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Patient Questions

•What is this disease?

•Why do I have this disease?

•What will happen to me?

•What are the treatment options?

•“Doctor, should we perform genome sequencing to answer 
some of these questions?”



The Human Genome Sequence 

Science Feb 16 2001 & Nature, Feb 15, 
2001 

DNA sequencers can read genomes in 24 hrs

Microarray 

The human genome has ~ 3 
billion nucleotides (letters)



Targets for Sequencing 
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Utility of Whole Exome Sequencing in Adults with CKD

AURORA
N=1,128

CUMC
N=2,187

AURORA-CUMC CKD cohort
N=3,315

WES

Variant annotation

ACMG-based diagnostic 
sequence interpretation

Groopman EE,  Marasa M., et al. NEJM 2019 WES: Whole Exome Sequencing 



ES Provides a Diagnostic Yield of 9.3% in 
patients with CKD, N = 3,315

Groopman EE,  Marasa M., et al. NEJM 2019 Elliott et al., Ann Rev Med in press



Clinical Predictors of Diagnostic Yield

Enrico Cocchi et al. CJASN 2020



Case Studies 
Case 

• 46 yo woman with newly diagnosed kidney 
disease with blood & protein in urine

• Family hx of kidney disease in 2 uncles

• Kidney biopsy: focal segmental 
glomerulosclerosis (FSGS)

• Exome Sequencing reveals diagnosis of X-
linked Alport Syndrome

• Treatment: avoid steroids, refer for new 
clinical trial

• Screen family members at risk

Clinical presentation of Classic Alport 
syndrome

• Hematuria
• Sensorineural hearing loss
• Pathognomonic findings on kidney biopsy
• Anterior lenticonus

Genes:
• Chr. 2 COL4A3 – Dom & Rec
• Chr. 2 COL4A4 – Dom & Rec
• Chr. X COL4A5 – X-Linked

Alport Foundation

Groopman EE,  Marasa M., et al. NEJM 2019



Case Studies 
Case 

• 46 yo with newly diagnosed kidney disease 
with blood & protein in urine

• Family hx of kidney disease in 2 uncles

• Kidney biopsy: focal segmental 
glomerulosclerosis (FSGS)

• Exome Sequencing reveals diagnosis of X-
linked Alport Syndrome

• Treatment: avoid steroids, refer for new 
clinical trial

• Screen family members at risk

Phenotypes Associated with COL4A3, 
COL4A4, or COL4A5 pathogenic 

variants

HTN: hypertension; GN:  glomerulonephritis; NOS: not otherwise specified;  AS: Alport Syndrome; TBMD: thin basement membrane disease Groopman EE,  Marasa M., et al. NEJM 2019



CKD of Unknown Cause

Hays, et al, Kid International, 2020

Review of 6 exome sequencing studies 
of CKD:

• 443 patients
• 22% diagnostic rate
• 47 genetic diagnoses made, of which 29 

(62%) represented singleton diagnoses 
unique to one patient

• COL4A3-5 mutations accounted for one-
third of cases
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What To Do With a Negative Genetic Test?

• Consider blind spots in sequencing assay
• Genes or exons not captured /covered
• Classes of mutations not readily surveyed by NGS: CNVs, indels, mosaicism, 

retrotransposition, VNTR
• Non-coding variants

• Consider periodic reanalysis of data

• Consider alternative inheritance models: e.g. polygenic 

• Non genetic causes



Systematic Reanalysis Increases Diagnostic Yields

P Liu et al. N Engl J Med 2019
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16Franceschini et al., AJKD 2024



17Franceschini et al., AJKD 2024



Patient Questions

•What is this disease?

•Why do I have this disease?

•What will happen to me?

•What are the treatment options?

•“Doctor, should we perform genome sequencing to answer 
some of these questions?”



High-risk APOL1
Genotypes

N= 318 (5.5%)

eGFR 
Decline

Kidney 
Failure

3.31 
mL/min/year 
faster decline

2.50 
mL/min/year 
faster decline

HR = 1.72 
(1.38 – 2.14)

HR = 1.67 
(1.42 – 1.96)

Lack of 
Complete 
Remission

OR = 5.25 
(2.56 –
10.77)

OR = 1.36 
(0.79 – 2.31)

Monogenic 
Nephropathies
N= 371 (6.5%)

CureGN: N= 1913 Columbia-CKD, N= 2716Columbia-GN, N=1098

Genome or Exome Sequencing of 5,727 Patients with CKD

Diagnostic
Yield

Elliot et al., JCI 2024 Mean follow up time 2-5 years



Monogenic Disorder have a Faster Progression to ESKD 
(5734 adults and children with kidney disease)

20
Elliot et al., JCI 2024 



Patients with Genetic Diseases May Have Reduced 
Mortality after Kidney Failure

21Han et al. Scientific Rep 2024



Changing CKD Management

22

Dahl et al., JASN 2023



Examples of Monogenic Kidney Disease 
with Specific Therapies 

23

Syndrome Gene(s) Therapy

Liddle Syndrome SCNN1A, SCNN1B or SCNN1G Amiloride

Pseudohyperaldosteronism type II KCNJ5 Thiazide diuretics

Corticosteroid remediable aldosteronism CYP11B2/CYP11B1 gene fusion Glucocorticoids

Familial Hyperaldosteronism, type II CLCN2 Aldosterone antagonists

Familial Hyperaldosteronism, type III KCNJ5 Aldosterone antagonists

Fabry Disease GLA Alpha-galactosidase enzyme replacement

COQ10 deficiency COQ2, COQ6, ADCK2/COQ8B,

PDSS2, or MTTL1

CoQ10 replacement

Primary Hyperoxaluria 1 AGXT RNAi therapy

APOL1 associated nephropathy APOL1 Clinical trials ongoing



24

Gene PREPARE drug for which actionable DPWG guideline is 
available

CYP2B6 Efavirenz
CYP2C9 Phenytoin Warfarin

CYP2C19 Citalopram Clomipramine Clopidogrel Escitalopram 
Imipramine Sertraline Voriconazole

CYP2D6

Amitriptyline Aripiprazole Atomoxetine Clomipramine Codeine 
Doxepin Flecainide Haloperidol Imipramine Metoprolol 
Nortriptyline Paroxetine Pimozide Propafenone Tamoxifen 
Tramadol Venlafaxine Zuclopenthixol

CYP3A5 Tacrolimus
DPYD 5-Fluorouracil,  Capecitabine, Tegafur
F5 Estrogen contraceptive, agents

HLA-B Carbamazepine Oxcarbazepine Phenytoin, Lamotrigine, 
Abacavir, Flucloxacillin

SLCO1B1 Atorvastatin, Simvastatin
TPMT 6-Mercaptopurine Azathioprine Thioguanine
UGT1A1 Irinotecan
VKORC1 Acenocoumarol, Phenprocoumon, Warfarin

Swen et al., Lancet 2023



Population Pharmacokinetic Model for Tracrolimus
Dosing

25Lloberas et al. Kidney International 2023



Exome Sequencing & Incidental Findings in 1-2% of the 
population

Hunter at. Al, Genet Med 2016
N=97



Current Paradigm

patient physician Workup Genetic testing Plan 

Future  Paradigm

Patient +
Genome Sequence

physician Workup Plan 



Summary

• Monogenic kidney diseases may be present in ~10% of CKD patients
• The prevalence of genetic disease varies by age, family history and 

clinical diagnosis, and referral population studied
• The detection of genetic disease has many implications for disease 

management, including therapy
• Other useful information in genetic testing include risk alleles, carrier 

screening and pharmacogenetics
• Predictive testing for kidney disorders will require better curation of 

variant databases and may need to be restricted to selected, well 
studied genes



Online Resources

• Online Mendelian Inheritance in Man (OMIM.org)

• GeneReviews (NCBI Bookshelf)

• MedlinePlus/Genetics (formerly genetic home reference, National 
Library of Medicine)

• National Organization for Rare Disorders (NORD)

• ClinGen (clinicalgenome.org)

• American Society Medical Genetics
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