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ABSTRACT 

Background. Autosomal dominant polycystic kidney disease ( ADPKD) is the most common inherited kidney disorder, 
characterized by development and enlargement of kidney cysts, eventually leading to end-stage kidney disease ( ESKD) . 
Pathogenic variants in the PKD1 and PKD2 genes are the major cause of ADPKD; additional rare variants in the GANAB , 
DNAJB11 , ALG5 and ALG9 genes have been found in a minority of ADPKD patients. More recently, a significant number of 
ADPKD families have been linked to monoallelic variants in the IFT140 gene. 
Methods. In this retrospective study, we tested the prevalence of the known causative genes of ADPKD-spectrum 

phenotype, including the PKD1 , PKD2 , GANAB , DNAJB11 , ALG5 , ALG and IFT140 genes, in a cohort of 129 ADPKD patients 
who consecutively underwent genetic testing in a single centre in Italy. Genetic testing utilized a combination of 
targeted next-generation sequencing, long-range polymerase chain reaction, Sanger sequencing and multiplex 
ligation-dependent probe amplification. Clinical evaluation was conducted through renal function testing and imaging 
features, including ultrasonography, computer tomography and magnetic resonance imaging. 
Results. Of the 129 enrolled patients, 86 ( 66.7%) had pathogenic variants in PKD1 and 28 ( 21.7%) in PKD2 , loss of function 

pathogenic variants in the IFT140 gene were found in 3 unrelated patients ( 2.3%) , no pathogenic variants were found in 

other ADPKD genes and 12 patients ( 9.3%) remained genetically unresolved ( ADPKD-GUR) . Familial clinical and genetic 
screening of the index patients with ADPKD due to an IFT140 pathogenic variant ( ADPKD- IFT140) allowed identification 

of eight additional affected relatives. In the 11 ADPKD- IFT140 patients, the renal phenotype was characterized by mild 
and late-onset PKD, with large renal cysts and limited kidney insufficiency. Extrarenal manifestations, including liver 
cysts, were rarely seen. 
Conclusion. Our data suggest the monoallelic pathogenic IFT140 variants are the third most common cause of the 
ADPKD-spectrum phenotype in Italy, usually associated with a mild and atypical renal cystic disease. 
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GRAPHICAL ABSTRACT 
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KEY LEARNING POINTS 

What was known: 

• Autosomal polycystic kidney disease ( ADPKD) is characterized by huge clinical variability, including early and late-onset 
disease. Major genes are PKD1 and PKD2 .

• In recent years, other cystogenes, including GANAB , DNAJB11 , ALG8 and ALG 5 , have been associated with rare mild and 
late-onset ADPKD spectrum. Recently, IFT140 has been added to the ADPKD genes.

• Thus the patient’s genotype is becoming even more relevant to add prognostic information and to offer a personalized 
follow-up and family counselling.

This study adds: 

• In our cohort, IFT140 variants are the third leading cause of ADPKD spectrum.
• ADPKD- IFT140 is a mild form of the disease, with large cysts and limited renal insufficiency occurring in older ages.

Potential impact: 

• These results suggest that genetic testing of IFT140 should be included in the clinical care of ADPKD patients.
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NTRODUCTION 

utosomal polycystic kidney disease ( ADPKD) is the most com- 
on inherited renal disorder, mainly characterized by progres- 
ive bilateral renal cyst development, leading to end-stage renal 
isease ( ESRD) in ≈50% of patients, at a median age of 58 years.
 well-recognized feature of ADPKD is the variability of the 
enal phenotype, mainly due to locus and allelic effects. In a few 
s
DPKD patients, onset of the disease is in late adulthood, with 
are progression to ESRD [1 , 2 ]. 

Pathogenic variants in PKD1 [Online Mendelian Inheritance 
n Man ( OMIM) : 601313] or PKD2 genes ( OMIM: 173910) are the 
ajor cause of ADPKD ( ≈78% and ≈15% of cases, respectively) 

1 , 2 ]. About 7% of ADPKD patients do not carry pathogenic vari- 
nts in the known genes, forming the group of ‘genetically unre- 
olved’ ( GUR) patients. ADPKD-GUR patients may be explained 
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y the presence of mosaicism or rare undetected pathogenic 
ariants in the known genes. Alternatively, ADPKD phenocopies 
ssociated with other hereditary renal diseases, i.e. autosomal 
ominant tubulointerstitial kidney disease ( ADTKD) or atypical 
lport syndrome with cystic phenotype [3 , 4 ], can be hypothe-
ized. Finally, additional genetic heterogeneity may be taken into 
ccount. 

In recent years, next-generation sequencing ( NGS) studies 
ave allowed identification, in some ADPKD-GUR patients, of 
he presence of heterozygous pathogenic variants in other cys- 
ogenes, including GANAB ( OMIM: 104160) , DNAJB11 ( OMIM: 
11341) , ALG5 ( OMIM: 604565) , ALG8 ( OMIM: 608103) and ALG9 
5 –9 ], partially accounting for the ≈7% of non- PKD1 or - PKD2
amilies. 

Typically these patients show a milder ADPKD phenotype 
ompared with ADPKD due to PKD1 variants ( ADPKD- PKD-1) and 
KD2 variants ( ADPKD-PKD2) . For example, ADPKD due to GANAB 
ariants ( ADPKD- GANAB) is characterized by variable liver cystic 
isease and few renal cysts, with slow progressive renal disease
6 ]; patients with ADPKD related to DNJAB11 variants ( ADPKD- 
NJAB11) show normal-sized cystic kidneys and progressive 
nterstitial fibrosis resulting in adult ESKD [7 ]; and patients
ith ADPKD due to ALG9 variants ( ADPKD- ALG9) manifest a 
ild–moderate cystic kidney disease, with or without polycystic 

iver [8 ]. 
In a recent report, Senum et al. [10 ] found heterozygous IFT140

ariants in a large cohort of families with ADPKD-like phe-
otype, characterized by large renal cysts, few liver cysts and
ostly mild kidney impairment, suggesting that IFT140 monoal- 

elic pathogenic variants may likely account for > 1% of the
DPKD phenotype. 
The IFT140 gene encodes a protein involved in intraflagellar 

ransport ( IFT) . The role of IFT140 protein in the genesis, resorp-
ion and signalling of primary cilia [11 , 12 ]. It should be noted
hat biallelic IFT140 variants are known to cause the syndromic
iliopathy short-rib thoracic dysplasia type 9 ( SRTD9; OMIM: 
66920) [13 –16 ], a group of autosomal recessive skeletal diseases
ncompassing the disease previously designated as asphyxiat- 
ng thoracic dystrophy ( ADT) , short rib-polydactyly syndrome 
 SRPS) and Mainzer–Saldino syndrome ( MZSDS) and showing a 
henotype characterized by short stature, rhizomelic limb short- 
ning, narrowing of the thorax and renal involvement, including 
 cystic phenotype and fibrosis [13 –16 ]. In this study employing
GS, we describe the genetic landscape of ADPKD in an Italian
ertiary referral centre, focusing on the prevalence and pheno- 
ypic features of ADPKD- IFT140 . 

ATERIALS AND METHODS 

atients 

articipants were recruited from January 2021 to December 2022 
rom the outpatient clinic of genetic kidney diseases of the Di-
ision of Nephrology, Brescia, Italy. Patients had a family history
f ADPKD and met the unified criteria for ultrasonographic di-
gnosis of ADPKD or, in the absence of a positive family history,
ad renal cysts on imaging as per the unified criteria for ultra-
onographic diagnosis of ADPKD [17 , 18 ]. Medical histories were
btained as part of patients’ clinical workup. Clinical and genetic
ata were collected according to national laws. All enrolled pa-
ients underwent genetic testing and clinical, laboratory and ra- 
iological assessment, including renal function tests and imag- 
ng. Kidney function was calculated as the estimated glomerular 
ltration rate ( eGFR; ml/min/1.73 m2 ) according with the Chronic 
idney Disease Epidemiology Collaboration ( CKD-EPI) formula 
19 ]. Renal imaging included at least one of the following exam-
nations: abdominal ultrasound ( US) , abdominal magnetic reso- 
ance imaging ( MRI) or computed tomography ( CT) . Total kidney 
olume ( TKV) was measured by stereology from the most recent
bdominal MRI or CT. At-risk family members underwent molec-
lar and clinical workup, including renal function tests and ab-
ominal US. 

enetic analysis 

ince January 2022, the targeted gene panel has been updated
ith the IFT140 gene. All patients also had multiple ligation
robe amplification ( MPLA) analysis of the PKD1 and PKD2 genes.
atients who did not have the updated ADPKD panel were re-
nalysed for the IFT140 gene. At-risk family members were of-
ered genetic testing for the familial pathogenic IFT140 variant. 

Data for genetic analysis ( panel genes list, methodology of
GS analysis, data analysis pipeline, informed consent) are 
hown in the Supplementary data. 

thics approval 

he study was approved by our institutional review board and all
articipants signed informed consent ( protocol NP 4945, Ethics 
ommittee of Spedali Civili of Brescia) . 

ESULTS 

enetic analysis 

he APDKD NGS panel including the IFT140 gene was analysed
n 129 ADPKD patients. Pathogenic variants in PKD1 were found
n 86/129 patients ( 66.7%) ; 60% of PKD1 patients had a truncating
ariant and 40% had a missense variant. Pathogenic variants in
KD2 were identified in 28 patients ( 21.7%) ; 78% had a truncating
ariant and 22% had a missense variant . No pathogenic PKD1 or
KD2 variants were identified in 12 families ( 9.3%) . Pathogenic
ariants in the IFT140 gene were found in three unrelated pa-
ients ( patient II-2 in family 1, patient I-1 in family 2 and patient
I-2 in family 3; Fig. 1 ) , representing 2.3% of all ADPKD patients
nd accounting for the 20% of the 15 non- PKD1 or - PKD2 families.
o pathogenic variants were identified in the GANAB , DNAJB11 ,
LG5 , ALG8 and ALG9 genes; 12 patients ( 9.3%) remained GUR. 

lassification of IFT140 gene variants 

atient II-2 of family 1 harboured a heterozygous novel variant
n IFT140 : c.[3824delA] ( p.[Lys1275Argfs*35]) . The variant is not
isted in the population-based exome sequencing project ( ExAC,
nomAD) and was not found in 169 ethnically matched controls.

Patient I-1 of family 2 had the c.[919C > T] ( p.[Arg307*]) IFT140
ariant in heterozygosis; the variant has been described in a pa-
ient with Mainzer–Saldino syndrome in a compound heterozy-
ous or homozygous state ( ClinVar accession RCV001951871.1) . 

Patient II-2 of family 3 carried the IFT140 heterozygous vari-
nt c.[2500C > T] ( p.[Arg834*]) ; the variant has already been de-
cribed by Senum et al. [10 ] in one patient with an ADPKD phe-
otype. All the variants co-segregate with the renal disease in
ffected offspring. 

Taking these data together provides strong evidence 
f pathogenicity for the loss-of-function ( LoF) variants 
.[Lys1275Argfs*33], p.[Arg307Ter] and p.[Arg834Ter] accord- 
ng to the proposed classification of pathogenicity by the
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Figure 1: ( A) Pedigrees of the three families with ADPKD- IFT140 . The arrow indicates the proband for each family. Squares indicate males and circles indicate females. 
Fully black symbols identify individuals with multiple bilateral cysts. Plus symbols define carriers of IFT140 heterozygous pathogenic variants, minus symbols indicate 
individuals with negative genetic test. Roman numerals under the pedigree denote generations. ( B) Molecular data of the three families with ADPKD- IFT140 . 
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merican College of Medical Genetics ( ACMG) [20 ]. Patients’ 
olecular data are summarized in Fig. 1 . 

linical features 

amily 1 

he index case ( II-2) , a 56-year-old man, was referred because of 
n incidental finding of large bilateral renal cysts. His medical 
istory was unremarkable for an extrarenal phenotype except 
or inguinal hernioplasty at age 55 ( Table 1 ) . In the proband,
GFR slowly declined from 104 ml/min/1.73 m2 at age 43 to 
4 ml/min/1.73 m2 at age 55. MRI showed increased kidney vol- 
me [TKV 1042 cc, height-adjusted TKV ( htTKV) 585 ml/m] with 
arge cysts and a single liver cyst. Hypertension was diagnosed 
t age 55 ( Table 1 , Figs 1 and 2 C) . ADPKD was hypothesized 
nd genetic analysis for PKD1 and PKD2 genes was performed,
ith negative results. The patient was considered for disease- 
odifying therapy with tolvaptan. Despite the increased TKV,

he patient did not fulfil the criteria for ADPKD with rapid 
rogression ( slow decline of eGFR; Mayo class 1B) . To acquire 
ther prognostic data, an extended NGS ADPKD panel was per- 
ormed. The updated genetic analysis revealed a heterozygous 
athogenic LoF variant in the IFT140 gene: c.919C > T p.Arg307* 
 Fig. 1 B) . Considering the diagnosis of ADPKD- IFT140 , which is 
sually associated with mild renal disease, tolvaptan therapy 
as ruled out. 
Three daughters and one son had abdominal US, which 

howed large renal cysts and normal kidney volume only in 
he 31-year-old daughter ( III-1) ; her serum creatinine ( SCr) was 
.97 mg/dl ( eGFR 77.6 ml/min/1.73 m2 ) and a history of kid- 
ey stones was reported at age 18. Molecular segregation anal- 
sis confirmed the presence of the familiar IFT140 variant in 
he affected daughter ( III-1) and also in the two asymptomatic 
aughters, ages 24 and 26 years ( III-2 and III-3, respectively) .
 history of renal cysts and normal TKV with hypertension 
 onset at age 65) and preserved kidney function ( 0.98 mg/dl; eGFR 
8 ml/min/1.73 m2 ) was reported in the older brother ( II-3; age 
0 years) . The segregation analysis confirmed the presence of a 
amilial IFT140 variant. The parents were not investigated. 

amily 2 

he index case ( I-1) came to our attention at age 73 with 
hronic kidney disease ( CKD) , stage 3b ( SCr 1.96 mg/dl, eGFR 
2.9 ml/min/1.73 m2 ) and hypertension ( onset at age 60) . A CT 
can detected increased TKV ( 5520 cc, htTKV 3154 ml/m) and 
ultiple large cysts ( diameter of the largest cyst was 16.5 cm) 

 Fig. 2 A) ; no liver cysts were detected. The 46-year-old son ( II-1) 
as found to have hypertension, abdominal US revealed mul- 
iple large cysts with increased kidney volume and no liver 
ysts and renal function was normal ( eGFR 91.3 ml/min/1.73 m2 ) 
 Fig. 2 B) . Previously, at age 36, he was diagnosed with pelvi- 
reteric junction obstruction ( PJO) and treated by pyeloplasty; 
t age 37, resection of a large right renal cyst was performed.
xtended NGS ADPKD panel analysis identified a novel het- 
rozygous pathogenic frameshift variant in the IFT140 gene 
 c.3824delA, p.Lys1275Argfs*23) in the index case and his son 
 Fig. 1 B) . The oldest daughter of patient III-1 ( age 22) showed on 
S bilateral renal cysts with normal kidney function. Segrega- 
ion analysis confirmed the presence of the paternal variant. 

amily 3 

he proband ( II-2) was noted to have renal impairment at age 
5, when eGFR was 52 ml/min/1.73 m2 . The clinical history 
as characterized by recurrent kidney stones and hyper- 
ension ( onset at age 56) . At referral, at age 67, eGFR was 
2 ml/min/1.73 m2 . A CT scan showed an only slightly increased 
KV ( 447 cc; htTKV 255.4 ml/m) , with large renal cysts and few 

iver cysts ( Table 1 , Fig. 2 D) . The deceased mother ( I-2) reached 
SRD at age 83 and presented with increased TKV and large 
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Figure 2: Renal imaging of four patients with ADPKD- IFT140 , showing the bilat- 
eral presence of large renal cysts. ( A) I-1, family 2, abdominal CT scan at the age 
of 69, htTKV 3154 ml/m. ( B) II-1, family 2, abdominal CT scan at the age of 46, TKV 

not calculated. ( C) II-2, family 1, abdominal MRI at the age of 55, htTKV 585 ml/m. 
( D) II-2, family 3, abdominal MRI at the age of 67, htTKV 255 ml/m. 
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enal cysts. The 55-year-old sister ( II-3) showed kidney cysts on 
enal US. The 38-year-old daughter ( III-1) had normal kidney 
unction ( Table 1 ) ; US revealed a few large bilateral kidney 
ysts ( the largest cyst measured 7.5 cm) . Genetic analysis was 
erformed in the proband, disclosing a nonsense pathogenic 
FT140 variant ( c.2500C > T, p.Arg834*) ( Fig. 1 B) . The pathogenic 
ariant was also detected in the daughter ( III-1) . Given the 
amily history and the presence of cystic diseases, diagnosis of 
DPKD- IFT140 was retrospectively posed in the mother. 

ISCUSSION 

ystic kidney diseases encompass a broad group of disorders 
ith variable phenotypic expression and multiple aetiologies,

ncluding developmental, genetic and acquired [21 ]. Among the 
0 different monogenic disorders associated with cystic kidney 
isease ( Human Phenotype Ontology, https://hpo.jax.org/app/,
P:0005562) , ADPKD spectrum is the most frequent clinical di- 
gnosis, with an estimated prevalence at birth of ≈1:1000 [1 , 2 ]. 

In this report, for the first time, we comprehensively describe 
he genetic landscape of ADPKD in an unselected cohort of 129 
DPKD patients from Italy, evaluating the contributions of the 
ajor causative genes PKD1 and PKD2 and of the minor ADPKD- 
pectrum genes identified so far. Moreover, we provide a detailed 
linical analysis of the phenotype of ADPKD linked to IFT140 , the 
ost recently described causative ADPKD gene [10 ]. 
The key findings of our study were 3-fold. First, in our cohort,

he majority of ADPKD cases were attributed to PKD1 ( 66.7) 
nd PKD2 ( 21.7%) . These results agree with previous studies 
n cohorts from Italy, Ireland and the USA, where PKD1 and 
KD2 were responsible for 60–77% and 12–19% of ADPKD cases,
espectively [22 –24 ]. The large majority of PKD1 and PKD2 
ariants were truncating. In 15 families ( 11.6%) , ADPKD was 
nrelated to pathogenic variants in either PKD1 or PKD2 ; in 
 of these families, accounting for 2.3% of the entire ADPKD 

ohort and for 20% of the non- PKD1 and - PKD2 families, the 
isease was found to be linked to IFT140 pathogenic variants.
n our cohort, we did not detect any pathogenic variant in the 
ther minor ADPKD genes, including ALG5 , ALG9 , DNAJB11 and 
ANAB . The mild and late cystic kidney phenotype causing a 
elayed diagnosis might explain the underrepresentation of 
DPKD related to ALG5 , ALG9 , DNAJB11 and GANAB . However,
ince ADPKD- IFT140 is a mild and late disease, the occurrence 
f referral bias cannot be excluded. Overall, the results of the 
enetic studies in our cohort agree with the findings of Senum 

t al. [10 ], indicating that the above-mentioned minor ADPKD 

oci may account for some but not all non- PKD1 or - PKD2 ADPKD
ubjects and that the last identified ADPKD gene, IFT140 , is the 
hird most common ADPKD gene. Recently, ADPKD- IFT140 was 
lso reported in one patient from a small Kuwaiti cohort of 
DPKD patients [25 ], suggesting that ethnic differences in its 
revalence would be worth determining in future studies. 
The second important finding of the study was the distinc- 

ive phenotype, characterized by mild PKD with large cysts and 
imited kidney insufficiency, few or no liver cysts, rare urolog- 
cal complications and late-onset hypertension. CKD stage 3b 
as documented only in the index cases of families 2 and 3,
ho showed an eGFR < 60 ml/min/1.73 m2 at ages 73 and 67, re-
pectively. The remaining affected members identified through 
amily screening had normal renal function. No patient reached 
SRD. However, the mother of the index case of family 3 reached 
SRD at age 83. Although detailed clinical data were not avail- 
ble, we cannot exclude that ESRD could be due to ADPKD- 
FT140 , a rarely described outcome. In the index cases, the di-
gnosis of ADPKD- IFT140 was made usually incidentally at ≈60 
ears of age, a greater age when compared with PKD2 -linked dis-
ase [1 , 2 ]. Renal imaging revealed some large cysts accounting 
or most of the cystic disease, determining an increased TKV 

f variable degree. A few small, asymptomatic liver cysts were 
ound in the index cases of families 1 and 3. No patients experi-
nced pyelonephritis, cyst infections or episodes of macroscopic 
aematuria due to cyst rupture. However, two affected members 
uffered from kidney stones, a condition potentially related to 
DPKD [1 , 2 ]. The index cases had late-onset hypertension, with 
nset around or after the fifth decade, 15–20 years later than in
DPKD overall [1 , 2 ]. Although we did not extensively study the 
ascular phenotype, we did not identify cardiac valve defects or 
horacic/abdominal aortic aneurysms. The presence of intracra- 
ial aneurysms, described by Senum et al. [10 ], was investigated 
n three patients ( II-2 family 1, III-1 family 1 and II-2 family 3) ,
ith no pathological findings. 
Dilated cardiomyopathy, reported by Salhi et al. [26 ] in two 

DPKD patients carrying IFT140 heterozygous variants was not 
etected in our case series. The absence of cardiac involvement 
n our cohort certainly is not sufficient to exclude the possible 
ssociation between an IFT140 variant and development of car- 
iac disease, but other studies are needed to delineate the preva- 
ence and prognosis of cardiac disease in ADPKD- IFT140 patients 
nd the timing of/need for cardiac screening. 

Overall, from a clinical point of view, these features confirm 

hat monoallelic variants in the IFT140 gene may cause a form of 
DPKD with an atypical milder phenotype, consisting of some 
arge cysts, along with later onset of disease; renal functional 
ecline occurs in older age, in the absence of extrarenal man- 
festations [2 , 10 ]. The finding of a few large cysts in ADPKD-
FT140 suggests the focal nature of cyst formation, compatible 
ith the classic ‘two-hit’ model of cystogenesis, and supports 
 causal role of ciliary defects in the pathogenetic pathway of 
DPKD. However, since our understanding of how IFT-140 pro- 
ein influences renal development and cystic disease is limited,
he true mechanism of cyst development in ADPKD- IFT140 is 
nknown [10 ]. 

https://hpo.jax.org/app/
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he third intriguing finding of our study was the absence of kid-
ey cysts in two subjects of family 1 harbouring the familial
athogenic IFT140 variant. Only abdominal US ( with lower reso- 
ution than CT scan or MRI) was performed and the renal imag-
ng was obtained at a young age, not excluding a possible later
ppearance of kidney cysts. Despite these observations, since 
n ADPKD the penetrance is age and genotype dependent, the
egative renal imaging might reflect the reduced penetrance of 
DPKD- IFT140 compared with ADPKD- PKD1 and ADPKD- PKD2 .
t should be noted that, while truncating PKD1 / PKD2 variants
re reported to have 100% disease penetrance, the penetrance of
ariants in the minor ADPKD genes, including IFT140 , is largely
nexplored. However, very recently Chang et al. [27 ], using a
enotype-first approach, combined exome sequencing results 
or > 170 000 people, ages 44–72 years, with their electronic
ealth records in order to evaluate the prevalence of ADPKD and
idney and liver cysts in carriers of LoF variants in 11 genes
elated to cystic/liver disease ( PKD1 , PKD2 , IFT140 , ALG8 , ALG9 ,
NAJB11 , GANAB , HNF1B , PKHD1 , PRKCSH , SEC639) . In that study,
7% and 100% of patients with LoF variants in PKD1 and PKD2 , re-
pectively, had ADPKD. LoF variants of IFT140 were identified in
05 individuals; however, only 2.5% of these subjects had a diag-
osis of ADPKD and 13.7% had kidney cysts. These data suggest
hat although individuals with IFT140 monoallelic LoF variants 
re likely to develop kidney cysts, the penetrance of the IFT140
ariants is low, being greatly genotype and age dependent. 

The present study has some limitations. The ADPKD cohort 
ize is relatively small. Moreover, the ADPKD families linked 
o the minor ADPKD genes other than IFT140 are underrepre-
ented, probably due to referral bias. Finally, US is a less accurate
maging method than CT and MRI to identify kidney cysts. 

In conclusion, our study offers further evidence for the in-
olvement of IFT140 LoF variants in ADPKD in an Italian cohort.
FT140 is the third most common ADPKD gene, representing 2.3%
f the ADPKD cohort and accounting for 20% of the non- PKD1
nd - PKD2 families. Clinically, ADPKD- IFT140 is a mild form of
isease, with large cysts and limited renal insufficiency occur- 
ing at older ages. The molecular diagnosis of ADPKD- IFT140 , in
ddition to imaging and clinical data, may add useful prognostic
nformation. The extent to which variants of IFT140 cause cys-
ic kidney disease requires additional studies, along with deeper 
henotyping, using CT or MRI. Future studies are also needed
o investigate the mechanism of cyst development in ADPKD- 
FT140 in order to identify the underlying pathogenetic pathway 
f cystogenesis. 
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