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Autosomal dominant tubulointerstitial

kidney disease PRIMER I

Olivier Devuyst'?*, Eric Olinger’, Stefanie Weber®, Kai-Uwe Eckardt®, Stanislav Kmoch®,
Luca Rampoldi® and Anthony J. Bleyer’

ADTKD-Gene: Replacing FJHN, MCKD

Affected Gene Terminology?® Protein Expression Protein function(s)

(OMIM ID; (distribution)

chromosome)

UMOD ADTKD-UMOD  Uromodulin  Kidney (TAL and » Regulates transport, blood pressure and
(*191845; 16q12) DCT segments) urinary concentration

» Protection against kidney stones
» Protection against urinary tract infections
» Regulation of innate immunity

MUC1 ADTKD-MUC1 Mucin 1 Secretory epithelia  » Protection of epithelial mucus barrier
(*158340; 1q22) (for example, lungs, ¢ Immunomodulatory properties
stomach, intestine  « Signal transduction
and kidney)
HNF1B ADTKD-HNF1B  Hepatocyte Kidney, pancreas, » Transcription factor involved in the
(*189907; 17q12) nuclear liver, lung, intestine (early) development of neural tube,

factor1B __andurogenitaltract __pancreas.aut liverlung kidneyv.and
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
o e 5 7o a— S48\ o v sra a5 015013 o) e (611000 e o o) 1 5o 3ol e e 01 e
(*609213; 3q21.3) of SEC61 translocon complex that mediates
transport of signal peptide-containing
precursor polypeptides across the ER
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Landscape of UMOD Mutat
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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%)




Accumulation of Mutant Uromodulin in Kidney Tubules: Storage Disease

Control

Dahan K et al. JASN 14: 2883-93, 2003



ADTKD-UMOD - Typical Proteinopathy

a Wild type b Mutant
Apical , 2

plasma Qr - Lumen E
membrane A o038 . &

Basolateral plasma membrane

Interstitium

» 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: 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

Mouse P.C171Y  p.R186S
Human p.C170Y p.R185S
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Schiano, Mariniello et al. EMBO Mol Med 15, 2023



Wild-type Uromodulin Protects against Mutant UMOD Aggregation
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The Journal of Neuroscence, April 20, 2005 - 25(16):4169 — 4180 - 4169

Neurobiology of Disease

Cognitive Dysfunction Precedes Neuropathology and Motor
Abnormalities in the YAC128 Mouse Model of Huntington’s
Disease

Disease Models & Mechanisms 2, 24/-266 (2009) doi10.1242/dmm.000653 RESEARCH ARTICLE

Inactivation of Drosophila Huntingtin affects long-term
adult functioning and the pathogenesis of a
Huntington’s disease model

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 Ed“ngegular # EMBOpress

Neurodegenerative Diseases Medicine  currentissue  aso

Article | 26 October 2023
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Schiano, Mariniello et al. EMBO Mol Med 15, 2023



Proteinopathies: Global Strategy FOILING DEADLY

PRIONS

san the of fatal prion Iu,m, o
by resnoving (I | ot i

Cutting a protein pipeline

For years, scientists have tried unsuccessfully to stymie prion diseases by blocking the conversion of normal
prion protein to its pernicious, misfolded form. But a new generation of experimental therapies for the fatal brain
diseases has moved upstream, seeking to stop even the production of normal prion protein, encoded by the
gene PRNP. Three drugs that are in development use different molecules and mechanisms, and take different
routes to the brain.

Translation Last stepsin
Transcription of mRNA into production Misfolding and  Neuron damage and
of PRNP gene amino acid chain of prion protein propagation  onset of symptoms
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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 DNA based oligonucleotides induce RNase H to cleave the target
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Identification of Allele-selective ASOs against UMOD
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ASOs Suppress Mutant UMOD-EGFP in mIMCD cells
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POC: Allele-selective ASOs Reduce UMOD Aggregates
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Effects of ASOs on UMOD Levels and ER Stress
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1. Saline
2. mAB 10x i.pss.c. inj. 50 mg kg
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Targeting ADTKD-UMOD with ASOs: Summary

e 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.

* InaPOC, 4-week study, ASO treatment reduces mutant UMOD accumulation and mitigates downstream tissue
injury in the (severe) UmodR1865/* mice. The lead ASO showed no effects on wild-type UMOD in Umod*/* mice.

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

— 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

Sjostrom*, Mariniello* et al. in revision



Central Translational Issue: Can UMOD Aggregates Be Cleared?

 ER capacity is chronically saturated by mutant UMOD aggregates
 Autophagy (FAM134B/RETREG1 - ERLAD) is a plausible clearance route

« Autophagy induced by nutrient deprivation: mMTORC1 suppression + AMPK activation

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

mutant UMOD aggregates in TAL cells?



Fasting & Torin1 Clear UMOD Aggregates in vitro
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Dietary Interventions in Umod Kl Mouse Models

ﬁrogressive Caloric Restriction (CR} / Intermittent Fasting (IF) \
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Progressive CR clears mutant UMOD &

impacts on disease
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Intermittent fasting clears mutant
UMOD & impacts on disease
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Uromodulin Production and Biochemistry
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» Handling of NaCl:
* Blood pressure
* Urinary concentration
* Loop diuretics

« Handling of Ca?* & Mg?*

585 614 640

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



Methionine Restriction to
Modulate UMOD Production
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Calorie Restriction Leads to Degradation of Mutant

Uromodulin and Ameliorates Inflammation and Fibrosis in
UMOD-Related Kidney Disease

Mariapia Giuditta Cratere(®,"” Benedelta Perrone,”” Barbara Canciani(®,” Céline Schaeffer(®,"” and Luca Rampoldi(® "*

BASIC RESEARCH = www.jasn.org

Food Restriction Ameliorates the Development of
Polycystic Kidney Disease

SCIENCE TRANSLATIONAL MEDICINE | RESEARCH ARTICLE

KIDNEY DISEASE

A kidney-specific fasting-mimicking diet induces
podocyte reprogramming and restores renal function

in glomerulopathy Cell Reports

Medicine

Feasibility and impact of ketogenic dietary
interventions in polycystic kidney disease: KETO-
ADPKD—a randomized controlled trial



ADTKD-UMOD: Other Therapeutic Perspectives

* Lipocalin-2 ?
e Structural biology: targeted degradation

* Cell biology: Screening program

.NNEkM ETH:zurich

Enfants Malades

'



Lipocalin-2: Most upregulated transcript in Umod Kl kidneys
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Schiano, Mariniello et al. EMBO Mol Med 15, 2023
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Endoplasmic reticulum stress drives
proteinuria-induced kidney lesions via Lipocalin 2
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Lipocalin-2 Is Induced by Uromodulin Aggregates without
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Uromodulin Aggregates and ER Stress in mIMCD Cells
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> Mutant uromodulin is detected in Proteostat* structures

» The Proteostat signal correlates with severity of epithelial damage

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



In situ LM-correlated cryo-ET workflow

1.) Growing the cells on grids

Adherent Cell

4.) Cryo-Electron Tomography

Sample
tilt-series

- 60°

lectron Detector

ETH:zurich

2.) Plunge freezing
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Protein folding, misfolding and aggregation

Folding intermediate Native protein Quarternary

Environmental complex * Disordered aggregates form
ress, mutations or Refoldin i . . .
candiondarcs Nk inclusion bodies (e.g. Lewy bodies)
Misfolding and aggregatlon
* Amyloid fibrils vary in structure
t E % @ across disease
Amyloid Prefibrillar Partually Misfolded Disordered

fibrils aggregates misfolded aggregate
;11(

Degradation | \\/\



REVIEW ARTICLE OPEN

Targeted protein degradation: mechanisms, strategies and

application

Proteasomal degradation

Table 1. Different TPD technologies

Degradation pathways Degradation system

Technologies

Targeted protein degradation via ubiquitin-proteasome system (UPS)
proteasome

Targeted protein degradation via endosome-lysosome system
lysosome

autophagy-lysosome system

PROTAC
Molecular glue
Double-mechanism degrader

PROTAC-based technologies: SARD, HyT, TF-PROTAC, dual-
PROTAC, SERD

LYTAC

Bispecific Aptamer Chimera
AbTAC

GlueTAC

AUTAC

ATTEC

AUTOTAC

CMA-based degrader

Zhao et al. Signal Transduction and Targeted Therapy (2022) 7:113




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

CLONE 6 (parental line)

Adherent cells

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

Stable expression of UMOD over time

UMOD WT

Possibility to polarize them on permeable transwell filters - UMOD secretion

UMOD R185S

20 um

20 um

- "0) *

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



Trafficking defect in mutant UMOD cells

UMOD/

UMOD WT
. UMODWT  UMOD R1855
o
: L/ » UMOD R185S cells
exhibit increased
UMOD R1858 . Concanavalin A overlap,
: consistent with defective
[ trafficking.
. *




384-well Plate Test: Cell Segmentation and Positive Control

UMOD R185S

Mean Ratio UMOD/ConA Mean Cytoplasm Intensity UMOD

TORINY DMS0 TORIN]

/ICONCANAVALIN A/DAPI

> 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.



High-content Screening Worklow for Mutant UMOD

1. Screening setup
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ADTKD-UMOD: Global Strategy
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