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Cumulative CKD Incidence (%)

Increased CKD risk in people of African descent
Cumulative risk CKD Black vs White in US and NL
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Increased CKD risk in people of African descent

Complex relation between ethnicity and CKD
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Social-Biologic -Environmental-Genetic Interaction

.

Social Conditions
Poverty, SES, culture,
discrimination, violence

Institutional Context
Health care system, family,
religion, legal system

Fundamental Causes

Social Context
Relationships, social
support/networks, poverty

Physical Context
Neighborhood stability,
pollution, trauma

Social and Physical
Context

/

Demographics
Age, SES, health status,
race/ethnicity, education

ADVERSE
OUTCOMES
Incident CKD
Progressive CKD
ESRD

CVD, CHF, Stroke
Mortality

Risk Behavior
Tobacco, alcohol, diet,
loneliness, trust healthcare

Individual Risk
Factors

\

Biologic Responses
Obesity, depression, stress,
diabetes, HTN, AKI

Genetic Pathways
Genetic ancestry, biologic
mechanism and pathways

Biologic Responses
(2nd Hit) and Genetic
Pathways (1st Hit)

Umeukeje AJKD 2019
Ekulu Ped Neph 2021



Admixture Mapping

migration, recombination and SNPs

Migration / Ethnic mixing
Recombination/cross over
Linkage disequilibrium

Size of fragments decreases

Winkler Ann Rev Gen Hum Gen 2010
Kiberd JASN 2002
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Admixture Mapping

identification of potential disease locus

a Cases
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Admixture mapping:
- Gene mapping

(

- In admixed population
- Find the genetic loci

- Contribute to differences in diseases 1
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- Different ancestral populations

Winkler Ann Rev Gen Hum Gen 2010
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Admixture Mapping

From potential disease locus to candidate genes

Non-Diabetic ESRD
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Lod score (log,, of likelihood)
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Admixture Mapping

From potential disease locus to candidate genes: MYHS

MYH9

- Non muscle heavy chain myosin lIA

- Epstein Fechtner syndrome
Autosomal Dominant

. . 0
- Nepbhritis
- Macrothrombocytopenia MYH9 is associated with nond
: . : . . It nondi i
- Sensorineural hearing loss disease in African Americans tabetic end-stage reng]

— no mutations with a clear predicted functional effect

Seri Human Gen 2002
Kopp Nat Gen 2008
Kao Nat Gen 2008



Lod score

Admixture Mapping
Linkage disequilibrium: MYH linked to APOL1

107 APOL1 MYH9 pt0kb
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Ser342Gly
lle384Met

rs73885319

rs60910145
rs60295735
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Admixture Mapping

From potential disease locus to candidate genes: APOL1

rs number Gene Type Mode! OR  p value
non-diab ERSD

rs73885319° APOLI exon 5 Recessive 2.71E—06

rs60910145 APOL] exon 5 Recessive  6.74 9.89E—06

Controls

= Americans

African

G|1

Cases

G2

|
'Ser342Gly  Ile384Met  delAsn388; delTyr389'
| | |

rs11912763  MYH9 intron 33 Recessive 238  2.86E—02
rs5750250 MYH9 intronl3 Recessive 2.48  4.29E—05
a
N terminus — | 2ignal Pore-forming
peptide domain

BH3
domain

Membrane-

addressing domain

Serum-resistance-associated

protein-binding domain

== C terminus

Tzur Human Gen 2010



Apolipoprotein L1
History of Apolipoprotein L1

Duchateay J Biol Chem 1997
Mimmack PNAS 2002
Genovese Science 2010
Friedman JCI 2011



Apolipoprotein L1

APOL1 protects against Trypanosomiasis

* Innate immunity gene
 APOL1 limited to few primates (wlevance animal experiments)
* Expressed in many organs

* No known role in renal development
* Part of circulating HDL

* Creates holes in trypanosomal organelles

Friedman CJASN 2021
Ekulu Ped Neph 2021
Friedman JCI 2011



Apolipoprotein L1

High risk APOL1 variants protect against Resistant Trypanosomiasis
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Apolipoprotein L1

High risk APOL1 variants protect against Resistant Trypanosomiasis

[ T.b. rhodesiense

CKD G

T.b. gambiense "~

G0/GCo ‘ Susceptible to acute HAT

‘ Susceptible to chronic HAT ‘ Not at greater risk of CKD ‘

Go/C1 ‘ Susceptible to acute HAT

‘ Latent asymptomatic infection ‘ Not at greater risk of CKD ‘

G1/G1 ‘ Susceptible to acute HAT

‘ Latent asymptomatic infection ‘ Increased risk of CKD ‘

G0/G2 ‘ Protected against acute HAT ‘ Susceptible to chronic HAT ‘ Not at greater risk of CKD ‘

G2/C2 ‘ Protected against acute HAT ‘ Susceptible to chronic HAT ‘ Increased risk of CKD ‘

G1/C2 ‘ Protected against acute HAT ‘ Latent asymptomatic infection ‘ Increased risk of CKD ‘
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Daneshpajouhnejad Nat Rev Neph 2022
Cuadros-Espinoza Am J Hum Gen 2022
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Freedman Transplantation 2016
Lee Am J Transpl 2012
Beckerman Nat Med 2017

Pathophysiology ey o

Podocyte probably culprit of disease
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Pathophysiology

Proposed mechanisms, no consensus
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Epidemiology

United States

* One high risk mutation (no increased risk of ESRD)
- 39% of Black individuals

* Two high risk mutations (increased risk of ESRD)
- 13% of Black individuals
- 30% Clinically significant kidney disease
—=50% ESKD

* APOL1 high risk genotype explains 70% of increase ESRD in blacks

Friedman CJASN 2021
Reidy Curr On Ped 2018
Freedman AJKD 2022



Epidemiology
IFN second hit for APOL1 mediated disease

e Conditions of high IFN state

* |IFN therapy

* Viral infections
* HIVAN
* Parvo B19
¢ CMV
e BK
 JC
* SARS-COV-2
 Hemophagocytic LymphoHistiocytosis (HLH)

Friedman CJASN 2021
Nichols Kl 2014



Epidemiology

Many Diseases across the APOL1 Spectrum

OR-~29

APOL1 Nephropathy Spectrum

OR-~17

FSGS

HIVAN in U.S.

Large effect
Observed in
HR Genotype OR-~89
[ ]
Inteferon-associated
FSGS
HIVAN in Africa

OR-7-11

H-ESRD

OR-5 OR-34 OR-3 OR-253 OR-2 OR-15 observed

P

Little or
no effect

Mo increase No increase

CKD

Lupus with
MNondiabetic kidney failure

observed

IgA nephropathy

Nondiabetic
CKD progression

DKD incidence

Transplant
graft survival

collapsing features

Lupus with

MNondiabsetic CKD,
older individuals

Friedman CJASN 2021



Clinical implications
Genetic testing

Indications

* Provide explanation for disease
* Proteinuria after IFN event in Blacks

Parsa NEJM 2013

Doshi JASN 2018

Friedman Transplantation 2016
Reeves-Daniel Am J Transpl 2011

Prognostic consequences
Family planning
Prior to kidney donation

Therapeutic consequences

Patients with Diabetes
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Clinical implications
Prevention and treatment

* Annual check up of

* GFR

* Albuminuria
* Blood pressure

* Lifestyle

* Avoid smoking
* Regular exercise
* Healthy body weight

* Avoid IFN invoking events

Drugs targeting APOI

lon channel

blockers

Ca?
Vertex 1
VX-147
APOL1 *

Astra-Z
AzZD2373 {

IFN inhibitors
TLR inhibitors
IL1 inhibitors

Drugs targeting APOL1

downstream effects

protein” Ca#

Mitochondrial

injury

T

— STING [

—— NLRP3 Jj=

===9 Pro-inflammatory

MCC950

Disulfiram

GSDMD =

/I

===% Cell death

Brugge

avavavaud

man AJKD 2022

Friedman Curr O Neph Hyp 2022



Conclusion

* APOL1

* Innate immune system (HDL - Parasytes)
e Resistant Trypanosomes and APOL1 variants (G1, G2)
 APOL1 recessive risk factor for CKD
* [FN second hit

e African Americans
* 13% high risk genotype

* 30% CKD
* 50% ESRD . e e
* Clinical presentation - PR TN Y T
. P : : %ﬁ%@ & %"’Q&
* Indications for genetic testing N e

high-risk genotype o ?

O Not observed g; i

O <1% .

O 1-10% O 5 M Tb. gambiense
10-20%

20-30%

>30%

B Tb. rhodesiense

L X Xo]
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