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Autosomal dominant tubulointerstitial

kidney disease P R| M E R I
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Luca Rampoldi® and Anthony J. Bleyer”

ADTKD-Gene: Replacing FJHN, MCKD

Affected Gene  Terminology® Protein Expression Protein function(s)

(OMIM ID; (distribution)

chromosome)

UMQOD ADTKD-UMOD  Uromodulin  Kidney (TAL and » Regulates transport, blood pressure and
(*191845; 16g12) 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
andkidney)
HNF1B ADTKD-HNF1B  Hepatocyte Kidney, pancreas, » Transcription factor involved in the
(*189907;17q12) nuclear liver, lung, intestine (early) development of neuraltube,

factor 163 aodurogenitaltract paocreas gyt liver lung kidnev 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
—————— AT AR O TR T A ST ORI eSS C T e T L T T e e o g
(*609213; 3g21.3) of SEC61 translocon complex that mediates

transport of signal peptide-containing

precursor polypeptides across the ER

NATURE REVIEWS | DISEASE PRIMERS | Article citation ID: (2019) 5:60



in ADTKD

Ions In

Landscape of UMOD Mutat
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K246-S252del

E188-L221del

H177-R185del

V93-G97del4ins

S91del

(chr16p12.3)

UMOD

— 96% missense mutations, 4 in-frame deletions

— >130 mutations, 95% cluster in exons 3 and 4
— Cysteine residues (~60%)




What does uromodulin do?
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Devuyst O et al. Nat Rev Nephrol 13, 2017
Schaffer, Devuyst & Rampoldi. Annu Rev Physiol 83, 2021
Zhou M et al. Curr Hypertension Rep, 2024
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Accumulation of Mutant Uromodulin in Kidney Tubules: Storage Disease

Control

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



Pathophysiology of ADTKD-UMOD

a Wild type b Mutant

Apical
plasma
membra

Uromodulin

Uromodulin [CNX

Nucleus

Basolateral plasma membrane

Interstitium

» Mutant uromodulin is misfolded and accumulates in the ER — ER stress and UPR pathways
» Dominant, gain of toxic function mechanism

Devuyst Olinger & Rampoldi, Nat Rev Nephrol, 2017



ADTKD-UMOD: Allelic and Gene Dosage Effects
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» Umod Kl mice show an age-dependent increase of uromodulin in the kidney and reduced levels in the urine

» Each model: defective maturation - precursor and high MW aggregates isoforms Schiano. et al. EMBO Mol Med 2023



ER Expansion in Kidneys from Umod Kl Mice

Schiano, et al. EMBO Mol Med 2023



Inflammation and Fibrosis in Kidneys from Umod Kl Mice
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Allelic and Gene Dosage Effects on Kidney Function Parameters
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Uromodulin Aggregates Drive ADTKD-UMOD Progression
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» ER stress, inflammation and fibrosis correlate with the levels of uromodulin aggregates

Schiano, et al. EMBO Mol Med 2023



Distinct Pathways activated in Umod Kl Kidneys

R186S/+ vs C171Y/+
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Uromodulin Aggregates and ER Stress in mIMCD Cells
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> Mutant uromodulin is detected in Proteostat* structures

» A stronger Proteostat signal is observed in UMOD R185S compared to the other cell lines

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



Mechanisms of Disease and Allelic Effects in ADTKD-UMOD
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EMBO ® EMBOpress

Proteinopathies: Not Restricted to Molecular
Neurodegenerative Diseases

Kidney damage
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Deletion of Wild-type Uromodulin Increases
Mutant Uromodulin Aggregation
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Studies on Huntington disease (HD), also characterized by a toxic gain of function, reported a similar

protective role of wild-type huntingtin (Htt) protein in the disease: 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.

The Journal of Neuroscience, April 20, 2005 « 25(16):4169 — 4180 - 4169
Huntington’s disease (HD) is an autosomal dominant, progressive
neurodegenerative disorder caused by an abnormal expansion of a

Neurobiology of Disease polyglutamine (polyQ) tract at the N-terminus of a large
cytoplasmic protein, huntingtin (Htt). The polyQ tract contains between 6
Cognitive DYSfllI]CtiOI] PI'QCCdCS Neuropathology and Motor and 35 repeats in the wild-type Htt protein, whereas it is expanded to
.. . . > beyond 36 repeats in HD. Numerous studies have demonstrated that mutant
Abnormalities in the YAC128 Mouse Model of Huntington’s i G e Gt el O s S e e EaIS
Disease
Disease Models & Mechanisms 2, 74/-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



The Spectrum of UMOD-associated Kidney Diseases

UMOD
- N
’ N
Low-frequency oy
X \ variants with B
15 N intermediate effect
1.1
Low

Allele frequency

Adapted from Manolio TA et al. Nature, 2009



RESEARCH ARTICLE | MEDICAL SCIENCES | & f XinB® K= PNAS
An intermediate-effect size variant in UMOD -

confers risk for chronic kidney disease

Eric Olinger B3, Céline Schaeffer @@, Kendrah Kidd, +21, and Olivier Devuyst B Authors Info & Affiliations

Edited by Martin Pollak, Beth Israel Deaconess Medical Center, Brookline, MA; received September 3, 2021; accepted May 4, 2022

August 10, 2022 119(33) e2114734119 https://doi.org/10.1073/pnas.2114734119
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Glycosylation/
maturation

UMOD p.Thr62Pro Shows an Intermediate Trafficking Defect & ER Stress
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Western blot analysis of UMOD expression in HEK293 cells 6 h after transfection of the \!é 8 c,"@ ® Q\‘S;g

indicated UMOD isoforms. The graph represents the ratio of Golgi glycosylated form

(mature) to ER glycosylated form (immature). GRP78 (HSPAS) and spliced XBP1 (XBP1s) expression in HEK293 cells expressing indicated

UMOD isoforms in the basal condition (Upper) or after 12 h with a low dose of tunicamycin.

UMOD variant p.Thr62Pro shows an intermediate defect in processing from the ER to Golgi, and intermediate
ER stress vs. wild type and a typical ADTKD mutant — under mild stress conditions (Tunicamycin).

PNAS 2022 Vol.119 No. 33

2114734119



Milder Phenotype in UMOD p.Thr62Pro Carriers with Kidney Disease

UMOD p.Thr62Pro (median: 74.5yr)
- Canonical UMOD mutations (median: 54.0yr)

T62P variant:

* In 20 families with ADTKD — no other genetic cause

» Incomplete penetrance/segregation

* MAF 4% in ADTKD (>100x in gnomAD)

» 157 carriers in CKD cohorts vs. 225 (canonical UMOD mutations)
* Intermediate disease progression — trafficking defect & ER stress
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Log rank P<0.0001
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Polygenic scores and their
applicationsinkidney disease

Atlas Khan® & Krzysztof Kiryluk @

GWAS for eGFR, n =~1 million

GPS development
and optimization

ln\ Top 2%

Most
people

Low risk

Nature Reviews Nephrology | Volume 21| January 2025 | 24-38

Average risk

High risk

High risk (top 2%)

Overall effect:

OR 3.26 (95% Cl 2.89-3.67)
S,Z%ﬁfﬁ,id Ancestry-specific effects

b BNy « African: OR 2.66 (2.01-3.51)
e European: OR 3.60 (3.11-4.17)

 Asian: OR 3.81(1.91-7.59)
e Latinx: OR 4.93 (2.46-9.89)

NATURE MEDICINE | VOL 28 | JULY 2022 | 1412-1420 |



Effect of p.Thr62Pro
UMOD variant carrier
in UKBB and CKD
Polygenic Risk Score

Coll. A. Khan & K. Kiryluk

&2 COLUMBIA UNIVERSITY

IN THE CITY OF NEW YORK
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