected causal variant.  

Three patients were sent to the molecular analysis with general phenotype of chronic renal insufficiency. In 

one patient possible causal variant in the INF2 gene was detected and genetic diagnosis of FSGS made. One 

patient harbored missense variant with uncertain significance in the UMOD gene causing phenotype of 

medullary cystic kidney disease 2/familial juvenile hyperuricemic nephropathy (MDCK2/FJHN). In both of 

these cases, attending clinician agreed the clinical phenotype of patient could correspond to the phenotype 

caused by mutations in these genes. One patient remained genetically unresolved. 

Patients with clinically suspected branchiootorenal syndrome and nail-patella syndrome were confirmed on 

genetic level. In patient with suspected C3 nephropathy, no variant was detected. 

 

Overall, from all 149 patients, the analyses carried out within our project yielded final genetic diagnosis in 

84 patients (56%). In remaining 65 patients (44%), the genetic analysis did not detect causal variant/variants 

or raised the suspicion on another diagnosis. Also, in 6 samples, the clinical diagnosis was later changed by 

attending physician or the results of molecular genetic analysis were reported from another laboratory. 

Regarding the division into two groups, the yield of final genetic diagnosis was slightly higher in group of 

cystic kidney diseases (59%) versus noncystic kidney diseases (43%). 

The lower yield of detected causal variants was noted in prenatal cases. From 24 prenatal cases analyzed 

within our project, only 6 samples (25%) showed agreement in clinical and genetic diagnosis, in 4 samples 

(17%) the genetic analysis detected another causal variant and 14 cases (58%) remained genetically 

unsolved. The lower percentage of findings and high number of misdiagnoses in prenatal cases may be 

caused by still undeveloped phenotype with non-specific finding of renal hyperechogenicity on the prenatal 

ultrasound. This makes the discrimination of the disease etiology very difficult or even impossible (Tsatsaris 

et al., 2002). 

On the contrary, the prenatal/perinatal cases with perinatal death were usually correctly clinically diagnosed, 

as all 3 cases with suspected ARPKD harbored 2 causal mutations in the PKHD1 gene. This finding 

corresponds with the fact that typical severe form of ARPKD consist of prenatally enlarged kidneys with 

oligohydramnios and pulmonary hypoplasia causing respiratory distress (Guay-Woodford et al., 2014), 

which was found in all of these patients. Surprisingly, one case of prenatal manifestation of the disease with 

perinatal death remained unsolved, although typical findings indicating severe ARPKD were described in 
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the patient. Nevertheless, suspicion on NPHP was stated by attending clinician and not all clinical data were 

disclosed to the laboratory, so we do not have full clinical picture of the patient. 

Overall, in samples from terminated pregnancies, the mutational detection achieved the diagnosis in 31% (5 

patients). Higher yield – 75% (3 patients) –  was reached in prenatally diagnosed cases with perinatal death. 

Patients with prenatally diagnosed PKD who survived perinatal period reached the diagnosis in 62.5% (5 

patients). In children and adolescents with postnatally made diagnosis, the mutational detection was 

successful in 66% (41 patients) and quite similar yield was achieved in adult patients – with 63% (24 

patients). Our results are slightly lower compared to study by (Bullich et al., 2018), where mutational 

detection reached the diagnosis in 79% of terminated pregnancies, 86% of prenatally diagnosed patients who 

survived the perinatal period, 72% in postnatally diagnosed children and 80% of adults. However, the 

comparison is difficult as our inclusion criteria were quite open and even patients with unspecific clinical 

findings were included. 

 

DISCUSSION 

The analyses carried out within our project yielded final genetic diagnosis in 84 patients (56%) from group 

of 149 patients. In 65 patients (44%), the genetic diagnosis remained unknown or suspicion on other disease 

was raised. 

The emphasis of our project lies in molecular genetic analysis of ARPKD. Over the time of this project 44 

probands with clinically diagnosed ARPKD was sent to our laboratory. In 23 of them (52%) the diagnosis 

was confirmed and two probably causal mutations of the PKHD1 gene were detected in trans. The important 

clinical sign of ARPKD are, besides typical renal phenotype, abnormalities in liver (Guay-Woodford, 2015). 

This fact mirrors our results regarding yield of genetic diagnosis in clinically diagnosed ARPKD patients. 

From 21 patients with clinically suspected ARPKD but unknown genetic diagnosis, liver abnormalities were 

presented only in 33% (7 patients). Thirteen patients (62%) had normal liver phenotype, in one patient the 

information was not disclosed. On the contrary, from 28 patients with genetically confirmed ARPKD 

(regardless clinical diagnosis), 19 of them (68%) had liver abnormality, 7 of them (25%) had normal liver 

findings and in 2 (7%) liver phenotype was not disclosed. The importance of corresponding liver phenotype 

was also described in our article where partial results were presented (Obeidova et al., 2015). 

Interesting findings with an impact on our routine diagnosis was identification of five (11%) patients with 

NPHP11 in our clinically diagnosed ARPKD patients, and additional 2 patients with TMEM67 mutations 

with other clinical diagnosis. Extensive study published in 2011 counting 440 patients with NPHP-related 

ciliopathies detected 26 patients (from 20 families) with recessive TMEM67 mutations (Chaki et al., 2011). 

Liver fibrosis was presented in 16 of these families, abnormalities in CNS in 10, mental retardation in 14 

and retinal coloboma in 8 of these families. Also, authors noted they never detected patient with 2 nonsense 
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mutations – this is true for our patients as well. In our patients, liver fibrosis was detected in 3 patients, in 3 

patients the hepatic findings were normal and in one patient the information was not disclosed. Eyes 

abnormalities manifested in our patients were oculomotor apraxia and nystagmus. Oculomotor apraxia was 

also described in patient with NPHP11 in (König et al., 2017). Although results by Chaki et al. indicate the 

CNS abnormalities are very common in NPHP11, no one of our patients showed abnormal CNS phenotype. 

This fact may be caused by type of mutation detected in our patients. Five patients harbored homozygous 

mutation p.Cys615Arg, one patient harbored this mutation in combination with another TMEM67 mutation. 

Mutation p.Cys615Pro was already described by Otto et al., 2009 as hypomorphic allele associated with 

phenotype of NPHP with hepatic fibrosis and no brain anomaly. That would correspond with our finding 

that the only patient without p.Cys605Arg was sample of fetus from termination of pregnancy (i.e. severe 

form of the disease). Moreover, in the study by Otto et al., haplotype analysis using highly polymorphic 

microsatellite markers revealed a shared haplotype indicating inheritance of the p.Cys615Arg mutation from 

a common ancestor.  

In conclusion, due to relatively high number of patients with TMEM67 variant in our group of patients, and 

especially in patients with clinically diagnosed ARPKD, we added TMEM67 to our routine diagnosis of 

patients with ARPKD, as it seems the differential diagnosis of ARPKD and NPHP11 is complicated or 

NPHP11 is sometimes underestimated or overlooked in clinical practice. 

Relatively high number of patients had only one probably pathogenic variant in the PKHD1 detected. One 

PKHD1 variant without any other variant detected was in 7 patients, additional 5 patients had combination 

of PKHD1 variant and variant in another gene identified. These findings are in concordance with literature, 

as single heterozygous PKHD1 variant was detected in 36% of 164 ARPKD patients by (Bergmann et al., 

2005a). 

 The study of obligate carriers (parents of ARPKD patients) executed in 2011 showed that carrier status for 

ARPKD is a predisposition to renal and liver involvement including increased renal medullary echogenicity 

and asymptomatic polycystic liver disease with hepatic fibrosis (Gunay-Aygun et al., 2011). Nevertheless, 

phenotype of carriers described is much less severe than in our patients.  

The findings of relatively high number of patients with single heterozygous variant in PKHD1 can have 

several possible reasons.  

First, the method of analysis can miss some mutation. Nevertheless, some of the patients were analyzed by 

454 sequencing of the PKHD1 gene and then by SBS panel sequencing. The results were always the same. 

Second, the variant can be missed by our analysis as it is located in a deep intronic region, other regulatory 

region or even in one of the alternate exons of the PKHD1. PKHD1 has several alternate exons (more in 

Onuchic et al., 2002). However, three studies in which analysis of alternate PKHD1 exons was also done did 

not detect causal variant or described variants with unknown significance (reviewed in Gunay-Aygun et al., 

2010). The causal variant in deep intronic variant was already described in one publication (Michel-
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Calemard et al., 2009). In this article, 4 families were described with variant IVS46+653A>G which causes 

insertion of the new out-of-frame pseudoexon responsible for formation of a premature stop codon in exon 

47. We cannot rule out the presence of variant with possible effect on final phenotype of our patients in a 

region that is not analyzed.  

High proportion of ARPKD cases negative for PKHD1 mutation or with only one detected mutation were 

investigated in publication by Szabó et al., 2018. The results of this study showed that screening for PKHD1 

CNVs in patients with a heterozygous point mutation is recommend. However, in our group of patients with 

single PKHD1 mutation, MLPA of PKHD1 was done in 10 of 13 patients (in one case parents of proband 

were analyzed) and no gene rearrangements were identified. 

Another possibility is that combination of mutation in the PKHD1 and another gene could cause the final 

phenotype in patient. The combination of mutations causing severe type of PKD was described in several 

families with dominant PKD1/PKD2 mutation and mutation in PKHD1/HNF1B (Bergmann et al., 2011). In 

our case the combinations were PKHD1 variant and: PKD1 variant (segregation showed that one variant 

was inherited from father, one from mother); ACTN4 (FSGS) variant (DNA samples of parents were not 

available); ZNF423 (NPHP14) (DNA samples of parents were not available); NPHP3 deletion of several 

exons in one patient, and TMEM237 variant in one patient (segregation showed that one variant was 

inherited from father, one from mother, healthy sister had neither of the variants). Although in the first 3 

patients the second variants are predicted to be likely benign, the NPHP3 deletion and TMEM237 variant are 

likely to be pathogenic.  

Overall, 69 variants in the PKHD1 gene were detected in our group of patients; with 13% (9) of nonsense 

variants, 20% (14) of frameshift variants, one intronic variant, one deletion of exon 62 and 64% (44) 

missense variants. This roughly corresponds to study of 164 ARPKD patients conducted by prof. Bergmann 

where missense variants accounted for about 77% of all variants and truncating variants (nonsense and 

frameshift) for 23% (Bergmann et al., 2005a). 

Missense variant p.Thr36Met (T36M) was detected in 20% of all findings (14x). T36M is a well-known 

recurrent variant occurring in every PKHD1 mutational study, and constituting (which precisely corresponds 

with our findings) approximately every fifth mutated PKHD1 allele (Bergmann et al., 2005b). Although 

missense variant, T36M is associated with rather severe phenotype as it possibly represents a potential 

alternative initiation codon that is predicted to be stronger than the native start codon (Furu et al., 2003). 

This also corresponds with our findings that T36M was, in combination with nonsense or frameshift variant, 

found in 4 of 6 prenatal cases with termination of pregnancy or perinatal death. Besides T36M, PKHD1 has 

no other mutational hotspot and variants are located throughout the whole gene. 
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In clinically diagnosed patients with ADPKD, the mutational detection rate reached 68%. Unsurprisingly, 

the yield was higher in probands from families with history of ADPKD – 82%. The unclear outcome of 

sequencing analysis came out in one patient. In this girl, mosaic missense variant in the PKD1 gene was 

detected. The variant was identified with 20% of allele frequency which was confirmed also by Sanger 

resequencing. The cases of somatic mosaicism were already described in families with ADPKD, 

nevertheless the carriers of mosaic variant were either asymptomatic (even with nonsense mutation with 

high allele frequency in blood sample) (Connor et al., 2008) or mildly affected (Reiterová et al., 2013). Our 

patient had ADPKD with very early onset and missense PKD1 variant of uncertain significance with 20% 

allele frequency from blood sample. Although, it is possible that allele frequency in patient’s kidneys is 

higher, we could not make the final diagnosis based on this finding. 

Overall, ADPKD was genetically proven in 31 patients from our analyzed set. Only mutations in the PKD1 

gene were detected. The majority of variants were frameshift (36.4%) variants, nonsense and missense 

variants accounted for 24,3% each. Intron variants were found in 3 cases (9%) – two of them were brothers, 

and also in two siblings, deletion of one amino acid was detected (6%). Partial deletion of PKD1 together 

with partial deletion of TSC2 was detected in patient n. 90 with correctly diagnosed  TSC2/PKD1 

contiguous gene syndrome. This corresponds to percentages found in study of 324 ADPKD patients, where 

missense mutations formed about 19%, truncating about 67% and in-frame deletion about 13% of all 

patients (Rossetti et al., 2002). 

ADPKD is characterized by high allelic heterogeneity where no single mutation accounts for more than 2% 

of the total patient population (Bergmann et al., 2018). This was also observed in our group of patients. The 

presence of same mutation was observed only 3 times. Two times in siblings and one time in two, to our 

knowledge, unrelated patients. 

In group of patients with clinically diagnosed PKD of unknown etiology, seven patients harbored mutations 

that raised the suspicion on final diagnosis: patients n. 83 and 84 – siblings with PAX2 partial deletion 

detected; patient n. 78 with variant in PAX2; patient n. 81 – with suspected variant in the SIX2 gene; patient 

n. 126 – sample from termination of pregnancy with deletion in the TRIM32 gene and missense variant in 

the MKS1 gene identified; patient n. 63 with combination of missense variant in PKHD1 and nonsense 

variant in TMEM237 and patient n. 68 with mosaic missense variant in the PKD1 gene detected in 20% of 

reads.  

Patients 83 and 84 were brother and sister with healthy parents who had early manifestations of microcystic 

disease of unknown etiology. Moreover, both had eyes abnormalities. Panel sequencing detected deletion of 

several exons of PAX2 gene in both siblings (NM_003990.5, exons 7 to 11). Hence, the suspicion on 

papillorenal syndrome was raised. Papillorenal syndrome (OMIM:120330) or renal-coloboma syndrome is a 

disorder caused by mutations in the PAX2 gene with autosomal dominant inheritance. The typical 
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manifestation of papillorenal syndrome includes bilateral optic nerve colobomas and renal hypoplasia. 

Additional symptoms can also include vesicoureteral reflux (VUR, condition in which urine flows backward 

from the bladder to one/both ureters or to the kidneys), auditory anomalies, CNS anomalies, and skin and 

joint anomalies (reviewed in Ecoles and Schimmenti, 1999). These symptoms would correspond to the 

disease manifestation in both children. The deletion is yet to be confirmed by another method and DNA of 

probands healthy parents will be as well analyzed. Nevertheless, we do not expect to find the deletion in the 

parents and rather suspect germline mosaicism in one of them (germline mosaicism has been already 

described in family with 3 affected siblings with PAX2 mutation (Amiel et al., 2000)). 

Interestingly, PAX2 variant was detected in yet another patient. Patient n. 78 is a woman with unknown PKD 

phenotype indicated by attending clinician. Also, clinician noted her nephew has severe VUR. In this patient 

intron variant (c.497-2A>G, intron 4) in the PAX2 gene was identified. Although this particular variant is 

described for the first time, intron variant IVS4-1G>T was already described in patient with papillorenal 

syndrome (Thomas et al., 2011). The variant is predicted to be pathogenic by automatic prediction generated 

by VarSome (Kopanos et al., 2019) following ACMG criteria (Richards et al., 2015). Thus, we believe the 

variant could be causal in the patient. 

Patient n. 81 was sent to the laboratory with unclear clinical diagnosis. He was an adult man with smaller 

kidneys with multiple cysts. No additional symptoms were noted by the clinician. The panel sequencing in 

this patient detected variant p.Pro241Leu in the SIX2 gene. This variant was described two times in literature 

with different conclusions. In the first publication, the variant was described in several patients with renal 

hypodysplasia (Weber et al., 2008). Within the study functional studies were provided and the conclusion 

was that abnormalities in the SIX2 gene are associated with defects of early kidney development. However, 

the study noted that pathogenesis of the disease is complex with multifactorial and/or polygenic actions and 

that this fact mirrors the incomplete penetrance in parental heterozygous mutation carriers. In the second 

publication, the variant was again detected in parental carriers and thus assessed as benign (Hwang et al., 

2014).  

Another unclear diagnosis was in patient n. 126. In this case, sample of the terminated fetus was sent to our 

laboratory, together with blood samples of both parents. Thus, trio was analyzed by panel sequencing. The 

results showed TRIM32 (BBS11) deletion of great part of the gene inherited from father, with MKS1 

(Meckel syndrome 1) missense variant p.Arg164His inherited from mother. Mutations in TRIM32 were 

identified in one family with Bardet-Biedl syndrome (Chiang et al., 2006). Recessive mutations in MKS1 are 

associated with lethal phenotype of cystic dysplasia with occipital encephalocele, biliary dysgenesis and 

polydactyly (Consugar et al., 2007). The prenatal cases with Meckel syndrome were studied in (Chaumoitre 

et al., 2006) with findings comprising cystic kidneys, oligohydramnios (in 78% of cases) and additional 

manifestations of occipital defects and vermian agenesis. We can only speculate about effect of both variants 

on the final phenotype of the fetus, nevertheless combinations of MKS1 and BBS (but not TRIM32/BBS11) 



17 

 

variants in compound heterozygous or trialellic form (heterozygous in one gene and homozygous in second 

gene) were described in literature (Leitch et al., 2008). In this article combinations of missense MKS1 

variants with truncating (frameshift or nonsense) homozygous or heterozygous variants in the BBS1/BBS10 

genes were described. Unlike our patient, patients in the publication were children between ages 7-10 years 

with additional symptoms, such as seizures, deafness or dental anomalies. Unfortunately, to explore the 

possible effect of both variants/genes on the disease development would require extensive functional studies 

which are not feasible in our laboratory. 

The findings suggesting germline (or somatic) mosaicism in family were made in three cases during our 

project. Two brothers harbored same mutation in the PKD1 gene while in neither of unaffected parents the 

variant was identified. In this case, paternity was done and showed that both parents are indeed the birth 

parents of the brothers. Another case was already mentioned – brother and sister with PAX2 partial deletion. 

Although the DNA of parents was not yet analyzed, the deletion seems to be the culprit of the disease in 

their children, so we do not expect it to be present in heterozygous state in blood samples of the parents. 

Nevertheless, the paternity was not tested in this case. The last case is of proband n. 100. In this family 

pathogenic variant in PKD1 was identified in proband and her maternal half-sister. However, their 

unaffected mother did not carry the mutation in blood or buccal sample. Hence, we suspect the variant is 

present in gametes and possibly other tissues of the mother.  

In conclusion, the germline mosaicism (as well as somatic mosaicism or presence of hypomorphic alleles) 

must be considered in families without apparent family history of the autosomal dominant disease. In cases 

of ADPKD, number of families with described germline (or somatic) mosaicism is still increasing in the 

literature (Iliuta et al., 2017; Reiterová et al., 2013; Tan et al., 2015). 

Regarding the findings in the group of patients with clinically diagnosed noncystic nephropathies the 

molecular genetic analysis yielded final genetic diagnosis in 43% (9 patients). In 11 cases (52%) the genetic 

diagnosis remained unknown. Emerging demand from collaborating physicians is for genetic testing of 

atypical hemolytic uremic syndrome. Atypical HUS manifests with acute kidney injury, thrombocytopenia 

and microangiopathic hemolytic anemia, and at least 50% of patients have an underlying inherited and/or 

acquired complement abnormality (reviewed in Goodship et al., 2017. The genetics of aHUS is complicated 

by several factors. The final phenotype can be caused by mutations in several genes and also by combined 

heterozygous mutations in two of these genes (Rodríguez De Córdoba et al., 2014). Moreover, the 

polymorphisms acting as a risk or protective factors affecting the disease predisposition have been described 

(Caprioli et al., 2003; Noris et al., 2010). The value of segregation analysis in family is also decreased by 

only approximately 50% penetrance of aHUS-associated genes (Rodríguez De Córdoba et al., 2014). Our 

laboratory received 6 patients with clinically suspected aHUS. In two patients, aHUS was confirmed by 

molecular genetic analysis. However, in healthy relatives of one patient, the variant was also found. This 
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may be caused by reduced penetrance of the allele or by benign effect of the allele on the phenotype of the 

patient. 

We are aware of the limitations of our study. In the first place, it is the complicated algorithm of performed 

methods that differ in individual patients. This is caused by gradual implementation of various methods 

throughout the years and also by complications in PKD1 gene analysis. However, new method is now tested 

in our laboratory where PKD1 can be sequenced within standard panel of genes. Also, with introduction of 

panel sequencing, CNV analysis can be provided by bioinformatic processing and MLPA analysis can be 

used just for confirmation. 

Great emphasis is now on bioinformatic processing of sequencing data. The whole process is very complex 

with number of steps, and thus prone to mistakes. The final evaluation of variant pathogenicity is the central 

problem of the assessment of genetic diagnosis. Throughout the project the uncomplete clinical data or even 

unclear clinical diagnosis complicated evaluation of an indistinct variants. Also, segregation analysis was 

usually prolonged or impossible due to non-available DNA samples of proband’s relatives. Because of that, 

DNA samples of parents will be required at least in the suspected disease with recessive inheritance and in 

cases of prenatal diagnosis. Also, questionnaire with clinical data will be required. Another step to variant 

evaluation is without question functional analysis. Nowadays, this is impossible in our laboratory as it is 

mostly adapted for routine genetic diagnostics. 

 

CONCLUSION 

The group of 149 patients with cystic and noncystic nephropathies and their 176 relatives was analyzed 

between years 2012 and 2019 at the Institute of Biology and Medical Genetics. The methods used for the 

sequencing analyses evolved from sequencing of  the PKHD1 gene in the beginning of the project to panel 

sequencing comprising at first 118 genes, later 153 genes. 

The analyses carried out within our project yielded final genetic diagnosis in 84 patients (56%). In 

remaining 65 patients (44%), the genetic analysis did not detect causal variant/variants or raised the 

suspicion on another diagnosis. In group of patients with cystic diseases (128 patients) the mutational 

detection yield was slightly higher reaching 59% versus 43% in noncystic kidney diseases (21 patients). 

To conclude, a panel of genes associated with formation of nephropathies allows comprehensive and rapid 

diagnosis of kidney diseases even in cases with ambiguous or not fully developed phenotype. The correct 

final diagnosis allows better care of the patient, as it can avoid unnecessary diagnostic procedures, sets the 

prognosis of the disease, and enables extrarenal comorbidities to be detected and treated early. Lastly, it 

enables genetic counselling for other family members including prenatal diagnostics for the next 

pregnancies of the parents. 
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