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Established Facts

•	 	Polycystic kidney disease (PKD) is an inherited disease characterized by multiple cysts in the kidneys 
sometimes accompanied by liver cysts. The most common form of PKD is autosomal dominant PKD 
(ADPKD), having a prevalence of 0.4% in live births.

•	 	A rarer form, autosomal recessive PKD (ARPKD), is seen in countries where consanguineous mar-
riages are more frequent.

•	 	The DNAJB11 gene, recently related to ADPKD, is located in chromosome 3q27 and encodes a soluble 
glycoprotein of endoplasmic reticulum.

Novel Insights

•	 	DNAJB11 biallelic mutations may cause an antenatal severe form of ARPKD.
•	 	The possibility of ARPKD due to biallelic mutations in ADPKD genes should be considered in genet-

ic counseling.
•	 	Bilaterally increased Virchow-Robin spaces, which indicate small vessel disease, in patients carrying 

monoallelic mutations in the DNAJB11 gene are a novel feature for this phenotype.

DOI: 10.1159/000513611
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Abstract
Polycystic kidney disease (PKD) is a life-threatening condi-
tion resulting in end-stage renal disease. Two major forms of 
PKD are defined according to the inheritance pattern. Auto-

somal dominant PKD (ADPKD) is characterized by renal cysts, 
where nearly half of the patients suffers from renal failure in 
the 7th decade of life. Autosomal recessive PKD (ARPKD) is a 
rarer and more severe form presenting in childhood. Whole-
exome sequencing (WES) analyses was performed to inves-
tigate molecular causes of the disease in the fetus. In this 
study, we present 2 fetuses prenatally diagnosed with PKD 
in a consanguineous family. WES analysis of the second fetus 
revealed a homozygous variant (c.740+1G>A) in DNAJB11 
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which is related to ADPKD. This study reveals that DNAJB11 
biallelic mutations may cause an antenatal severe form of 
ARPKD and contributes to understanding the DNAJB11-re-
lated ADPKD phenotype. The possibility of ARPKD due to bi-
allelic mutations in ADPKD genes should be considered in 
genetic counseling. © 2021 S. Karger AG, Basel

Introduction

Polycystic kidney disease (PKD) is an inherited kidney 
disease characterized by multiple kidney cysts and some-
times accompanied by liver cysts. The most common form 
of PKD is autosomal dominant PKD (ADPKD), with a 
prevalence of 0.4% in live births [Suwabe et al., 2020]. In 
OMIM, 4 genes (PKD1, PKD2, GANAB, DNAJB11) are 
listed as a cause of ADPKD [Mochizuki et al., 1996; Cor-
nec-Le Gall et al., 2013, 2018; Porath et al., 2016]. A rarer 
form, autosomal recessive PKD (ARPKD) is seen in coun-
tries where consanguineous marriages are more frequent 
[Alzarka et al., 2017]. Biallelic PKHD1 and DZIP1L patho-
genic variations are responsible for ARPKD [Bergmann et 
al., 2018]. Besides primarily related genes, also variations 
in genes associated with polycystic liver disease and cil-
iopathies are reported in PKD patients.

ARPKD presents more severely and at an earlier age of 
onset compared to ADPKD. ARPKD typically manifests 

perinatally or in childhood and the children die soon after 
diagnosis [Bergmann et al., 2018]. End-stage renal disease 
is expected in both forms, but in ADPKD renal functions 
remain normal for decades.

The DNAJB11 (DnaJ heat shock protein family (Hsp40) 
member B11) gene, recently related to ADPKD, is located 
in chromosome 3q27 and encodes a soluble glycoprotein 
of endoplasmic reticulum (ER). It functions as a cofactor 
of binding immunoglobulin protein (BiP) which is a 
chaperon located in ER and controls trafficking and fold-
ing of secreted and membrane proteins [Cornec-Le Gall 
et al., 2018]. Cornec-Le Gall et al. [2018] reported 7 AD-
PKD families carrying monoallelic DNAJB11 gene patho-
genic variants and revealed the affect of dysfunctional 
protein product.

In this study, we report a prenatally diagnosed PKD 
case who was stillborn at the 22nd gestational week (gw) 
to healty consanguineous parents. Whole-exom sequenc-
ing (WES) analyses revealed a homozygous DNAJB11 
variant segregating with the disease.

Case Report
A consanguineous couple was referred to our genetic 

diagnosis center due to bad obstetric history. The moth-
er was a 25-year-old with gravida 4, who had 2 first-tri-
mester miscarriages at the 7th and 9th gw, an a live-born 
at the 32nd gw, who died within 5 min after delivery 
(Case 1) and lastly an intrauterine death at the 22nd gw 

3 2

First trimester miscarriages

First trimester miscarriages

7 gw 9 gw 32 gw alive birth
Exitus in 5 minutes

Termination
at 22 gw

Nephrolithiasis

69 y-o diabetes, heart failure

Lung Ca, 71 y-o ex

45 y-o, cervix ca

Fig. 1. Pedigree of the family.
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(Case 2). Autopsy of the Case 1 revealed polycystic kid-
neys, cardiomegaly, and pericardial effusion. There were 
no documented data about the first 2 miscarriages. In the 
last 2 pregnancies, bilateral infantile polycystic kidneys, 
cardiomegaly and pericardial effusion were detected at 
20th gw in level 2 ultrasonography examination. The last 
fetus also had overriding aorta, ventricular septal defect, 
and pulmonary artery was not visualized. In postmortem 
fetal dysmorphic examination a broad nasal bridge, bi-
lateral epicanthus, bilateral simian creases, clinodactyly, 
bilateral pes equinovarus deformity, and normal external 
female genitalia were detected. There were no other skel-
etal anomalies nor polydactyly. Ultrasonography find-
ings also confirmed internal organ malformations and 
no other abnormality was reported. Serologic and third-
trimester biochemical screenings were normal. All were 
planned pregnancies with scheduled follow-up. Pedigree 
analysis revealed fourth-degree consanguinity between 
parents and father, and his 2 brothers had a history of 
recurrent nephrolithiasis. There were consanguineous 
marriages in the family with recurrent miscarriages 
which were not evaluated (Fig.  1). In the second case, 
prenatal conventional karyotyping and array-CGH anal-
ysis were normal.

Materials and Methods

For WES analysis, fetal DNA was extracted from umbilical 
cord blood with QiaAmpDNA mini kit (Qiagen Germantown, 
MD, USA), all coding gene regions were amplified using Agilent 
SureSelect Human All Exon V5 kit (Agilent, Santa Clara, CA, 
USA). Prepared library was sequenced on the Illumina NovaSeq 
platform (Illumina Inc., San Diego, CA, USA), according to man-
ufacturer guidelines. Data were analyzed using Sophia DDM® 
platform (Sophia Genetics SA, Switzerland). To call variants, se-
quencing data were aligned to human reference genome, hg19. 
Variants were filtered according to variant frequency among pop-
ulation studies (lower than 0.01 in 1000 Genomes, Exome Aggre-
gation Consortium database, Exome Sequencing Project, Ge-
nome Aggregation Database), zygosity (variant fraction >70%), 
and coding consequence (synonymous, missense, nonsense, 
frameshift/in-frame, indel, splicing donor or acceptor site, intron-
ic variants within 20 nucleotides from the exon/intron boundar-
ies) (Fig.  2). The Human Gene Mutation Database (HGMD), 
ClinVar, and our in-house database were screened for detected 
variants. For prediction of pathogenicity of novel variants, in sili-
co analysis tools including Provean, SIFT, MutationTaster, Poly-
Phen, and Human Splicing Finder (HSF 3.0) were used. For seg-
regation analysis of candidate disease-causing variants, periph-
eral blood was obtained from parents and after DNA extraction 
targeted sequences were amplified using proper primers via PCR. 
The PCR products were sequenced via Illumina MiSeq platform 
(Illumina Inc.).

Results

Clinical evaluation of the fetuses revealed PKD, which 
is lethal in the prenatal period and seems to be inherited 
in an autosomal recessive manner (Table  1). WES was 
performed from the cord blood of second fetus. Among 
the 43,339 variants detected, 55 homozygous rare vari-
ants in 48 distinct genes were retained after filtering the 
variants as described above. DNAJB11 was the only gene 
which was associated with a late-onset ADPKD previous-
ly [Cornec-Le Gall et al., 2018]. The other 47 genes were 
not involved in a PKD-associated pathway nor related to 
any kidney phenotypes.

The fetus carried a novel homozygous c.740+1G>A 
variant in the DNAJB11 (RefSeq ID: NM_016306) gene 

1) All nonsynonymous, nonsense, frameshift, splice-site,
no-start, no- stop and inframe variants

2) Synonymous and intronic variants affecting
the consensus splice-sites

3) Variants with MAF <1.0%
4) Variant frequency >70% (homozygous variants)

Conventional Karyotyping
Array-CGH (315 K)

Whole exome sequencing
(19,760 gene)

43,339 retained variants
(mean coverage 25 in 95%)

Phenotype associated
variants

1 candidate gene
(DNAJB11)

55 homozygous rare variants in 48 distinct genes

Fig. 2. Genetic testing algorithm.
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Table 1. Clinical presentation of cases

Case Fetus I Fetus II

Sex F F

Age of diagnosis 24 gw 20 gw

Faith of pregnancy 32 gw live birth
Exitus after 5 min

Termination at 22 gw

Renal findings Bilateral large polycystic kidneys Bilateral large polycystic kidneys

Cardiac findings Pericardial effusion
Cardiomegaly

Pericardial effusion
Cardiomegaly
VSD
Pulmonary stenosis
Overriding aorta

Other USG findings Oligohydramnios Oligohydramnios
Bladder and stomach were not visualized

Prenatal screening test (16 gw) NA AFP: 1,05 MoM; E3: 0,97 MoM
hCG: 0,49 MoM
DIA: 0,60 MoM

Prenatal genetic tests NA Karyotype: 46,XX
aCGH: 46,XX.arr(X,1–22)×2

WES result NA DNAJB11 c.740+1G>A, homozygous

NA, not available; gw, gestational weeks; VSD, ventricular septal defect.

Fig. 3. DNAJB11 (NM_016306) gene exon 7 – intron boundary. A novel homozygous c.740+1G>A variant in the 
fetus and  heterozygous c.740+1G>A variant in the  parents are shown.
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(Fig. 3). This variant was not reported previously in HGMD 
or ClinVar databases and was not present in population 
studies. The variant was predicted as disease causing via 
MutationTaster and alterating donor site and most prob-
ably affecting splicing via HSF [Desmet et al., 2009]. Seg-
regation analysis revealed that parents carried the muta-
tion in heterozygous state (Fig. 3). Parents were evaluated 
for ADPKD. Both had no complaints but nephrolithiasis. 
Imaging studies revealed multiple bilateral renal cysts, he-
patic cysts, and bilateral breast cysts in the mother. In the 
father, only fatty liver, hepatomegaly, and bilateral senso-
rineural hearing loss was detected. Cranial imaging showed 
bilateral increased Virchow-Robin spaces in both. Clinical 
findings of the parents are summarized in Table 2.

Discussion

The DNAJB11 gene is located in chromosome 3q27.3 
and spans 11 exons. It encodes a soluble glycoprotein that 
functions as a co-chaperone of BiP. This protein is a 

HSP70 molecular chaperon located in ER and has an im-
portant role in folding of many proteins. Protein folding 
errors cause many human diseases due to resulting in 
nonfunctional misfolded proteins and ER stress. DNA-
JB11 was associated with loss of maturation and appro-
priate localization of PKD1, which regulates multiple sig-
naling pathways to maintain normal renal tubular struc-
ture and function with PKD2 [Cornec-Le Gall et al., 2013; 
Song et al., 2009].

Cornec-Le Gall et al. [2018] previously reported DNA-
JB11 monoallelic mutations in a form of late-onset PKD 
(OMIM #618061). The study suggested that DNAJB11 
mutations result in impaired maturation of PKD1 caus-
ing cystogenesis. DNJAB11-related ADPKD patients 
have distinct features compared to the other ADPKD 
forms. Liver cysts were present in approximately half of 
the patients. All patients in the study had small renal cysts 
which did not lead to enlarged kidneys and were not de-
tected in younger individuals. End-stage renal disease 
and renal failure was an important cause of morbidity in 
the patients in their 6th and 7th decade [Cornec-Le Gall 

Table 2. Clinical findings of parents and comparision of DNAJB11-related ADPKD cases

Mother Father Reported cases (n/23)

Age 25 ys 32 ys Ranges between 19 and 80 ys

Nephrolithiasis + + 2/23

Hearing loss – Bilateral mild sensorineural hearing loss 1/23

Renal function Normal
Urine erithroctyte (+)

Normal Renal insufficiency in their 
6th-7th decade (7/20)

Renal imaging Multiple bilateral cysts (largest 18 mm) Normal 20/23 multiple renal cysts
1/20 no cysts (19 ys)
2/20 NA

Hepatic imaging 2 cysts (8 and 12 mm) Hepatomegaly
Fatty liver

9/23 multiple cysts
11/23 no cysts
3/23 NA

Cranial imaging Bilateral increased Virchow-Robin 
spaces (sublentiform area)

Bilateral increased Virchow-Robin 
spaces (sublentiform area)

NA

Other findings Unilateral breast cyst (5 mm) – Breast cancer
Colorectal cancer
Metanephric adenoma
Glioblastoma
Parathyroid adenoma
Hypertrophic cardiomyopathy
Epilepsy (2/23)
Parkinson disease
Gout (3/23)
Peptic ulcer

NA, not available; ys, years; +, present; –, absent.
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et al., 2018]. In our study, the parents carry the mutation 
in a heterozygous state; the 25-year-old mother had mul-
tiple cysts in kidneys and liver. The father’s renal and he-
patic MRI were normal, at the age of 32. Renal functions 
also were normal. The parents’ findings were compatible 
with the cases carrying DNAJB11 mutations reported 
previously, as stated in Table  2 [Cornec-Le Gall et al., 
2018]. Interestingly, cranial MRI revealed bilateral in-
creased Virchow-Robin spaces, which indicate small ves-
sel disease in both parents as a novel finding. In a recent 
study, cerebral microbleeds were reported in 27.3% PKD 
patients without enlarged perivascular space [Tsai et al., 
2020]. In another study, aberrant regulation of Notch3 
pathway was reported which may be a cause of enlarged 
perivascular space and was correlated with rapidly grow-
ing cysts in PKD mouse models and patients [Idowu et 
al., 2018]. In the study of Hunyh et al. [2020], aneurysms 
in thoracic aorta and intracranial vessels in 4 different 
families with DNAJB11 heterozygous mutation are re-
ported. We can conclude that MRI findings should be 
considered in ADPKD patients, especially having DNA-
JB11 mutations.

ARPKD is a more severe, early-onset PKD form. Usu-
ally the patients are diagnosed perinatally or at childhood. 
PKHD1 and DZIP1L mutations are the common causes 
of ARPKD. Also many more genes are related to PKD 
causing ciliopathies [Bergmann et al., 2018]. Widespread 
usage of next-generation sequencing strategies allowing 
analyses of multiple genes at once provide more informa-
tion about PKD. It is reported that biallelic mutations in 
PKD1, a well-known ADPKD gene, result in more severe 
and early-onset PKD [Vujic et al., 2010; Al-Hamed et al., 
2019]. In the present study, 2 fetuses in the same family 
were diagnosed as PKD at antenatal period, and we were 
able to perform WES in one of them.The DNAJB11 gene 
c.740+1G>A variant, which was the only variant related 
to PKD previously, was detected in a homozygous state, 
and the parents are heterozygous carriers of the mutation. 
This variation is predicted to disrupt the donor splice site 
in 7th exon-intron boundary. It is predicted to be a del-
eterious mutation according to clinical compliance, seg-
regation and in silico analyses. The mutation also is not 

present in any population studies and in our in-house da-
tabase. Functional splicing analysis could not be per-
formed due to the absence of fresh tissue of the fetus.

While preparing this paper, Jordan et al. [2021] report-
ed a fetus diagnosed with renal-hepatic-pancreatic dys-
plasia with a homozygous c.600–2A>C splice site muta-
tion in DNAJB11. The mutation was shown to cause tor-
tuous primary cilia in renal tubules in the fetus. Renal and 
cardiac features of the fetus were smiliar to our cases; 
however, pancreatic and hepatic findings were not men-
tioned in the autopsy report [Jordan et al., 2021].

In conclusion, this study reveals that DNAJB11 bial-
lelic mutations may cause an antenatal severe form of AR-
PKD and contributes to understanding DNAJB11-related 
ADPKD phenotytpes. The possibility of ARPKD due to 
biallelic mutations in ADPKD genes should be consid-
ered in genetic counseling.
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