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Autosomal Dominant Tubulointerstitial Kidney Disease
(ADTKD): A Paradigm for Kidney Fibrosis



• Familial – dominant transmission
• Hyperuricemia (low FEurate) during childhood
• Tubulointersitital lesions – fibrosis (medullary cysts)
• Progressive kidney failure - adulthood

Dahan et al. JASN 12: 2348-57, 2001

A (rare) Familial Kidney Disease: Tubulointerstitial & Hyperuricemic Nephropathy



Eckardt KU et al. Kidney Int, 2015

Kidney histology
- Interstitial fibrosis
- Tubular atrophy
- Thickening/lamellation of TBM
- Tubular dilatations

Clinical findings
- Autosomal dominant inheritance
- Progressive loss of kidney function
- Bland urine sediment
- No proteinuria (initially)
- Normal or small-sized kidneys
- Urinary concentrating defect
- (extrarenal features)



ADTKD-Gene: Replacing FJHN, MCKD



UMOD  Uromodulin: Produced by the kidney and excreted in urine  

Tamm-Horsfall protein – uromodulin: 
the most abundant protein in nomal human urine 

(up to 150 mg/day)
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Rovida CL: Conclusione degli studi intorno all’origine istologica dei cilindri dell’urina. 
Riv Clin Bologna 1873; 2a: 303–306.

Carlo R. Rovida (Univ. Turin) first described a wax‐like
substance, cilindrina, produced by kidney tubular cells and 

forming hyaline casts.
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Devuyst O, Olinger E, Rampoldi L. Nat Rev Nephrol., 2017
Stanisich JJ et al. eLife, 2020

Uromodulin: biochemical characteristics 
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• UMOD gene on chromosome 16: 11 exons (10 coding)

• Most abundant urinary protein (50-150mg/24h)

• Mature protein of 616aa, 48 cysteines (7.8%)

• Heavy glycosylation (~30% of MW), mostly sialic acid (pH(I) 3.5)

• High molecular weight polymers in urine

GPI-anchor



• ZP domain: present in extracellular proteins from nematodes to mammals
• ∼260 amino acids with eight conserved cysteine (Cys) residues
• ZP domain proteins are often glycosylated, trend to polymerize and form filaments/matrix
• Functions: structural components of egg coats, mucous houses, mecanotransducers
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Zona Pellucida (ZP) Domain Proteins

Jovine L et al. Annu. Rev. Biochem. 2005, 74



What does uromodulin do?

Kipp A & Olinger E, CJASN, 2020

• Increasing salt transport in the TAL + DCT segments
• Modulating inflammatory responses
• Protection from urinary tract infection
• Protection against Ca2+ kidney stones



Manolio et al. Nature 461, 2009

UMOD in rare and common kidney diseases

*



Hart TC et al. J Med Genet., 2002
Dahan K et al. J Am Soc Nephrol., 2003 

Mutations in UMOD cause Autosomal Dominant Tubulointerstitial Kidney Disease



Devuyst O et al. Nat Rev Nephrol 2017

 125 mutations, 95% cluster in exons 3 and 4
 121/125 missense mutations, 4 in-frame deletions
 Conserved sequence, cysteine residues (78/125)

Landscape of UMOD Mutations in ADTKD



Accumulation of Mutant Uromodulin in Kidney Tubules: Storage Disease

Dahan K et al. JASN 14: 2883‐93, 2003

Control

FJHN

FJHN



Bleyer et al. Kidney Int 66: 974-7, 2004
Dahan K et al. JASN 14: 2883-93, 2003

ELISA for uromodulin
Families +/- UMOD mutations

• Reduced excretion
• Irrespective of gender, age,

GFR, mutation type

Mutations in UMOD Decrease Uromodulin Excretion in Urine



Diagnostic algorithm: integration of clinical factors and urine uromodulin

Olinger E et al. Kidney Int 98, 2020
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NPV of 89.7% 
PPV of 84.2% 
for UMOD



ADTKD – UMOD: Mechanism of Disease

Devuyst O et al. Nat Rev Nephrol 2017

• Gain of toxic function: Formation & accumulation of aggregates in ER → UPR 
• Storage disease in the TAL  tubulointerstitial damage

Traffic defect

ER Stress



Hyperplastic ER containing storage material 
(EM, original magnification 6000)

Devuyst O et al. Nat Rev Dis Primers, 2019
Nasr et al. Kidney Int, 2008

Normal kidney ADTKD-UMOD



Epidemiology of ADTKD

Rare – recent clinical characterization – underdiagnosedRare – recent clinical characterization – underdiagnosed

• Handful of cases reported before 2000

• Austria (single center): Prevalence of ADTKD 1,67 cases per million (Lhotta et al. Nephron Extra 2012)

• Ireland: Prevalence of ADTKD‐UMOD: 3 cases per million (Cormican at al. JASN Abstract 2017)

• England (single center): 16 per million (Gast et al. BMC Nephrol 2018)

• USA: UMODmutations account for 3% of monogenic disorders causing CKD (Groopman et al. NEJM 2019)

• Ireland: UMODmutations 2,6% of genetic causes of CKD (Connaughton et al. Kidney Int 2019)

1% of patients with CKD stages 3–5 and 2% of patients with ESRD had ADTKD‐ UMOD

→ most common monogenic kidney disease aŌer collagen IV mutaƟons and ADPKD 



Genetic heterogeneity, ER stress and Unfolded Protein Response in ADTKD

Devuyst, O. et al. (2019) Autosomal dominant tubulointerstitial kidney disease
Nat. Rev. Dis. Primers doi.org/10.1038/ s41572-019-0109-9



Devuyst, O. et al. (2019) Autosomal dominant tubulointerstitial kidney disease
Nat. Rev. Dis. Primers doi.org/10.1038/ s41572-019-0109-9

Pathophysiology of ADTKD-MUC1



Devuyst, O. et al. (2019) Autosomal dominant tubulointerstitial kidney disease
Nat. Rev. Dis. Primers doi.org/10.1038/ s41572-019-0109-9

Pathophysiology of ADTKD-REN



The transcription factor HNF1β and ADTKD-HNF1B

Devuyst, O. et al. (2019) Autosomal dominant tubulointerstitial kidney disease
Nat. Rev. Dis. Primers doi.org/10.1038/ s41572-019-0109-9



ADTKD

UMOD
37.1%

MUC1
21.0%



ADTKD‐UMOD (n=257)
ADTKD‐MUC1 (n=80)
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Clinical Characteristics: ADTKD-UMOD vs ADTKD-MUC1

  ADTKD‐UMOD 
(n=303) 

ADTKD‐MUC1 
(n=104)  

n (UMOD/MUC1)  p‐value 

Number of families   N=216  N=93     
Sex (%) 

‐ Female 
‐ Male 

 
130 (51) 
127 (49) 

 
40 (50) 
40 (50) 

257/80  1.0 

Age at presentation (y)  42 (27;53)  47 (37; 57)  218/78  0.005 
Positive family history (Gout/CKD) (%)  243/257 (95)  69/80 (86)    0.007 
eGFR at presentation (mL/min)  39.2 ± 20.3  50 ± 51.9  136/52  0.157 
CKD (%)  231/257 (90)  53/80 (66)    <0.001 
ESKD (%) 

‐ Age at ESKD (y) 
112/257 (44) 
46 (39; 57)  

46/80 (58) 
36 (30; 46)  

 
224/80 

0.04 
<0.0001 

Serum uric acid (µmol/L) 
‐ Female 
‐ Male 

497.9 ± 136.6 
478.7 ± 133.2 
515.7 ± 138.5 

443.6 ± 121.7 
418.7 ± 136.1 
457.4 ± 119.2 

110/14 
53/5 
57/9 

0.159 
0.341 
0.237 

Gout (%) 
‐ Female 
‐ Male 

202/257 (79) 
96/130 (74) 
106/127 (83) 

21/80 (26) 
4/40 (10) 
17/40 (43) 

 
 
 

<0.001 
<0.001 
<0.001 

Age at gout onset (y) 
‐ Female 
‐ Male 

27 (19; 37) 
30 (21; 43) 
26 (18; 34) 

45 (29; 51) 
28 (21; 41) 
45 (33; 54) 

199/18 
93/4 
106/14 

0.001 
0.828 
<0.001 

 

- Generally more severe kidney disease in ADTKD-MUC1

- Earlier and more prevalent gout in ADTKD-UMOD

- Generally more severe kidney disease in ADTKD-MUC1

- Earlier and more prevalent gout in ADTKD-UMOD

46years

67years

Olinger E et al. Kidney Int 98, 2020



Devuyst, O. et al. (2019) Autosomal dominant tubulointerstitial kidney disease
Nat. Rev. Dis. Primers doi.org/10.1038/ s41572-019-0109-9

Diagnosis of ADTKD: Clinical and genetic features



Therapeutic Options for ADTKD

• Follow established CKD guidelines

• No data in ADTKD patients concerning possible benefits of ACEIs and ARBs on CKD progression

• Hyperuricemia: losartan ‐ lowers serum urate levels (increased FEurate)

• Patients with ADTKD‐UMOD and gout: Allopurinol

• Diuretics should be used with caution: aggravate hyperuricemia and volume depletion

• Low‐salt diet is NOT recommended for ADTKD‐UMOD and ADTKD‐REN patients (it may aggravate 

hyperuricemia & volume depletion)

• Liberal water intake to compensate for possible urinary concentration defects

Eckardt KU et al. Kidney Int 88, 676-83, 2015



- Supportive management of CKD complications, cardiovascular risk 
factors & nephrotoxins

- Treatment of extrarenal complications (gout) 

- Supportive management of CKD complications, cardiovascular risk 
factors & nephrotoxins

- Treatment of extrarenal complications (gout) 

No differences in graft or patient survivalNo differences in graft or patient survival

31 ADTKD – KT 
Controls: 4633 KT recipients
1982-2019: Irish Renal TP Registry



Take home messages

• Aspecific presentation of ADTKD ‐> probably underdiagnosed | genetic testing required

• Mutations in UMOD are the most common form of ADTKD

• A positive family history and early gout are associated with ADTKD‐UMOD

• Variability in disease progression: gender, mutation score + genetic modifiers ?

• Clinical features & urine uromodulin levels can help to discriminate between ADTKD‐UMOD, ADTKD‐
MUC1 or other diagnoses (non‐ADTKD)

• No specific therapy available to date – Gain of toxic function mechanism



308 loci associated with eGFR
Largest effect on risk of CKD: UMOD locus





Mechanisms of Inherited Kidney Disorder Group

O. Devuyst
E. Olinger, J. Lake, M. Mariniello, N. Tokonami, P. Hofmann

H. Debaix,  N. Nägele, M. Harvent, A. Luciani, Z. Chen, M. Berquez, D. Nieri, P. Krohn

Thank you very much for your attention!

R. Glockshuber, G. L. Weiss, J. Stanisich (ETH Zürich) 

K. Kidd & T. Bleyer (Wake Forrest), C. Schaeffer & L. Rampoldi (San Raffaele), K-U Eckardt (Berlin), A. Köttgen (Freiburg)



Next Webinars

ERKNet/ERA‐EDTA Advanced Webinars on Rare Kidney Disorders

Date: 27 Oct 2020

Speaker: Rezan Topaloglu

Topic: Classification and Physiopathology of Vasculitis

ESPN/ERKNet Educational Webinars on Pediatric Nephrology & Rare Kidney
Diseases
Date: 03 Nov 2020

Speaker: Marina Vivarelli

Topic: Steroid Resistant Nephrotic Syndrome

IPNA Clinical Practice Webinars
Date: 12 Nov 2020

Speaker: Agnes Trautmannn

Topic: IPNA Clinical Practice Recommendations for the Diagnosis and Management of
Children with Steroid‐resistant Nephrotic Syndrome

Subscribe the ERKNet and IPNA Newsletter and don‘t miss Webinars!


