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ADTKD-UMOD: New Therapeutic Approaches



ADTKD-Gene: Replacing FJHN, MCKD

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

 → Most common monogenic kidney disease after collagen IV mutations and ADPKD 



Devuyst O et al. Nat Rev Nephrol 2017

Olinger E et al. Kidney Int 98, 2020

→ >150 mutations, 95% cluster in exons 3 and 4

→ 96% missense mutations, 4 in-frame deletions

→ Cysteine residues (>50%)

Landscape of UMOD Mutations in ADTKD



Accumulation of Mutant Uromodulin in Kidney Tubules: Storage Disease

Dahan K et al. JASN 14: 2883-93, 2003
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➢ Mutant uromodulin is misfolded and accumulates in the ER – Toxic aggregates - ER stress

➢ Kidney damage: infiltrate – fibrosis – CKD progression
Devuyst O. et al. Nat Rev Nephrol, 2017

ADTKD-UMOD – Typical Proteinopathy



ADTKD-UMOD: What’s new – Therapeutic perspectives ?

• Variable disease progression: Allelic effects

• Toxic aggregates drive the disease

• Protective role of wild-type uromodulin

• Therapeutic strategies: now & tomorrow



ADTKD-UMOD: Allelic and Gene Dosage Effects

Schiano, Mariniello et al. EMBO Mol Med 15, 2023
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• Defective UMOD processing in kidney

• Formation of HMW aggregates

• Reduced levels in urine
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• Progressive kidney damage

• Aggregates / ER stress / Infiltrate / Fibrosis



Wild-type Uromodulin Protects against Mutant UMOD Aggregation

 aggregates //  GRP78 and ER stress //  infiltrates //  UMOD in urine
Schiano, Mariniello et al. EMBO Mol Med 15, 2023



Huntington disease (HD), also characterized by a toxic gain of function, reported a similar protective role of wild-type 
huntingtin (Htt) protein : the absence of wild-type protein in HD mutant mouse and Drosophila models of Htt toxicity 
leads to a more severe phenotype (Van Raamsdonk et al, 2005; Zhang et al, 2009). The protective role of the wild-
type allele may be to facilitate the trafficking of mutant protein to the plasma membrane or, alternatively, to balance 
the propensity of mutant uromodulin to form aggregates.



Proteinopathies: Not Restricted to 

Neurodegenerative Diseases

Schiano, Mariniello et al. EMBO Mol Med 15, 2023



Proteinopathies: Global Strategy

DegradationProductionASOs



Rationale to Target ADTKD-UMOD with ASOs

• Mechanism: Gain-of-toxic function - UMOD limited to kidney tubules

• Direct link: defective processing of mutant UMOD - aggregates - disease progression

• Protective effect of wild-type allele

• Available cell and mouse models

• Evidence: Decreasing mutant UMOD/aggregates is protective (lower ER stress)

Thus far, no approved ASOs targeting the kidney

• ASOs tested in ADPKD, Alport syndrome, AKI

• ASOs tested for neurodegenerative proteinopathies (e.g. AD, Huntington)

→ Can we target the TAL ? Be allele-specific ? 

→ How much suppression of mutant UMOD would be necessary ?



ASO: Mechanism of Action and Design

DNA based oligonucleotides induce RNase H to cleave the target 

mRNA strand in nucleus and cytoplasm

DNA

Protein

Transcription

Translation Oligonucleotide 

gapmer

RNase H

Endonucleolytic

 cleavage of

mRNA target 

MOE DNA MOE

Gapmer design: 

2’-O-Methoxyethyl (MOE)

5-10-5 (MOE-DNA-MOE)



Identification of Allele-selective ASOs against UMOD

Tiled design against mutUMOD – mIMCD cells

ASO sequence library

against mutUMOD

Silencing of UMOD – mIMCD cells (48h, 100 nM ASO)

Validation of 

hA6 in 

mIMCD cells

(72h, 1.6 M)

Selectivity screen



ASOs Suppress Mutant UMOD-EGFP in mIMCD cells

1.6 μM hA6 or A.scr 

and incubated for 72 h



POC: ASOs Accumulate in Kidney/TAL in Umod KI Mice

Class-specific accumulation in liver – kidney

Isolated tubules: Splint ligation qPCR assay

i.p. Cy3-mA6, 50 mg/kg

4 week-old



POC: Allele-selective ASOs Reduce UMOD Aggregates

➢ Reduction of p-UMOD and HMW 

➢ Proportional changes

➢ No effect in wild-type mice
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➢ Target engagement



Effects of ASOs on UMOD Levels and ER Stress

UMOD in urine

ER stress level



Effects of ASOs on Tubular Function 

and Kidney Damage

➢ Increased FEurate 
➢ k to reduction in HWM UMOD

➢ Decreased infiltrate



• Allele-selective gapmer ASOs were designed against mutated UMOD; characterized in cell systems; visualized
In specific tubular cells and quantified using splint ligation qPCR assay.

• Our lead ASO achieves high kidney and TAL targeting, with allele-selective suppression of mutant uromodulin.

• In a POC, 4-week study, ASO treatment reduces mutant UMOD accumulation and mitigates downstream tissue 
injury in the (severe) UmodR186S/+ mice. The lead ASO showed no effects on wild-type UMOD in Umod+/+ mice. 

• Acceptable safety profile: body weight, liver enzymes, tissue distribution.

Targeting ADTKD-UMOD with ASOs: Summary

→ These findings pave the way for using ASOs to target toxic proteinopathies like ADTKD-UMOD in the kidney

→ Developments: Reducing dosing (liver toxicity) - increase potency - improve targeting to the TAL

Sjöström*, Mariniello* et al. in revision



3

• ER capacity is chronically saturated by mutant UMOD aggregates

• Autophagy (FAM134B/RETREG1 - ERLAD) is a plausible clearance route

• Autophagy induced by nutrient deprivation: mTORC1 suppression + AMPK activation

Question: Can a dietary intervention engage autophagy/ER-phagy to reduce 

mutant UMOD aggregates in TAL cells?

Central Translational Issue: Can UMOD Aggregates Be Cleared?



Fasting & Torin1 Clear UMOD Aggregates in vitro

Exposing mIMCD cells to starvation or Torin 1: 
 aggregates in an autophagy-dependent 

manner

Schiano, Mariniello et al. EMBO Mol Med 15, 2023



Dietary Interventions in Umod KI Mouse Models

Mariniello et al. (Preprint, JASN) 2025. EMBO Mol Med – in revision



Mariniello et al. in revision

Progressive CR clears mutant UMOD & 

impacts on disease



Mariniello et al. in revision

Intermittent fasting clears mutant 

UMOD & impacts on disease



Popelka & Klionsky, Autophagy 2020

Dietary interventions increase 

Retreg1/FAM134B – ER-Phagy gatekeeper

Mariniello et al. in revision



Uromodulin Production and Biochemistry

• 640 AA, 48 cysteines (24 S-S), 7 N-glycosylation (25-30% carbohydrate content)
• GPI - Proteolytic cleavage → urine excretion & polymerisation → filaments

• Handling of NaCl:

• Blood pressure

• Urinary concentration

• Loop diuretics

• Handling of Ca2+ & Mg2+



Methionine Restriction to 

Modulate UMOD Production





ADTKD-UMOD: Other Therapeutic Perspectives

• Lipocalin-2 ?

• Structural biology: targeted degradation

• Cell biology: Screening program  



Lipocalin-2: Most upregulated transcript in Umod KI kidneys

Schiano, Mariniello et al. EMBO Mol Med 15, 2023
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Uromodulin Aggregates and ER Stress in mIMCD Cells

Misfolded UMOD Aggregates Dye intercalation Fluorescence emissionProteostat Dye molecule

UMOD 

WT

UMOD  

R185S
UMOD

C170Y

➢ Mutant uromodulin is detected in Proteostat+ structures

➢ The Proteostat signal correlates with severity of epithelial damage

R185S
C170Y

WT

Schiano, Mariniello et al. EMBO Mol Med 15, 2023



Coll. V. Meier & G. Weiss , ETHZ



Coll. V. Meier & G. Weiss , ETHZ

Tomograms: crystalline-like aggregates in vesicles - mIMCD





Zhao et al. Signal Transduction and Targeted Therapy (2022) 7:113
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Stable mIMCD Cell System – Mutant UMOD

•  Human UMOD transgene 

•  Lentiviral vector (Lv) expressing SFFV viral promoter for stable transduction

•  GFP tag placed at N-term (after the leader peptide) to be fused to UMOD 

•  UMOD R185S obtained by mutagenesis

• Adherent cells

• Easy to transfect or transduce with viruses- high duplication rate (48h)

• Stable expression of UMOD over time

• Possibility to polarize them on permeable transwell filters - UMOD secretion

20 μm 20 μm
20 μm

Schiano et al. EMBO Mol Med 2023
Lake et al. J Am Soc Nephrol 2026



Trafficking defect in mutant UMOD cells

UMOD R185S

UMOD WT Concanavalin A

Concanavalin A
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➢ UMOD R185S cells
exhibit increased
Concanavalin A overlap, 
consistent with defective
trafficking.



384-well Plate Test: Cell Segmentation and Positive Control

UMOD R185S

DMSO TORIN1

➢ 384-well plate: Mean Intensity Ratio of UMOD/Concanavalin A and Mean Intensity of UMOD alone.

➢ TORIN1 (positive control) decreases UMOD and the overlap with ConcA.
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Seeding in 384 well plates

Z’ statistical value 

2. Treatment with 

drug library

4. Hits identification1. Screening setup

+/- 3SD

+/- 3SD

Replicate plate # 1

R185S

ER
WT

mIMCD cells 

-Ctrl +Ctrl

UMOD WT

R185S Proteostat

Proteostat

3. Imaging 

ER-tracker

ER-tracker

WT

ER

Hit quality assessment

Dose response and IC50

Confirmation on-target activity

In vitro validation

mTAL cellsmIMCD cells

Ex vivo/ In vivo testing

TALs isolation Umod KI mice

Target engagement

PK/PD efficacy

Dose optimization

Readouts

UMOD trafficking/sorting

Urinary UMOD, LCN2 levels

Clearance of aggregates

ER stress signaling

Autophagy/ER phagy

Inflammation and fibrosis

Gerardo Turcatti

High-content Screening Worklow for Mutant UMOD



ADTKD-UMOD: Global Strategy

DegradationProductionASOs

Progression

kidney damage

Kidney failure
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