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(Hofmeister et al, 2017) 

Genetic renal  
diseases – The 
journey begins 

PKD, 
ADTKD, 
Nephro- 
nophthisis 



Role of genetics in renal diagnosis- 
Genetic renal disease 

- Congenital steroid-resistant nephrotic syndrome (CNS):  
NPHS1, NPHS2, TRPC6, ACTN4, INF2, WT-1  
 

- Collagen type IV associated diseases  
(thin basement GN, Alport`s disease) 
 

- Polycystic kidney disease (PKD): 
Autosomal dominant and recessive polycystic kidney disease (ADPKD, 
ARPKD) 
 

- Autosomal dominant and recessive tubulointerstitial kidney 
disease (ADTKD, nephronophthisis) 
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Standardized approach to nephrotic syndrome (NS) 
in newborns and children 

Standardized initial therapy 
Prednisolon 60mg/m2/d for 4 weeks +- steroid pulse 

 

Remission No remission 

Steroid sensitive 
NS (SSNS) 

Primary steroid 
resistant NS 
(SRNS) 

Continuation of 
daily steroids 
until 6 weeks, 
then 40 mg/m2/ 
48h for 4-6 
weeks 

Kidney biopsy 
Genetic analy-
sis 
Intensified thera-
py 



CNS 
231 patients with CNS/ 
SRNS 
 
57% with genetic disease 
(97% in CNS,14% in SRNS) 
 



Renal Biopsy in CNS and SRNS  

 Nongenetic disease:  
 23% MCN 
 69% FSGS 

 Genetic disease (CNS vs SRNS): 
 21% and 66% FSGS 
 40% and 14 % DMS ( suspicious for genetic origin) 

 

 In patients with FSGS and MCN the prognostic 
value of renal histology is limited  
 genetic testing: 

 - genetic forms of FSGS are often resis- 
               tant to steroid treatment 

 - genetic forms of FSGS carry a low risk 
   of recurrence after renal tx 

 (Büschges et al. CJASN 2016) 

MCN 

FSGS 

DMS 



(CJASN 2016) 

-  50 different genes causing  
   FSGS 
- 3 major genes cover 85% 

Nephrin - Finnish type NS 

Podocin – SRNS type 2 

WT1 DMS (Denys-Drash) 
            FSGS (Frasier) 
            +-nephroblastoma 



(Büschges et al. CJASN 2016) 

Congenital nephrotic syndrome (CNS) versus 
Steroid-resistant nephrotic syndrome (SRNS) 



Response to cyclosporin A (CsA) treatment (A) and renal 
outcome (B) in either nongenetic or genetic disease 

(Büschges et al. CJASN 2016) 

Genetic diseases respond differentially: 
- sig. lower rate of complete remission (CR) 
-  sig. higher rate of ESRD 
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(NEJM 2003) 

1927: first description by Cecil Alport 



Clinical pathophysiology of Alport`s syndrome 

* 

(NEJM 2003) 



The interesting case 



88 glomeruli 





1/88 



Electron microscopy 



Diagnosis 

 Global (2/88) and focal-segmental (1/88) glomerulosclerosis 

 EM:  
glomerular basement thickness 135-889 µm 

     structural alterations: lamellation and splicing 

 despite negative genetics highly suggestive for Alports   
     disease  (DD: MYH9-defect) 
 

 Additional information:  
genetic testing was performed 11 ys ago and was now repeated yielding 
a novel disease causing mutation in COL4A5…. 



(Ped Nephrol 2016) 

 genetic (re-)testing important to confirm morphological findings  
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(Rangan et al. 2015) 

ADPKD – positive family history + presence of renal 
cysts on kidney imaging  



Autosomal dominant polycystic kidney disease  
(ADPKD) 

 most common monogenic (inherited) kidney disease 
in Western countries (prevalence: 2.4/10,000 - 3.9/10,000) that 
accounts for 5-10% of ESRD in developed countries 

 systemic disease resulting in deterioration in renal function  

 mutations in two genes (PKD1 and PKD2)  

 recently, the European Medicines Agency (EMA) approved the 
use of the vasopressin V2 receptor antagonist tolvaptan to 
slow the progression of cyst development and renal insuffi-
ciency in adult ADPKD patients with CKD 1-3 at initiation of 
treatment with evidence of rapidly progressing disease.  



Monitoring of growth of cysts in ADPKD by MR 

increase of kidney size: 5.27% per y 

(Chapman 2007) 



(03. November 2012) 

2.8 vs 5.5. % per year 



The ciliary connection 

structure of a primary cilia 

(Lancet 2003) 

Polycystin  signaling pathways 



loss of cellular polarity,  
proliferation, transepithe- 
lial fluid secretion, ECM  
remodeling 
 

(Rangan et al. 2016) 

loss of heterocygosity of PKD in the distal nephron 

 mild phenotype 



Autosomal recessive polycystic kidney disease 
(ARPKD) 

 Belongs to a group of congenital hepatorenal fibro-
cystic syndromes and is a cause of significant renal-  
and liver-related morbidity and mortality in children.  

 > 300 mutations in the PKHD1 gene (fibrocystin) 

 The majority of individuals with ARPKD present in the 
neonatal period with enlarged echogenic kidneys.  

 Renal disease is characterized by nephromegaly, 
hypertension, and varying degrees of renal dys-
function.  

 >50% of affected individuals with ARPKD progress to 
ESRD within the first decade of life 

 ESRD may require kidney transplantation. 

(Sweeney WE, Avner ED, 2016) 

* 





Difficult case 



140 g 





What is it ? 

 ARPKD ? 

 ADPKD 

 Anything else ? 

Extended family history: father with renal cysts…. 

Genetic testing:  
sporadic mutations in both parents resulting  
in an ADPKD-like disease  

Morphology important to detect findings  
or patterns that do not fit 
 genetic testing to confirm suspicion ! 
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         Interesting case  



30 glomeruli, 11 globally sclerosed 

PAS 



PAS 

Other glomeruli normal. 



Acute tubular damage (ATN), 20-25 % IF/TA. 

PAS 



Thickened and lamellated tubular basement 
membranes 
PAS PAS 



Electron microscopy:  
Mild thickening and wrinkling of glomerular and tubular basement membranes, lamellation of 
tubular basement membranes. No osmiophilic deposits, no fibrils. 



Electron microscopy:  
Mild thickening and lamellation of tubular basement membranes.  
No osmiophilic deposits, no fibrils. 



         Diagnosis 

 Global glomerulosclerosis (11/30) 

 Ischemic glomerular damage and moderate arteriosclerosis (hypertension ?) 

 20-25 % IF/TA with thickened and lamellated tubular basement membranes 
 

 In view of the positive family history highly suggestive for  
    an autosomal dominant tubulointerstitial kidney disease  
    (i.e. ADTKD-UMOD).  
 
 Genetic testing: 
    Mutation in Uromodulin (Umod) was confirmed. 
 
 

 



17 



Clinical findings in  ADTKD 
 

17 

+ specific findings in each of the 4 different types of ADTKD  
(i.e. hyperuricemia / gout in ADTKD-UMOD) 



Typical histology in ADTKD ?  
– untypical and unspecific 

000 

-  Interstitial fibrosis 
-  Tubular atrophy 
-  Thickening and lamellation of tubu- 
    lar basement membranes   ( EM) 
- (cystic) tubular degeneration  
- negative IH/- IF 

 
 unspecific findings 
 
 family history and genetic    
    testing 



         And now a very last case 



2 Nierenstanzzylinder mit 38 Glomeruli, davon 1 global vernarbt. 

PAS 

24 glomeruli, 17 sclerosed 



approx. 20% IFTA 



Arterien und Arteriolen mit schwerer Fibrose bei teils myxoider 
Aufquellung und amorphen Ablagerungen. 
 

PAS 





< 5% IF/TA, kein nennenswertes Entzündungszellinfiltrat. 
Tubuli strukturell unauffällig, keine Casts. 

PAS 



 Diagnosis 

 Advanced global glomerulosclerosis (17/24) 

 Ca. 20 % IF/TA 

 Mild arterio-arteriolosclerosis 

 Moderate tubular damage  

 Mild focal interstitial inflammation  

 Suspicous for autosomal dominant tubulointerstitial kidney 
disease (ADTKD)  

 Genetic testing 
 

 Counseling of pediatric nephrologist: history of polydipsia  

 Genetic testing for nephronophthisis 

 positive for NPHP1  nephronophthisis 

 
 



Monogenic genes of nephronophthisis-related 
ciliopathies (NPHP-RC) 

(Braun and Hildebrandt 2017) 

>90 genes 



3 major phenotypes of NPH – most important cause 
of ESRD in children 

Infantile NPH 3 years oligohydramnios 
sequence  

Juvenile NPH 
(most common form) 

13 years polydipsia and poly-uria, 
growth retarda-tion, 
chronic iron-re-sistant 
anemia, or other findings 
of CKD 

Adolescent/ adult NPH  19 years See above 

Histologic findings: 
 
tubulointerstitial fibrosis 
thickened and disrupted tubular basement membrane 
sporadic corticomedullary cysts 
normal or reduced kidney size. 
 



Age distribution of renal cystic disorders 

(Comprehensive clinical nephrology, 3rd ed.)  

 marked overlap  
 additional genetic information helpful to correctly  
     classify PKD ! 



Role of genetics in renal diagnosis 

 Although of great importance, morphological 
information is sometimes limited, most likely 
due to limited reaction patterns of the body  
(i.e. the kidney) 
 
 molecular biology and genetics may help to  
    better classify and treat renal diseases 
 

 It is the pleasure and duty of the renal 
pathologist to ask for additional genetic 
tests where appropriate! 
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