Population Genetics of Chronic Kidney Dise:




Convergence of Physiology and Genetics
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|solated Kldney of THE KiDNEY
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CLASSIFICATION OF

INHERITED DISEASES |
Mendelian Inheritance patterns - Monogenic

I A Commoni e.g. ADPKD

u Many fiprivate 0 mutations
A Rarel e.g. ARPKD

Non-Mendelian Inheritance patterns

Single genda but complex inheritance

_ Epistasis
few common variants Environment
many rare variants Epigenome

Multiple genes with small effects Metagenome



Genetic Epidemiology of Sever@KDRisk Loci

DiseasdRisk | Genotype Relative
G ene Allele Disease/Risk Risk
Frequency | Frequency
Overall 001 Overall 001
PKD‘ Each allele-0 | Each allele-0 >103
UMOD* 0.8 0.96 ~1.2
APON 0.57 0.13
(in at risk (in at risk 7-29
populations) | populations)

* RareMendelianwith ADinheritance cause Familial JuveridgperuricemidNephropathy

Modified from Friedman and Pollak. J&367



Disease Associated Variants

50.0

Effect size

Rare variants

of small effect

(very hard to identify
by genetic means)

Low

0001 [Rare] 0005 [Lowfrequency.

Very rare

Allele ﬁequency Antonorakis et al.et al. NRG 2010

U Rare recent variants tend to be associated with high risk for disease
picked up in family or whole  exome studies
U Commonancient variants tend to be associated with low

disease
low OR far hiindrede of GWASK <tiidiec

risk for



Disease Gene Mapping

genome
wide

linkage

association

parametric
candidate
locus
non-
parametric

family-based

population
- based
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U A Apopulationo in human genetics can be
designated as a group of people who share
common ancestry patterns at a ingenome
wideo or igenetic locuso level

U APopulation genetic architectureo can be
measured using DNA diversity markers



Classification of DNAIversity Markers

GENETIC
BiologicalType VAR AT ON

A LABORATORY MANUAL

SNPg INDELSSTRs,CNVs other

Evolutionary History Nt

Genomic Location

Choice and combination depends on scientific, historical,
genealogical, clinical or forensic question of interest



DNA Markers

' B

GTTACTACT....

SNP allelic variants
of SNP

*considered a SNP (rather than private mutation)
when minor allele frequency (MAF) > 1 %

(more than 20,000 new private variants per individual T most do not reach the SNP threshold)



tgttg acaccttcatl:tg cattctcaattctatttcactggtctatgg
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Some ~18 million SNPs total:

~3 million* of these differ between individuals |
(*depending on population and relatedness) V

~95% of these differences have no w
phenotypic effects

t .

tgtttz MSmaller percentages influence phenotype

tgaga

goata AAn even smaller percentage cause or predispose to disease or

@it yariable drug response
tgtattc

tactttt
uaaag_,fPopulation frequency may be fNneut |
gatcac
attagc

t Useful to infer human demography and I
ggga
aaaaa also in Dlsease Gene Mapplng
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SNP Allele Frequencies:
Demographic factors affect genome wide allele frequencies:

founder , bottleneck, expansion, migration, admixture
Selection: differential effect on allele frequencies at specific genomic regions

W?f“"‘a':- Mug
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Adapted from Quintana-Murci

Genetic variants conferring an advantage and better adaptation will be selected
and rise to high frequencies (together with neighbouring variants)
Evolutionary Medicine






Answers will come from Combined Approaches that take
Into account Evolutionary History, Population Level and
Family Studies Combined with Biology

Small Moderate Large
effect effect effect

g
B . cotta7 2011

Ancient Low Recent New
Common Frequency Rare De novo




DISEASE GENE MAPPING
Genome Wide

You are here
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Positional Cloning:
Family Based, Linkage
Highly Successful in identifying causal mutations
Now combined with or supplanted by whole exome sequencing
In some cases identified locus with rare Mendelian mutations
harbrors common variants associated with common disease
(e.g. UMOD, SLC34A1)

Genome Wide Association (GWAS):
Population Based, Linkage Disequilibrium
Generally A Low Odds Ratios, Missing Heritability



Table 1 | Autosomal recessive diseases that progress to end-stage renal disease

Disease Gene Gene product Is living related donor transplantation
appropriate?

Congenital nephrotic NPHS1 Nephrin Yes

syndrome (Finnish type)

Autosomal recessive SRNS  NPHS2 Podocdin Yes—atter genetic testing to exclude the
Arg229aGIn (p.R2290Q) variant in the donor

Autosomal recessive SRNS  NPHS3 (PLCE1) Phospholipase Ce Yes

Pierson syndrome LAMB2 Laminin p2 Yes

Schimke’s iImmuno-osseous SMARCALL HepA-related protein Yes

dystrophy

Nephronophthisis NPHPI1 to NPHPS  Nephrocystines 1 t0 9 Yes

Cystinosis CNTS Lysosomal cystine transporter Yes

ARPKD PKHD1 Fibrocystin Yes

Alport syndrome COL4A3, COL4A4 o3 and a4 type IV collagen Yes

Primary hyperoxaluria AGXT Alanine glyoxylate aminotransferase No

Atypical HUS CFH, CFHR1, Complement factor H, complement  No

CFHR3, CD46 factor H-related proteins 1 and 3

Abbreviations: ARPKD, autosomal recessive polycystic Kidney disease; HUS, hemolytic uremic syndrome; SRNS, steroid-resistant nephrotic syndrome,

Nat. Rev. Nephro, 736¢743, 2010



Table 2 | Autosomal dominant diseases that progress to end-stage renal disease

Disease Gene Gene Is living related donor
product transplantation appropriate?
ADPKD type 1 PKD1 Polycystin 1  Yes—for unaffected relatives
ADPKD type 2 PKD2 Polycystin 2 Yes—for unaffected relatives
Atypical HUS CFH, CFHR1, CFHR3, Complement No
CFB, CFl, C3 proteins

Abbreviations: ADPKD, autosomal dominant polycystic Kidney disease; HUS, hemolytic uremic syndrome.

Nat. Rev. Nephrog, 736¢743, 2010



Table 3 | X-linked diseases that progress to end-stage renal disease

Disease Gene Gene product  Is living donor related transplantation
appropriate?

Alport COL4AL  ob type IV Yes—for unaffected males or females

syndrome collagen and for heterozygous females without
proteinura, aged =45 years and after
Information is provided on the long-term
risks of renal disease after donation

Fabry disease GLA a-Galactosidase A risk of renal dysfunction exists in

heterozygous female donors; living
related transplantation is possible in
donors who do not have the mutation

Nat. Rev. Nephro, 736¢743, 2010
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A Cluster of Mutations in the UMOD Gene Causes
Familial Juvenile Hyperuricemic Nephronophtisis

with Abnormal Expression of Uromodulin
Dahan et al JASN 200
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OPEN & ACCESS Freely available online PLOS

Association of Variants at UMOD with Chronic Kidney
Disease and Kidney Stones—Role of Age and Comorbid

Diseases
GudbjartssonDF et ak011
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Gudbjartsson DF et al 2011
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The NEW ENGLAND JOURNAL of MEDICINE

BRIEF REPORT

N ENGL ) MED352;12 MEJM.ORG MARCH 2§, 2010

A Loss-of-Function Mutation in NaPi-IIa
and Renal Fanconi’s Syndrome

Daniella Magen, M.D., Liron Berger, M.Sc., Michael J. Coady, Ph.D.,
Anat llivitzki, M.D., Daniela Militianu, M.D., Martin Tieder, M.D.,
Sara Selig, Ph.D., Jean Yves Lapointe, Ph.D., Israel Zelikovic, M.D.,

and Karl Skorecki, M.D., F.R.C.P.C.
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Does Mapping of Mutations in Genes Causing Rare
Monogenic Disease Shed Light on Common Health
and Disease Phenotypes (e.g. Stones, Bones, CKD)

Observed (HogP)

Common Genetic Variants Associate with Serum
Phosphorus Concentration

rs4074845 region

Kestenbaum et al. JASN 2010
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Control of Phosphate Excretion in Uremic Man

The Journal of Clinical Investigation Volume 47 1968 1865

E. SLATOPOLSKY, A. M. RoBsoN, 1. ELxaN, and N. S. BrRiCKER

From the Renal Division, Department of Internal Medicine, Washington
University School of Medicine, St. Louis, Missouri 63110

NEJM28620 10931972

ON THE PATHOCGCENESIS OF THE UREMIC
STATE

An Exposition of the ““Trade-off Hypothesis™
NEAL S, Bricrker, M.1D.




DISEASE GENE MAPPING
Genome Wide

You are here
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Positional Cloning:

A Family Based, Linkage

A Highly Successful in identifying causal mutations

A Now combined with or supplanted by whole exome sequencing

A In some cases identified locus with rare Mendelian mutations
harbrors common variants associated with common disease

(e.g. UMOD, SLC34A1) and in other misleading (e.g. MYH9(

Genome Wide Association (GWAS):
Population Based, Linkage Disequilibrium
Low Odds Ratios, Missing Heritability



Pace of genome-wide association study publications since 2005

Manolio T A . Nat Rev Genet, 2013
1,600 -

1,400
1,200
1,000 -

800

600

Total number of publications

400

200

O — e . i
2005 2006 2007 2008 2009 2010 2011 2012

Calendar quarter



Published Genome-Wide Associations through 12/2012
Published GWA at gSSXlO* for 17 trait categories

-

National Human
Genome Ressarch
Institute

www.genome.gov/GWAStudies ;
EMBL-EBI |,

www.ebi.ac.uk/fgpt/gwas
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Linkage Disequilibrium (LD)

Linkage Disequilibrium (LD) Is the nonrandom
association (at the population level) of two alleles or
the same chromosome:

A o) s
—— -2 3
In equilibrium: Rg = P, * Py
In disequilibrium: R > B, * Py



Linkage Disequilibrium’ (D)

Ifimarker -A'is found in significant LD with a
disease risk.causative variant (B), we should detect

In genome wide association (GWAS), only markers (A) in
sufficient physical proximity to causative variant B to )
mitigate recombinationwill be associated with the health
or disease phenotype of interest

Power to detect and ROC weak unless

1. admixture, 2. selection



Meiotic Recombination Breaks Down
Linkage Disequilibrium (LD) & Genetic Association
Into smaller and smaller regions

—_— —_—

recombination

—
Tag SNP

Causative “’

Variant

0
(¥ ]

[ |
10 generations l

[ I I Confers to
100 generationsl r Cc A GWAS the

S EEaam | POV O

family based
C A G .
l 1 1 1 linkage
Admixture restores (I . mapping

LD genetic association



Mapping by Admixture Linkage Disequilibrium [MALD]

Success dependsn:
1. Population Admixture -
African American Ny o

2. Disparity In disease frequency between
parent populations .

3000

Chronic Kidney Disease -

3. Causalrisk variant(s) haverisen to high frequency

In the atrisk parent population =
(Common Variant T Common Disease)

Evolutionary Selection




Mapping by Admixture Linkage Disequilibrium [ MALD |
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A Identify flancestryo of chromosomal regions using DNA markers whose
allele frequencies differ markedly between parent populations

A Discover genomic region(s) with significant enrichment of ancestry
markers in disease (Chronic Kidney Disease) compared to control cohort



Chronic Kidney Disease in African Americans: Admixture Scan
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OR statistic for each SNP

Admixture peak: > 30 other genes were found 95% Credible Interval,”
iInthe 2 mb 95% interval i I o =&, | African ancesiry >00%
Odds Ratio for markers in the region 7-29 %

: — _géin cases
depending on etiology of kidney  disese /\L

E
African ancestry in

0o cereon o & wen o LsgoNtrols
) 30 h[)\ 50

n
(=]

dds (billions)

m

Locus-Geno

-

-

N
N
E

RAXLX

LOC284912
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RP5-1119A7.4

LL22NC01-81G9.2

Adapted from Kopp et al 2008 and NIDDK 2010, Kao et al 2008




Approaches to Finding
nCausativeo Gene in the Region

A,000 Genomes Data Mining

KClinical Observation

AEvolution, Biology, and Function

40



GROWTH OF THE PUBLIC SNP DATABASE

AR
s Sl

Resequence the
Region
1000 Genomes

Number of SNPs (millions)

T T T T
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Year

4—— 4 — — — T ——
APOL3 APOL4 APOL2 APOL1 MYHS TXNZ FOXRED2

A Much more strongly associated with disease
phenotypes than variants in MYHO

A Explain the agpaginfiaasQRseveRHvityMY 9

w-} DRIt TRl SRIEDARERY known
V MsHdBRicMendeliandisease

(GPS) at the time, but sequence
- showed no candidate functional

APOL (15kbp) variants withinthe gene itself

Genovese et al. 2010 I BUT the gene anchored
S8342G and B84M <—ac1 missengA 6 SalayEidRéven more
Tzur et al.2010 highly associated functional

del.N388/Y389 < G2 nonseviasigddsoautside of MYH9 in
- the next gene over i APOL1




The APOLvariants are morestrongly associated with ESKD risk tha
the leading MY risk variants, both in terms of OR and p values

Odds Ratio
(recessive mode)
25 -

p =1.510 (Fisher exact test)
20 A

15 -

10 -

p=1.74510

@can Amenca)T@oamc America

Modifier Loci (e.gPodocin CFH)
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The MYH Signals are attenuated

Genovese et aP011

to near insignificance when
association is conditioned upon
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years ago

20,000-100,000
years ago

0-400
years ago

General Chromosome 22
population Genome-wide locus near APOL1

European

African

AA AA AA

controls cases controls cases Friedman and Pollak. JBB6/




Ethiopian Jews in Israel

Low Prevalence of CKD T Absence of HIVAN

Absence of HIV-Associated Nephropathy in Ethiopians

Absence of APOLL1 Risk Variants Protects against
HIV- Associated Nephropathy in the Ethiopian Population

[We now know this to be valid for Ethiopian non-Jews]




MYH9 tag SNPs allele

frequencies of 0.35 in
Ethiopia, yet no HIVAN

O Gl/G2 : 51 El

APOL3 APOL4  APOL2  APOLT MYH3

Evolutionary Pressure held MYcH
tagging SNPs in strong LD with AR@1 and &
which had risen to high frequency in stBaharan Africe




Brun2010

What can we learn from what |

already known about APQL
regarding the

Evolutionary Selection Pressur

many

Human Africanlrypanosomiasis;
African Sleeping Sickness

el

M Duszenko, University of Tubin:

Pays and colleagues and Raper and e stposomesamong ioaacens
colleagues have shown that most
human APOL1 efficiently kills many
(but not all) Trypanosoma species

SRA¢ present inT. BruceiRhodesiense
binds, sequesters and confers & /
resistance to APQL \C |

Pays et al. 2006



ApolL1l G1 and G2 Variants modify protein structure so
as to confer protection from Trypanosoma B.
Rhodesiense Sleeping Sickness in Subsaharan Africa

bent alpha helix

Mutation predicted to exert a
disruptive effect on SRA

) ) binding domain
internal site

hydrophobic core stabilized the bend

Protein Structure Models for Apoliproteins L:
I-TASSER and CHIMERA
Tm>0.5 for all predictions

Tzur et al. 2010



A T b. brucei

b-Hpr
ligand

B T. b. rhodesiense

Friedman and Pollak. J3867



Genovese et al. 2010 Evolutionary Medicine

APOL1 Trypanosmal
Variant Killing

1. Riseto high frequency of Gand &

WT Q U single allele protection againgtathogen

U two alleles associated with increasedsk of

- Trypanosoma .
&4 a/ __Bruei later onset disease
Rhodesiense

2. Hitchhikingof Tag markers in
G2 G\ neighboring genes (MY%)

2

Permissive to High OddRatio for a
CommonVariants in aCommon Disease



Effect size

Mendelian

Recent
positive
selection

Allele frequency

Friedman and Pollak. J3867



Ethiopian SNPs reflect a different population genetic history and
thereby clarify the phylogenetic branch upon which the actual
Acausatived mutation resides

HT88CY HT1 ?

. F1e
\ [ HT320

HTB1RC— 7" Causative Mutations

HTS7e]
Q'-.‘_ (APOL1) parted here
S-1 0
8 . HT1020
. E-1 ._. e

(53 - v"-,
RT250

3 Haplotype
@ Associated SNP

o

= HT87 X \.
Median Joining tree HT1308)
of the center region of MYHO, \
based on 35 SNPs. HT123O
{Constructed by NETWROK).




Population Genetics of APQIlAssociated
Chronic Kidney Disease

Clues to Pathobiology from
Clinical Observations and Genetic Epidemiology



The APOL1 Gene and Allograft Survival

after Kidney Transplantation
ReevesDaniel et el.

Am. J. Transplan2011
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The APOL1 Genotype of African American Kidney
Transplant Recipients Does Not Impact 5-Year

Allograft Survival Lee et al.
Am. J. Transplantatio2012
' 10 - 2 Risk Allcles

-== (/1 Risk Alleles
P value | 0.8518

O

Allograft survival (%)
o

0 1 2 3 4 5
Time post-transplant (years)



Taken together these two studies suggest that:

APOL risk allele association is mediated by gene product isoforr
endogenously expressed within the kidney

Caveats:

m Theddiseaseé is dransplant loss and not one of the cclassicat APOIL-
Associated\ephropathies(APANS)

s Neither study measuredboth donor andrecipient

genotypetogether

African American Living-Kidney Donors Should Be
Screened for APOLI Risk Alleles

David M. Cohen, "% Anuja Miralhenkle,? David L. Scor,®® Carlron J. Young,? and Douglas J. Norman'

Transplantatior012

ClinicalTrials.gov

A service of the U.S. National Institutes of Health

APOL1 Gene Variants in African American Kidney Transplant Recipients

This study is currently recruiting participants. ClinicalTrials.gov Identifier:

Verified February 2013 by Brigham and Women's Hospital NCT01442402

First received: September 27, 2011
Last updated: February 14, 2013
Last verified: February 2013
Information provided by (Responsible Party): History of Changes

Anil K. Chandraker, MD, Brigham and Women's Hospital

Sponsor:
Brigham and Women's Hospital




Disease travels with Kidney:

Mechanistically suggests that %=
effect is due to intrarenal APOL. #&&
Is APOL actually expressed:

A inthe kidney?
A inthe glomerulus?

A in the podocyte? Apolipoprotein L1

Kidney Disease

Leslie A. Bruggeman,* and John R. Sedor**
TH-PO9Y62

APOLI Expression and Localization Pattern in Kidney Diseases with and
without Association to Risk Genotype John F. O Toole,' Sethu M. Madhavan,'
Martha Konieczkowski,' Santhi Ganesan,' Laura M.C. Barisoni,> David B.
Thomas,? Leslie A. Bruggeman,' John R. Sedor.! ‘Case Western Reserve
University; *University of Miami.

Apolipoprotein L2

J Am Soc Nephrol 22: 2119-2128, 2011
APOL1 Localization in Normal Kidney and Nondiabetic

Sethu M. Madhavan,* John F. O'Toole,* Martha Konieczkowski,* Santhi Ganesan,!

Correlation with ISH
Proximal Tubule: not
endogenous
Podocyte endogenous



L C markedly and robustly induces the expression of AR@Lhumanpodocytes

A SharonAviram
10 RNA induction
IFNy {ng/ml}) 0
v £ 8
52 5
28 4
3E 2
T 2 0
B actin
- - ——— — —
IFNy conc. (ng/ml)
B

RNA induction

IFNy {ng/ml) 0 10

25

Time induction (h) 24 48 24 48
20
15 APOLL T——
1

Bactin | i

0 .

Time (hours) 24 24+ IFNy 48+ IFNy

=

APOL1 fold increase
normalized to p actin

L

Intracellular Injury Mechanisms in the setting of 8econd Hit
which also induces a rise ifrNgand other cytokines



Specificity of APQOl Disease Associations
Robust Associations:

A Hypertension with Chronic Kidney Disease in African Ancestry popula
(HypertensionoMisattributed€ Chronic Kidney Disease)

A FSGS primary non-monogenicespecially Collapsing Glomerular Nephropathy (CGN);

A HIV Associated Nephropathy (HIVAN)> Combine with inheritance mode

A Progression of SLE Nephropathy

A Sickle Cell Nephropathy

Weakor no associations

A Diabetic Nephropathy ¢ Shlush et al and 2010 and

multiple studies Diabetic Nephropathy is already a statenof OR
Sirt and AMPK mediated autophagy inhibition
A Consistent with a role of autophagy inhibition in
APOL nephropahty

A IgANephropathy(Pateraet al. JASN2012



InheritanceMade PRhylogeny,
and GeneticiRiskpEpidemiology

+ Confidence intervals for dominant (single risk allele
association) or additive (2 risk > 1) frequently overlap 1

+ Consistently the highest association ORs with G1 and G2
occurs under a 2-risk allele mode (G,G,, G,G,, G,G,)



APOL1 Genetic Variants in Focal Segmental
Glomerulosclerosis and HIV-Associated Nephropathy

Kopp et al. JASRO11

N=118 N=386

' N=111

el N
N~

Odds Ratio

+HG1%™M 461" G2 G1°M1G1%" G1°MIG1°" G2iIG2 G1°MG2
\ } \ }
| |

Heterozygote Homozygote or Compound Heterozygote
(single risk allele) (two risk alleles)




More than 10 Studies Across Multiple Etiologies of Kidney Disease Show
Highly Significant Odds Ratio undeio®ecessivéinheritance mode(two APOLL risk alleleg

: 3
LOSS OF FUNCTION 2) &
® ®

Odds Ratio
30,0

25,0

20,0

15,0

10,0
0,0 T T T T T . T T l T T 1

FSGS (GenoveseFSGS (Kopp FSGS+HIVAN HIVAN (Kopp HIVAN (C-FSGSJtage 3-5 ND- HTN-ESKD ND-ESKD AA ND-ESKD HAND-ESKD Igbo-
2010)* 2011) (Papeta 2011) 2011) (Atta 2012+FineCKD (Friedman (Genovese  (Tzur 2010)* (Tzur 2010)* Nigeria
2012) 2011) 2010)* (Wasseret al. 2013

* Odds Ratio were recalculated for two risk alleles combined based on available genotype frequency data.



APOIL seems Dispensable in most Mammalian Specie

TH-POG655

APOLI Null Alleles from a Village in India Do Not Correlate with
Glomerulosclerosis Duncan B. Johnstone,' V. Shegokar,> Deepak Nihalani,’
Yogendra Singh Rathore,* Leena Mallik,* Fnu Ashish,? Halil O. Ikizler,' V.
Zare,* Rajaram Powar,” Lawrence B. Holzman.! ‘Renal, U Pennsylvania;
*Microbiology, GMH, Nagpur, India; *CSIR-IMTech, Chandrigarh, India;




How to Reconcile Recessive Inheritance with
Apparent Dispensability of APQlfor
MammalianKidney Integrity

ltQnot APOL but rather another genetaggedby MYH3 and APOIL

1. Calculations based on all variants found to datelidO0Genomes would not explain the APD&ignal
2. Unlikely to yield associations with bothl@&nd & on separate lineages
3. Not consistent with absence of HIVAN in Ethiopia

OGain of Injuryé for GL/G2 risk allelesin which two dosesof risk

allele product are neededto crosskidney diseasethreshold

Even a single non-risk (&) APOW oprotects from a human-
specific dsecondhite



Genetic Epidemiology Examples of One Allele Effect
es.  Mild effect of Single Risk Allele on Age of Dialysis Onset

60 Two risk alleles: dialysis onséf years earlier

One @ risk allele: dialysis onséhb years earlie
55 1
50 A

45 Tzur et al. NDZ012

40 - T
G1:G2 G2:G2
(n=63) (n=59) (n=18)

Wt:Wt Wt:G2
(n=85) (n=50)

Additive Effectc consistent with Gain of Injury

FSGS HIVAN

@ » @ -

280 23x107* 233 16x10°2 Data fromPapetaet al. JASN011
287 18x10* 250 91X 10_2 APOL Variants Increase Risk for FSGS and HIV/
G2 213 26x102 213 69x10 but not IgA Nephropathy

G1 Haplotype pair {

OR per copy of risk allele



Transient Viral Transduction of IsRisk APOLGene Delivery Constructs Induce
Significant Proteinuria and Foot Process Effacement

Vector Control

=
s

250

g

150 &T0

T4

8

o
o

.I..

Albumin (mg)/Creatinine (g)

Vector 6l non-G1,
Control Apo|1 non-G2
Al Apol1

Reiser, Wei, Magen, Skorecki and colleague



How to Reconcile Recessive Inheritance with
Apparent Dispensability of APQlfor
MammalianKidney Integrity

ltQnot APOL but rather another genetaggedby MYH3 and APOIL

1. Calculations based on all variants found to datelidO0Genomes would not explain the APD&ignal
2. Unlikely to yield associations with bothl@&nd & on separate lineages
3. Not consistent with absence of HIVAN in Ethiopia

OGain of Injuryé for GL/G2 risk allelesin which two dosesof risk

allele product are neededto crosskidney diseasethreshold
Weakly supported and may contribute to pathogenesis under some specific states
(e.g. recurrent FSGS following transplantation)
EEven a single non-risk (G0) APOL dprotects€ from a human
specific tsecondhite



Family History- APOLl andrisk for ESKD

18%

~40% have two APQLrisk alleles
(compared tol3% in general AA

W e 2%
B Afiican 10% 20 P population)
American Other norAPOIL genetic or norgenetic factors
0%
Controls ESKD Tzur et aR012unpublished
1)
_ GFR by APOL1 genotypes
£ o] e e Only ESKD and not early kidney disease is associated with
i) 1T APOL two risk allele state in first degree relativegreedman et aro12
R

APOL1 genotypes

U Second hitA transforms genetic risk to progressive
kidney disease in APQltwo risk allele family members

U Use HIV as the prototypesecond hi€ to understand mechanism(s



Algorithm for screening of CKD upon diagnosis of HIV

ApolL1l
<— | genotyping

Fabian J, Naicker S. Nat Rev Nephrol (2009) 5: 591-8



