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OUTLINE

* Foundational events making genomic tests accessible and useful
* Genomics of kidney diseases and utility of genomic testing
* Leveraging genomics testing for therapeutics

* Challenges with integrating genomic testing in clinical workflow



Mapping of Human Genome

3 billions base pairs (ATGC)
99.6% inter-individual identity (yet 4 millions differences)

Genes [20,000-25000; 8000 mapped to Mendelian diseases]

Sequences <5 % - Exons - 1.5 % [Coding] Introns — 3.5 % [Non-coding]

95 % disease causing variants identified in exonic regions
Nucleic Acids Res 47: D1038-D1043, 2019




Costed around 70,000 USD for exome sequencing

The hurdles to getting DNA sequencing from the laboratory to the hospital are huge.
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Types of genetic (genomic) testing methods

Single nucleotide
variants/Smal
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nucleic acid sequencing, and
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Choosing a genomic testing method

Coverage

Accuracy
Time (TAT)
Cost
Utility
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Exons of all genes in OMIM (~8000)
Exons of all genes known (~25000)

Good
Long (2-6 weeks)

Cost effective

Phenotype overlap/heterogeneity;
Unknown clinical diagnosis; CNVs
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Genome Sequencing

Whole genome

All genes and noncoding DNA

Low to Good

Longest

Most expensive

Phenotype suggestive of genetic cause

and exome sequencing is negative
https://biologynotesonline.com/



General workflow of clinical genomic sequencing tests

Step1 Step 2
DNA extraction Library preparation
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Evidence Types
Human observational data

Classification of Identified Variants

Unaffected Observations

Affected Observations

Specific Phenotype

- : Segregation
AC M G C l assli f| ca t 10N Predictive/Functional data

Predicted Effect
Inferred Effect

Functional Studies

Likely

Pathogenic .
Ben! Pathogenic

Uncertain
Significance

0.95-0.99

X3

Variants that are \iagags ;hat :;e Variants of uncertain
known to cause el i significance with

Variants that are Variants that are
probably not confirmed to not

causing but not
disease-causing.

disease. Sanfiraed. unclear implications.

Genet. Med. 17, 405-24 (2015)
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ClinGen

Get Starteds  About Us=  Curaton Activities-  Warking Geoupe-  Expert Panels-  Documents & Announcementss Tools Q

Explore the clinical relevance of genes & variants

ClinGen 15 a Natonal Instautes of Health (NIH)-funded rescurce dedicated to bullding a central resource that defines the clinal rolevance of genes and vaaants for
use in precsion medicne and research,
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Can varistion in this gene cause disease? Which changes in the gene couse disease? 100

Clinical Actionability Dosage Sensitivity
‘ Are there actions that could be taken to improve cutcomes for Does loss or gain of a copy of this gene or genomic region
pationts with this genetic risk? result in disease?
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Somatic Cancer Variant Baseline Annotation

somatic Cancer Clinical Domain Working Group curates the Baseline annotation focuses on annotating evidence in the
dinical ggnificance of genomic anomalies associated with iomedical literature in a structured and standardzed way, thus
different cancer types within the following disesses specdic task supporting our expest panels, working groups, and curation
forces - pediatric cancers, pancreatic cancer, lung cancer and processes.

genitourinary cancers

Bayesian Points Classification
for variant classification

Phase 2 Phase 3
Curation & Growth Scaling & Sustainatelity

Expert Panels - ClinGen | Clinical Genome Resource



https://clinicalgenome.org/affiliation/

Interpretation of Genomic Test Report

Variants identified must be evaluated for causation

Flow of Genetic Information (,, Central Dogma”) 5 [Dlbaasa(OMING, | inbadiance |Ciassification
Gene-} mRNA-)Prolai' =) Phenotype

wrT1(-)
(ENSTO0000332351.3)

Nephrotic syndrome  Autosomal Likely
type-4 dominant Pathogenic

Intron 9 (5’ splice site Heterozygous
proximal)

Kidney Phenotype Extra kidney features

Frasier Syndrome Nephrotic syndrome Ambiguous genitalia, gonadal
dysgenesis with risk of
gonadoblastoma

Variant level assessment and interpretation Case level interpretation

Case level interpretation incorporates both pathogenicity of variants and how well the variant
matches the phenotype



Exome Sequencing for CKD Diagnosis: Coming
Soon to a Clinic Near You?

David J. Friedman

American Journal of Kidney Diseases, 2018; 72 : 761-763



Monogenic Kidney Diseases

* 625 Mendelian disorders associated with kidney and urological traits

Over 70% of CKD cases under
the age of 25 years can be

ACE AGTR1
AGT REN

Renale tubulare

attributed to a genetic Discenssis Nephronophthise
etiology L, A e Lo
Fehlbildungen der I
ableitenden Hamwege NEK8 ZNF423
> 500 genes associated with NPHP3

ACTA2  DACH1  HPSE2
BMP7  EYA1  LRIG2 /'
CHRM3  GATA3 A8

kidney diseases

Kidney Int 2020; 98, 590-600
Kidney Int. 2016; 89: 468-475




Patient characteristics that increase the

diagnostic yield of genetic testing

Young age of
onset

=2

Examples:

Nephrotic syndrome
Microscopic hematuria
CKD

HTN/electrolyte
abnormalities

Strong family

history
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Examples:
+  ADPKD

Alport syndrome
Young onset of ESKD

Cystic/anatomic
abnormalities

LS

Examples:

Multiple renal/hepatic
cysts
CAKUT

CKD of unclear
etiology

A

Examples:

* No diagnosis despite
thorough work up
Tubulointerstitial disease
of unclear cause
(ADTKD)

/ Extrarenal \

manifestations
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Examples:

Liver cysts
Developmental delay
Skeletal abnormalities

Vision/hearing loss

\.

Am J Kidney Dis. 2024; 84(5):632-645




Varying yield using molecular genetic
analysis and genetic heterogeneity

25-80 %

T!Jbular 30 -90 %

Diseases
¢ Genotypic heterogeneity

10 - 60 %
*** Phenocopy
Cystic Diseases
20-80% X PIeiotropy

5-22%

Nephrol Dial Transplant (2020) 35: 390-397



CKD is characterized by significant phenotypic heterogeneity and
expanded phenotype

Podocytopathies

nephrotic with FSGS lesions

Chronic

Nephrotic Proteinuria Kidney
Syndrome Disease

Familial IgAN Cystic phenotype

Nephrol Dial Transplant (2020) 35: 390-397
Am J Kidney Dis.2021 ;78(6):857-864



Genetic testing in Children with tubular disorders:
(n=135/225)

Proximal Renal Tubular Distal Renal Tubular
Acidosis (pRTA) cidosis (dRTA)

Dents
Diseases

Bartter

syndrome Unknown
e — tubular
Nephroge .:'-’-? , " ) disorders

Diabetes

Insipidus

(NDI) : Other tubular
Hypophosphate disorders

Primary

ther stone forming
Hyperoxaluria

Hypomagnesemia DisorderS/nephrocaICinOSiS



Deciphering the mutation spectrum in south
Indian children with congenital anomalies
of the kidney and urinary tract

Ambili Narikot', Varsha Chhotusing Pardeshi’, A. M. Shubha?, Arpana lyengar® and Anil Vasudevan'"

Patient Genotyped Cohort
Characteristic (n=69)

Total number of subjects
recruited till date
cl . Ly . . .
e LN Likely Pathogenic/Pathogenic
Antenatal History, Birth and (o) —
Anthropometric  details, S— 0
Subjects excluded from Investigations and Renal :
the study imaging  reports  were (o)
collected. ——
Blood sampl: ard wa o Variant of unknown significance
DNA was extracted = 39 (60%)
ﬁ 25.6% (10/39)- Potential
o damagin
= O e
©
69 g Likely Benign
< 26 (41.3%)

BMC Nephrology (2022) 23:1
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Confirmation of
diagnosis/Help
make a
diagnosis
Examples

Alport syndrome
Monogenic SRNS

CKD of unknown
etiology

/

Conditions
amenable to
specific
screening for
extrarenal
manifestations

Examples:

* HNF1B:
diabetes/Hyp
omagnesmia

« WT-1

* Fraiser
syndrome —
Gonadal
dysgenesis

I\

Conditions

amenable

to specific

disease modifying

therapies

* Co010 genes
(SRNS)

* CTNS
(cystinosis)

* Tubulopathies

to nonspecific

renoprotective

strategies

Example

» COL4A34/5
(Alport) and
RAAS blockade

Integrating genomic assessment Into
clinical workflows

@ )

Avoidance of
prolonged
Immunosuppress
ive therapies

Example

* Glomerular
disease due
to mutations
in Alport
genes
(COL4A345

4

- )

Conditions at
risk for
recurrence after
kidney
transplantation
Examples

* (CFH/CFIC3):
aHUS

« (AGXT, GRHPR,

HOGA): primary

hyperoxaluria

(PH)

* Genetic
causes of
SRNS have low
recurrence
rate

* Donor

1€

Conditions for
which cenctic
testingis
relevant for
reproductive

counseling

Example:
*Prenatal/
preimplantation
diagnosis




Expanding role of genetic testing as part of clinical management
of patients with kidney diseases
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Seminars in Nephrology, Vol 45, No 4, July 2025, 151660



Role of Genomic Testing in Diagnosis and Management
of kidney Disease

From optional to essential

Use at the beginning of a diagnostic workup
rather than the end

From Womb to Tomb



Treatment of Monogenic Diseases

Supportive therapy
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Classes of Genetic Kidney Disease and Existing Therapies

Genetic Kidney Exemplar Conditions Treatment Therapeutic Interventions
Disease Subgroup
Supportive Modifiable Curative

CAKUT . o Surgery
Glomerular Alport syndrome . . ACEI/ARB

COQ10 deficiency COQ10- supplementation
Cilial NPHP related ciliopathies D
Cystic ADPKD . . ACEI/ARB; Tolvaptan for ADPKD
ADTKD UMOD . . ACEi/Allopurinol/Febuxostat
Tubular Bartter Syndrome . . NSAIDs and Electrolyte replacement

Gittelman Syndrome Electrolyte replacement

Gordon syndrome Thiazide diuretic

Nephrogenic diabetes insipidus Thiazide diuretic and NSAIDs

Cystinuria Penicillamine
Metabolic Fabry Disease . . Enzyme replacement

Primary hyperoxaluria . RNAI

Cystinosis e Cysteamine
Complement mediated Atypical HUS o Eculizumab

@ Ravalizumab
s C5 inhibitors

Seminars in Nephrology, Vol 00, No 00, 2025, 151650



Modes of Genetic Therapy

Diagnosis

Next-

DNA

generation

sequencing

Mitochondrial

genome
(cell samples)
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and
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» Therapy > Delivery
Viral vectors < = i
« Adenovirus  « AAV RO
« Retro-/lentivirus Viral
« Retro-/lentivirus
- AAV
Nontargeted addition by Nonviral
« Electroporation
« Lipid/nano-/virus-like
Corrective particles
_— DNA
templates .
In vivo
Viral
Targeted integration « Tissue-specific
catalyzed by pseudotypes
Nonviral
Targetable nucleases « Virus-like particles
-ZFNs  «CRISPR/Cas9 « Nanoparticles
+TALENs -« Casvariants |

Cell
transfer

Reagent

M Pathogenic genetics

B Corrected genetics

transfer

Annu. Rev. Pathol.Mech. Dis. 2021. 16:145—66



Gene therapy

N-of-1 Trials

First in vivo gene editing therapy for a baby with an
inherited metabolic disease (IMD)

In May 2025, Musunuru et al reported the first in vivo editing therapy
for a baby with an inherited metabolic disease (IMD)

Does this herald a new era of rapid, personalised therapies in IMDs?
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with § ammonia base-editing strategy non-human primates IND application
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cell-line specific mutation

N Engl J Med 2025;392:2235-43; Inherit Metab Dis. 2025 Jul;48(4):e70056



Targeted gene therapy for genetic kidney diseases
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Kidney International (2024) 106, 1051-1061



Limitations and Challenges

Single gene sequencing:

0 Massive amount
of sequence data

Multiple gene sequencing: NG S machnies

NGS= Nex! generatlion sequencing
' Ge.ne._.Disc.ease relatioships Practical Medical, Social and ethical
11=[¢|g ]3| (=] B Prioritization and challenges
interpretation of variants challenges Cost of testing

Challenges

Incidental/Secondary findings LACK of Therapy



Variants of Unknown Significance
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Model of care for implementation of genetic testing

Multidisciplinary genetic clinic or
Nephrogenetic clinic

-
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Hematomgologist { Pedstric/Aduli)
Woonalologst
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Interpretation

General advice regarding communication of the report and
plan to patients and their families

Advice regarding further testing in the index patient &
suggested family screening.

If a patient needs further clinical evaluation or genetic
counselling by the geneticist, clinician can refer the patient
to genetics OPD.




Challenges — “Genetic literacy among clinicians”

* Breadth of knowledge and skill sets in clinical genomics is vast

* Kidney medicine brings its own complex layers

* Physician knowledge gaps surrounding genetics [“Genetic literacy”]

* Lack of curriculum/specialized training oppurtunities



Genetic Nephrology: An Arising Subspecialty in
Kidney Medicine

Phenotype correlation
in kidney disease

Application to

Therapeutic integration . ;
P g kidney transplanation

.. K
Clinical
nephrolo A
ay ?ﬁ |
: : Patient and
Senetic teSt.mg families e ° Best practice in
technologies genomic medicine
Gene disease Laboratory o :
.............. ; Clinical genetics ... ; ;
association ° genetics 9 @ Genetic counseling
. ) Multidisciplinary exchange
Variant curation e * with clinical geneticists
Research
Clinical care and Education
development

Seminars in Nephrology, Vol 45, No 4, July 2025, 151652



Summary

Enhanced Diagnosis Individualize management Innovative Therapeutic Advances
Genomic testing improves accuracy in Genomic insights enable tailored therapies Ongoing genomic research is paving the way
diagnosing kidney diseases for better patient specific to individual kidney disease profiles. for novel kidney disease treatments.

care.






