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ABSTRACT

Background. Polycystic kidney diseases (PKD) are an important cause of chronic kidney disease (CKD). Autosomal
dominant polycystic kidney disease (ADPKD) due to PKD1 or PKD2 mutations is the most common form, but other genes
can be responsible for ADPKD and its phenocopies. Among them, a form of atypical ADPKD caused by DNAJB11
mutations (DNAJB11-PKD) has been recently described.
Methods. We retrospectively recruited a cohort of 27 patients from six different families sharing common ancestries
and harboring the same DNAJB11 mutation (c.100C>T, p.Arg34*) and we compared it with a cohort of 42 typical ADPKD
patients.
Results. DNAJB11-PKD patients show small/normal-sized kidneys, with significantly smaller cysts and a slower
progression to end-stage kidney disease (ESKD) than ADPKD patients. In the DNAJB11-PKD cohort, the cystic phenotype
could not be detected by ultrasound in about half of the patients, but all cases with available computed
tomography/magnetic resonance scans displayed cysts. Clinically, DNAJB11-PKD patients displayed proteinuria (mostly
albuminuria). Compared with ADPKD, DNAJB11-PKD patients were older and had a higher prevalence of type 2 diabetes
mellitus (19% versus 0%; P = 0.007) and nephrolithiasis (62% versus 29%; P = 0.01), whereas the prevalence of cardiac
valvular defects was lower (4% versus 51%; P < 0.001).
Conclusions. Overall, clinical features of DNAJB11-PKD were more subtle compared with those of ADPKD. DNAJB11-PKD
shows a unique renal and extrarenal phenotype, clinical presentation and natural history. Therefore our data support
that this genetic disease is classified separately from ADPKD.
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GRAPHICAL ABSTRACT
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INTRODUCTION

Monogenic inherited diseases are underestimated but impor-
tant causes of chronic kidney disease (CKD) and despite the
rapid increase in knowledge, they are identified in <10% of CKD
patients [1, 2]. Among monogenic causes of CKD, polycystic kid-
ney disease (PKD) represents a group of disorders with a clin-
ical and genetic heterogeneity and a variable phenotype, from
early manifestations during pregnancy or childhood to oligo-
symptomatic cases until adulthood [1, 3–8].

Among different PKDs, autosomal dominant polycystic kid-
ney disease (ADPKD) is recognized as the most common in-
herited kidney disease, with an estimated prevalence of 1:2500
[6]. ADPKD is a genetically heterogeneous disease, with two
main causative genes, PKD1 (chromosome 16.p13.3) and PKD2
(chromosome 4p21) that account for the 72–78% and 15% of af-
fected patients [3–7, 9, 10], respectively. There are some other
genes that are rarely described in ADPKD, particularly GANAB
(chromosome 11q12.3) and the causative genes of autosomal
dominant polycystic liver disease (ADPLD) (such as PRKCSH,
SEC63, LRP5, PMM2, ALG8, ALG9 and SEC61B) that can mildly af-
fect the kidneys [4, 10]. PKD phenocopies due to genetic variants
in numerous other genes (such asHNF1β, UMOD, PKHD1, COL4A1
or TSC1/2) have been reported as well [11, 12]. Nevertheless, ∼7–
10% of all ADPKDpatients remain genetically unresolved despite
a clinical and radiological diagnosis [13]. Recently a large cohort
of ADPKD patients negative for all known genes was examined
[13] and a new gene (DNAJB11 in chromosome region 3q27) was

described as being responsible of an atypical dominant form of
ADPKD (DNAJB11-PKD).

DNAJB11 encodes a co-chaperone of the endoplasmic retic-
ulum (ER), also called ERdj3. It is a part of the HSP40 protein
family and plays a central role in both intracellular and ex-
tracellular proteomic homeostasis (proteostasis) [14–18]. It also
acts in the pathway of the unfolded protein response (UPR),
binding misfolded proteins and activating BiP, an HSP70 of
the ER whose function is to correct the misfolding. DNAJB11
malfunction disrupts its interaction with BiP and impairs
both proteostasis and upregulation of the UPR in response to
stress [14–18].

Herein we report the largest retrospective single-center co-
hort of DNAJB11-PKD patients carrying a single point nonsense
DNAJB11 mutation and belonging to a small village with less
than 2000 inhabitants perched in the Apennine Mountains near
Parma, Italy. This allowed us to precisely define the natural
history of the DNAJB11-PKD as well as the renal and extra-
renal phenotypes. Additionally, we compared DNAJB11-PKD pa-
tients with a cohort of ADPKD patients (carrying either PKD1 or
PKD2 mutations) to describe the differences between the two
diseases.

MATERIALS AND METHODS

In April 2018we identified two sisters with end-stage kidney dis-
ease (ESKD) on chronic hemodialysis carrying the same single
point nonsense pathogenic variant of DNAJB11 gene (c.100C>T,



DNAJB11-polycistic kidney disease versus ADPKD 1181

Table 1. Patients’ clinical data

Cystic disease

ADPKD DNAJB11-PKD

Characteristics n Mean ± SD % n Mean ± SD % P-value

Patients 42 27
Age at last follow-up (years) 42 55.0 ± 16.8 27 74.8 ± 12.3 0.000
Males/females 26/16 38.1 12/15 55.6 0.22
ESKD (y/n) 16/26 16/26 38.1 12/15 44.4 0.62
Age at ESKD (years) 15 59.9 ± 11.4 12 71.1 ± 4.5 0.006
Kidney diameter (cm)a 33 16.4 ± 4.6 22 10.3 ± 1.6 <0.001
Larger kidney cyst (cm) 29 5.7 ± 2.9 22 3.0 ± 2.5 <0.001
Pancreatic cysts (y/n) 2/38 5.0 1/22 4.3 1.00
Liver cysts (y/n) 30/10 75.0 11/12 47.8 0.06
Kidney stones (y/n) 12/29 29.3 16/10 61.5 0.01
Hb (g/dL)b 29 12.9 ± 2.3 23 11.0 ± 2.6 0.006
PTH (pg/mL)c 19 188.5 ± 196.5 14 305.8 ± 276.8 0.09
24-h proteinuria >00.5 g (y/n) 6/28 17.6 12/10 54.5 0.007
ESA use 5/28 15.2 9/16 36 0.12
Diabetes type 2 (y/n) 0/41 0.0 5/21 19.2 0.007
Cancer (y/n) 4/37 9.8 8/16 33.3 0.02
Valvular defectsd (y/n) 21/20 51.2 1/22 4.3 <0.001
Cerebrovascular disease (y/n) 0/41 0 2/21 8.7 0.12
Cardiovascular disease (y/n) 1/39 2.5 5/18 21.7 0.02
Hypertension 25/15 62.5 16/7 69.6 0.78

aKidney size is assessed using pole-to-pole diameter on ultrasound or pole-to-pole diameter on a sagittal scan on CT or MRI.
bFor 10 ADPKD patients, data were collected just before the beginning of dialysis; the other 19 patients had a mean eGFR of 80 mL/min/1.73 m2 using the CKD-EPI
equation. Among 5 DNAJB11-PKD patients, data were collected just before dialysis; the other 10 had a mean eGFR of 50 mL/min/1.73 m2.
cSeven ADPKD patients were starting dialysis; among others, the mean eGFR was 71 mL/min/1.73 m2. Five DNAJB11-PKD patients were starting dialysis and the other

eight had a mean eGFR of 51 mL/min/1.73 m2.
dThe valvular defects considered were mitral valve insufficiency,mitral valve stenosis, aortic valve insufficiency, aortic valve stenosis and tricuspid valve insufficiency.
Each of these defects could be mild, moderate or severe in different patients. Tricuspid valve stenosis and pulmonary valve defects were not reported among patients.

Hb, hemoglobin; PTH, parathormone; ESA, erythropoietin-stimulating agent.
Values in bold are statistically significant.

pArg34*). This variant leads to a stop codon, resulting in the pro-
duction of a shortened, and likely nonfunctional, protein. Subse-
quently, an in-depth analysis of the family history revealed other
patients followed for CKD/ESKD at our outpatient clinic and dial-
ysis service who shared common ancestors with the index fam-
ily. These patients underwent genetic analysis in the suspicion
of DNAJB11-PKD.

From April 2020, we conducted a retrospective analysis of
patients affected by DNAJB11-PKD and ADPKD (PKD1 and PKD2
genes) followed at the Nephrology Unit of the Parma University
Hospital from 2000 to today. We reviewed both the outpatient
clinic data and the dialysis registry.

We included all the patients whose diagnoses were estab-
lished in a proband with age-specific renal imaging criteria
and an affected first-degree relative with genetically proven
ADPKD/DNAJB11-PKD or with the identification of a heterozy-
gous pathogenic variant ofDNAJB11 or other ADPKD genes in the
proband [19]. No other mutations in genes known to be involved
in PKDhave been detected through thewhole exome sequencing
(WES) used in the original genetic analysis. A panel of 109 genes
created from the database Genomics England PanelApp (https:
//panelapp.genomicsengland.co.uk/) was used (Supplementary
data, Table S1) with an average coverage at 20X from 94 to 100;
the gene LRP5 was added to the panel, because it is reported
in association with ADPKD, whereas the gene MUC1, even if in-
cluded in the panel could not be considered because the vari-
able number tandem repeat domain usually harboring muta-
tions could not be correctly analyzed with WES.

Data analyzed for both cohorts (ADPKD cohort and DNAJ11-
PKD one) were as follows: clinical history, imaging findings
[renal size, defined as pole-to-pole diameter on renal ultra-
sound or as pole-to-pole diameter on the sagittal plane on
computed tomography (CT) or magnetic resonance (MR) imag-
ing when the kidneys’ diameter exceeded the scanning area
on ultrasound, as in some ADPKD patients, renal cyst diameter,
cyst localization in other organs such as liver and pancreas
(detected with ultrasound, CT and/or MRI), presence of valvular
defects on echocardiography (mitral valve stenosis and prolapse
or mitral valve insufficiency, aortic valve insufficiency or steno-
sis, tricuspid valve insufficiency or stenosis and pulmonary
valve insufficiency or stenosis]. Each defect was considered
independently of its grade––mild, moderate or severe—but
valve calcification was considered only in association with one
of the above defects, presence of vascular aneurisms or arteries
dissection and laboratory data (serum creatinine, creatinine
clearance, blood glucose level, hemoglobin A1c, serum and
urinary electrolytes, serum uric acid levels and urinary protein
levels). Urinary electrolytes, particularly sodium, potassium,
calcium, phosphate, citrate and oxalate, were analyzed as
factors predisposing to lithiasis.

Estimated glomerular filtration rate (eGFR) was calculated
using the Chronic Kidney Disease Epidemiology Collaboration
equation (CKD-EPI creatinine formula) [20]. Proteinuria was de-
fined as the presence of >0.5 g of protein in a 24-h urine collec-
tion or the presence of a urinary protein: creatinine ratio >0.5
g/g. Comorbidities were recorded at the last follow-up visit or at

https://panelapp.genomicsengland.co.uk/
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FIGURE 1: Family trees. (A–F) Family trees of the six families carrying the same DNAJB11 gene mutation from a restricted area in the Parma Appennines are reported.
All the families recognize parentage with a local great and enlarged family. Black squares and circles are genetically confirmed patients or first-degree relatives with
identical clinical/radiological presentations, while grey squares and gray circles are obliged carriers.

the beginning of dialysis in order to reduce confounding factors
linked to dialysis or to renal transplantation.

The study protocol conformed to the Declaration of Helsinki
andwas approved by a local research ethics committee (protocol
number 14721/2020). Informed consent was obtained from
the patients.

Statistical analysis

We used Stata version 17 (StataCorp, College Station, TX, USA)
for all the analyses. A two-sided P-value <0.05 was regarded as
statistically significant.We compared two-sample differences in
continuous variables using the Mann–Whitney U test and those
in categorical variables using Fisher’s exact test.
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We used the least absolute shrinkage and selection operator
(LASSO) [21] to identify which clinical characteristics helped in
discriminating between ADPKD andDNAJB11-PKD as the depen-
dent dichotomous variable (1 if DNAJB11-PKD and 0 if ADPKD).
LASSO is meant for high-dimensional models having too many
potential covariates (possibly highly correlated) for the sample
size. It is meant to avoid overfitting the dataset by preventing
the inclusion of spurious predictors that would likely not be con-
firmed upon validation in an external dataset. LASSO is a proce-
dure for selecting covariates: it does not provide P-values. LASSO
estimates coefficients of the regression model as a function of a
tuning parameter that ‘shrinks’ the coefficient toward zero as
its value gets larger. In other words, the value of the tuning pa-
rameter acts as a volume knob: large values of the parameter
penalize model complexity (i.e. a large number of predictors),
whereas smaller values weakly penalize model complexity. By
setting some coefficient to zero, the tuning parameter deter-
mines which variables the LASSO will eventually exclude. The
potential values of the tuning parameter cannot be estimated by
the data, therefore their candidate values need to be calculated
by cross-validation.We chose the final optimal value of the tun-
ing parameter based on the Bayesian information criterion. We
fitted LASSO via logistic regression on the 61 patients with all
clinical variates available.

We reported how the rates of ESKD and death vary with the
patient’s age using cumulative failure rate (hazard) functions.
The advantage of using cumulative hazard rates over Kaplan–
Meier estimateswas 2-fold: first, unlike Kaplan–Meier estimates,
the cumulative hazard function does not rely on the assump-
tion of ESKD and death being independent from each other;
second, the cumulative hazard estimates cannot immediately
be interpreted as a conditional probability of failure from birth,
which would be misleading since we could not retrospectively
select and follow-up all affected patients since time of birth.
The interpretation of the cumulative hazard rate function is as
follows: if the hazard (of ESKD or death) is constant over age
bands, then the cumulative hazard will increase linearly with
age; if the hazard increases with age, the cumulative hazard
will increase nonlinearly, showing an increase in slope with
increasing age; if the hazard decreases with age, the cumulative
hazard will still increase, but now with a decrease in the slope
[22]. We tested the differences in hazard functions between
ADPKD and DNAJB11-PKD using Mantel–Cox method.

RESULTS

We identified 42 patients deriving from 23 families with genet-
ically proven PKD1-PKD2 ADPKD diagnosis (35 harboring a PKD1
mutation and 7 a PKD2 mutation; stratified data are shown in
Supplementary Data, Table S2) and 27 patients with DNAJB11-
PKD from six related families. No other mutations in genes
known to be involved in PKD have been detected through the
WES used in the original genetic analysis.

Patients’ characteristics for both cohorts are reported in
Table 1.

DNAJB11-PKD patients

The six different DNAJB11-PKD families acknowledge parent-
age with a great and enlarged family in the Parma Appen-
nines [23] (Figure 1). Among them, 14 patients carried the re-
ported mutation of the DNAJB11 gene. The other 13 patients
were identified retrospectively as DNAJB11-PKD first-degree rel-
atives from highly suggestive imaging. In 11 patients (41%), the

FIGURE 2: (A) Plot of albuminuria or (B) proteinuria against eGFR at the time of

urine collection. 24-h proteinuria/albuminuria appearance was unrelated with
eGFR or the presence of diabetes.

peculiar radiological renal appearance was described by CT or
MRI, while ultrasound was not conclusive for diagnosis. Among
them, three patients displayed ESKD.Overall, 12 of 27 (44.4%) pa-
tients with DNAJB11-PKD reached ESKD at a mean age of 71.1 ±
4.5 years. Only one patient had a pancreatic cyst, while liver
cysts were documented in 47.8% of the cohort. Imaging find-
ings or a suggestive clinical history of nephrolithiasis was iden-
tified in 16 patients (61.5%), but urinary electrolyte analyseswere
available only for a minority of patients and a specific excre-
tory profile could not be defined. The mean renal diameter was
10.3 ± 1.6 cm, while the mean diameter of the bigger cyst mea-
sured 3 ± 2.5 cm. Among comorbidities, 5/26 (19.2%) were af-
fected by type 2 diabetes mellitus (T2DM) and 8 (33.3%) patients
by malignant neoplasms. Specifically, malignancy diagnoses
were two breast cancers, two prostate cancers, one melanoma,
one hepatocellular carcinoma, one bladder cancer and one acute
myeloid leukemia. About 70% of the patients were hyperten-
sive; two patients had a stroke and five a myocardial infarction,
whereas only one patient displayed a cardiac valvular defect.
Moreover, >50% of patients with proteinuria available showed
24-h proteinuria >1 g/day, mainly represented by albuminuria.
Of them, four patients had diabetes while two patients without
T2DM presented with nephrotic-range proteinuria (renal biopsy
was not performed for the presence of renal cysts) (Figure 2). A
total of 36% of cases had a combination of lithiasis/proteinuria.
Finally, we analyzed how patients were initially diagnosed
before genetic analysis. Seven of 27 (26%) patients were di-
agnosed as having ADPKD; 6 patients (22%) had a previous
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FIGURE 3: Variables characterizing DNAJB11-PKD patients. LASSO for variable selection via logistic regression for discriminating between ADPKD and DNAJB11-PKD.

The plot shows standardized coefficient estimates (y-axis) as a function of the ‘L1-norm’ of the standardized coefficients (i.e. themaximumallowed sum of the absolute
values of the coefficients) (x-axis). The tuning parameter (not shown in the plot) ‘shrinks’ the coefficient toward zero as its value gets larger. By setting some coefficient
to zero, the tuning parameter determines which variables the LASSO will eventually exclude. The final value of the L1-norm (vertical dash line) resulted from the

selection among the potential candidates of the tuning parameters that were estimated by cross-validation (see text) of the one value that minimized the Bayesian
information criterion. Age at last follow-up, valvular defects (negative association with DNAJB11-PKD), kidney stones and type 2 diabetes were the variables with the
largest standardized coefficients and that were eventually selected by LASSO.

diagnosis of medullary sponge kidney disease (MSKD) and 10
patients (41%) did not have a definite diagnosis. Curiously, four
patients (15%) were reported as suspected diabetic nephropathy.
Five of six patients diagnosed as having MSKD belonged to the
same family; among other family members, one was recognized
as having MSKD. The diagnosis in affected patients was based
on ultrasonography without the use of intravenous urography.

ADPKD patients

In contrast, in the ADPKD cohort the clinical diagnosis was
achieved before genetics in the whole cohort. A total of 39 pa-
tients carried a mutation of PKD1 and 3 of PKD2. Overall, 16 of 42
patients (38.1%) reached ESKD at amean age of 59.9 ± 11.4 years.
Only 2 patients displayed pancreatic cysts,while liver cysts were
detected in 29 (72.5%). Nephrolithiasis was identified in 29.3% of
cases. The mean renal size was 16.4 ± 4.6 cm, with a median
diameter of the bigger cyst of 5.5 cm (range 2–13.5). No patient
had T2DM and four (9.8%) had a neoplasia (an ovarian cancer, a
breast cancer and two cases of skin cancer). Hypertension was
present in 62.5% of the patients, while cerebrovascular disease
was not diagnosed in the whole cohort, and only one patient
reported a myocardial infarction. Cardiac valvular defects were
reported in 21 of 41 (51.8%) patients. No intracranial aneurysm
was detected; however, only 25.5% of patients underwent mag-
netic resonance imaging (MRI) angiography of cerebral vessels
as a screening exam.

Comparison between DNAJB11-PKD versus
ADPKD patients

An ADPKD diagnosis was suspected before genetic testing in
a quarter of DNAJB11-PKD patients (26% versus 100% of the
ADPKD cohort; P < 0.001). The DNAJB11-PKD cohort presented

a significantly smaller renal size (mean 10.3 versus 16.4 cm;
P < 0.001) and smaller renal cysts (mean 3 versus 5.7 cm;
P < 0.001). Therefore, whereas ultrasound could detect the pres-
ence of cysts in all ADPKD patients, it frequently missed the
presence of cysts in patients with DNAJB11-PKD, and almost
half of them eventually required MR/CT studies (supplementary
data, Figure S1).

We used the LASSO statistical approach [21] to select among
the 61 patients with all clinical variates available (reported in
Table 1) the clinical characteristics that independently predicted
DNAJB11-PKD (Figure 3). Compared with ADPKD, DNAJB11-PKD
patients had a higher prevalence of T2DM (19% versus 0%) and
kidney stones (62% versus 29%), whereas the prevalence of
cardiac valvular defects was lower (4% versus 51%).

The risk of ESKD manifested after the age of 40 years in
ADPKD patients and after 60 years of age in DNAJB11-PKD pa-
tients, being the median time to dialysis start (respectively, 64.4
and 76.5 years; P = 0.0006, by Mantel–Cox test). In contrast,
the hazard of death was not significantly different between the
groups (Figure 4).

DISCUSSION

The presence of a DNAJB11 mutation as a cause of PKD was first
described in May 2018 by Cornec-Le-Gall et al. [13], who were an-
alyzing patients with genetically unresolved ADPKD. Even if this
first cohort was recruited among families with an established di-
agnosis of ADPKD or ADPLD, researchers described a quite differ-
ent disease, characterized by the development of multiple small
renal cysts, nonenlarged kidneys, the presence of chronic inter-
stitial fibrosis and development of ESKD in the sixth decade of
life [13]. They recognized this new entity as an atypical form
of ADPKD or a disease that combines features of ADPKD and
ADTKD (autosomal dominant tubulointerstitial kidney disease)
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FIGURE 4:Differences in renal outcome and death betweenADPKD andDNAB11-

PKD patients. (A) Cumulative failure rate (hazard) functions of ESKD in ADPKD
(red line) and in DNAJB11-PKD (blue line). The interpretation of the cumulative
hazard rate function is as follows: if the hazard of ESKD is constant over age
bands, then the cumulative hazard will increase linearly with age; if the hazard

increases with age, the cumulative hazard will increase nonlinearly, showing an
increase in slope with increasing age; if the hazard decreases with age, the cu-
mulative hazard will still increase, but now with a decrease in the slope. P-value

refers to the Mantel–Cox method. (B) Cumulative failure rate (hazard) functions
of death in ADPKD (red line) and in DNAJB11-PKD (blue line). P-value refers to
the Mantel–Cox method.

[24–26]. The subsequent work by Huynh et al. [27] better defined
the clinical spectrum of DNAJB11 kidney disease. It confirmed
the presence of nonenlarged kidneys with small cysts and the
development of ESKD between the fifth and eighth decade of life
and underlined the presence of liver cysts in ∼49% of patients
[13, 27].

Our data confirm prior findings in a well-characterized co-
hort. First, we showed that DNAJB11-PKD is characterized by sig-
nificantly low-normal-/normal-size kidneys with cysts smaller
than those of ADPKD counterparts. Another relevant issue
is that ultrasound for individuation of cystic disease in our
DNAJB11 cohort seems to be inadequate, whereas MRI allows an
early identification of patients, showing smaller cysts (Figure 5).

Interestingly, only a quarter of our DNAJB11-PKD cases had
a clinical diagnosis of ADPKD before genetic testing. Indeed, our
DNAJB11-PKD cohort belongs to a peculiar geographical area and
not, as in previous studies, to a quite undeniable ADPKD pheno-

type; therefore, we captured more DNAJB11-PKD cases in which
the cystic phenotype does not seem to be so suggestive.

The second most represented diagnosis in our cohort was
MSKD. Patients were diagnosed using ultrasonography, so even
if we have peculiar characteristics that addressed this diagno-
sis on imaging, we lacked what is recognized as the gold stan-
dard in the literature, intravenous urography. On the one hand,
the lack of the gold standard imaging technique could have led
to an incorrect diagnosis; on the other hand, considering that
an MSKD diagnosis mainly relies on an imaging study and that
only a small percentage of cases are genetically resolved, it could
be that different phenocopies of MSKD exist with different gene
mutations supporting a similar expression.

The hazard of ESKD in the DNAJB11-PKD cohort starts ∼15
years later than in the ADPKD cohort. The normal-sized kidneys,
smaller cysts, difficult diagnosis with ultrasound and later onset
of ESKD justify the frequent lack of a definite diagnosis, even in
the face of a suggestive family history of nephropathy.

From a clinical point of view, we documented that ∼20%
of DNAJB11 patients have T2DM, while our typical ADPKD co-
hort has no cases. A unique characteristic highlighted by our
DNAJB11-PKD cohort is the presence of proteinuria ranging from
mild levels to the nephrotic range; this finding is totally un-
expected in a patient with ADPKD. Interestingly, albumin con-
tributed the vast majority of urinary proteins, suggesting a
glomerular origin rather than a tubular one, despite the tubu-
lar dysfunction that is supposed to be associated with DNAJB11-
PKD [13, 24–26].Moreover, albuminuria was usually documented
at the time of diagnosis and in one PKD-DNAJB11 patient was
reported despite normal renal function. Proteinuria in DNAJB11-
PKD patients was not reported in previous studies; however, it is
unclear whether the data were available in the whole group [13].
Our data set the basis for further studies aimed at understand-
ing the pathophysiology of proteinuria/albuminuria in DNAJB11-
PKD patients.

The impaired proteostasis of the ER secondary to loss of func-
tion of DNAJB11 co-chaperone would explain the various clin-
ical expressions of DNAJB11-PKD. First, cystogenesis seems to
be caused by the disruption of proteostasis due to the defect
in the appropriate localization or secretion of different proteins
involved in cyst development such as polycystin 1, uromod-
ulin and MUC1 [13, 27]. Second, since UPR is involved in differ-
ent metabolic diseases and, specifically, regulates insulin resis-
tance, this pathologic variation would determine an augmented
insulin synthesis from β-cells leading to β-cell apoptosis and
T2DM, as the UPR is impaired [15, 28, 29]. Finally, ER stress and
UPR activation would both explain the appearance of relevant
proteinuria.

Kidney stones seem to be a characterizing feature of
DNAJB11-PKD. This could be related to the more relevant in-
volvement of the distal nephron rather than the proximal one
in DNAJB11-PKD compared with ADPKD. In fact, DNAJB11 is
predominantly expressed in the thick ascending limb of Henle’s
loop, in the distal tubule and in the collecting duct. However,
considering the small number of patients and that the analysis
of urine for factors predisposing to lithiasis was available in
only a few patients in our retrospective study, this observation
should be tested in a larger cohort. The LASSO analysis did
not detect a significant difference between cohorts in the
risk of malignancies, as the higher number of events in the
DNAJB11-PKD patients is probably due to the older age in this
cohort.

Previous studies on DNAJB11-PKD gave a general description
of clinical and imaging features, but they are mainly based
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FIGURE 5: Differences in kidney imaging in DNAJB11 and ADPKD. (A) Ultrasound shows in DNAJB11-PKD the presence of multiple small cysts distributed both in the
cortex and in the medulla with a normal-sized kidney. Hyperechoic spots (microcalcifications or small kidney stones) could also be detected. In ADPKD, ultrasound

shows enlarged kidneys with bigger cysts and the corticomedullary differentiation is not recognizable because of extensive parenchymal substitution with cysts. (B)
Contrast-enhanced abdomen CT does not add useful information in the diagnostic process of ADPKD. It is often crucial in DNAJB11-PKD diagnosis because it improves
the visualization of small cysts, whereas in ADPKD, cyst size is usually big enough to be detected without contrast in the context of enlarged kidneys. (C) The goal of
MRI for DNAJB11-PKD is detection of simple cysts with T2-weighted images and complicated hematic debris-filled cysts with T1-weighted fat saturation.

on clinical databases of unsolved genetic cases of ADPKD,
lacking a direct comparison with a typical ADPKD cohort. A
major strength of our study is that it includes the largest single
mutation cohort of DNAJB11-PKD, which allowed us to perform
a comparison with an ADPKD cohort to identify affinities and
divergences between the two diseases.

However, there are some caveats that should be consid-
ered in data interpretation. First, the two cohorts are relatively
small and some established comorbidities, such as intracranial
aneurysms, were not represented in the ADPKD cohort. More-
over, the DNAJB11-PKD cohort was older than the ADPKD co-

hort. Nevertheless, the reported clinical findings such as T2DM,
kidney stones and proteinuria/albuminuria seem to be peculiar
to DNAJB11-PKD versus ADPKD. Importantly, both DNAJB11-PKD
and ADPKD patients were followed at the same institutions for
years and came from the same area of origin, limiting potential
confounders.

The depicted DNAJB11-PKD disease is quite different from
ADPKD and has a slower and apparently benign course favoring
its local spread, particularly in the context of geographic isola-
tion, like in our cohort; indeed, biallelicmutations give rise to se-
vere neonatal cases with poor outcomes [30, 31]. Consequently,
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its recognition should prompt family screening even if clinical
manifestations arise in adulthood.

In conclusion, DNAJB11-PKD is characterized by normal-/
low-normal-sized kidneys, small renal cysts, significant protein-
uria and slowly developing CKD, with ∼30% of patients reaching
ESKD. It seems to be associated with important comorbidities,
such as T2DM and kidney stones.

Increased awareness among clinicians should be advised to
avoid misdiagnosis and improve patient management. More-
over, our work could provide a strong rationale for future
studies evaluating the pathogenic role of malfunctioning ER
co-chaperone DNAJB11 in the different manifestations of the
disease.
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