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CKD prevalence

Estimated 3,2million people
on RRT, with CKD incidence
growing by 6% annually
(WHO)

Cumulative lifetime risk for
CKD varies by ancestry
African descent are the most
affected (4X more likely than
of European origin)

HIV CKD 18-50X increase in
people of African descent
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Human diversity, migration and origins

Selected migrations

Historic migrations
— Prehistoric migrations

—  Out of Africa migrations

Language families

Afro-Asiatic

- Nilo-Saharan
- Khoisan

Niger-Kordofanian

@ cerH-HGDP

Inferred modern
human origins

Floyd Reed and Sarah Tishkoff
Current Opinion in Genetics & Development 2006, 16:597-605



Renal histology in HIV infection- Africa
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Glomerular endothelial cell
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MYH9 and CKD

MYH9 encodes myosin heavy chain 9, a component of non-
muscle myosin llA, is localized to chromosome 22q12 .

Myosin llIA is expressed in many tissues and cells, including
podocytes

The MYHI risk haplotype contributes to risk for idiopathic
FSGS (OR 4) and HIV-associated CGN (OR 6)

The risk variant accounts for all or nearly all of the
increased risk for FSGS (80%) and HIV-associated CGN
(100%) that characterize African Americans.

However, detailed sequencing and genotyping did not
identify specific functional mutations in MYH9

Kopp JB et al. (2008) Nat Genet 40: 1175-1184



APOL1 gene

= Further studies (Tzur et al. 2010 and Genovese et
al. 2011) showed novel missense mutations with

predicted functional African ancestry effects in
the APOL1 gene

" APOL1 is found adjacent toMYH9 (~ 20.0kb 3’
downstream of MYH9)

" Codes for Apolipoprotein L1 protein
= Soluble factor human serum with HDL particles
" Role in trypanosomal lysis
" Autophagic cell death
" Lipid metabolism



APOL1 and MYH9 gene regions
on Chromosome 22
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APOL 1 gene variants associated with CKD

" G1 risk haplotype: S342G (rs73885319), and
1384M (rs60910145)

" G2 risk haplotype: N388 Y389del (rs71785313)-
\TTATAA

" These variants are protective against
Trypanosoma brucei rhodesiense and T. b.
gambiense

" Mainly attributed to natural selection as a result
of Trypanosomiasis (sleeping sickness) endemic
in Africa hence provided an evolutionary
advantage
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APOL1 and CKD

* APOL1 gene variants G1 and G2 are in strong linkage
disequilibrium with MYH9

* risk of FSGS (HIV and non-HIV associated) and

hypertensive-end stage kidney disease in people of
African descent

* may be more important in the genesis of these renal
diseases

 APOL1 is involved in autophagy (a major protective
factor against podocyte aging and glomerular injury)

Kronenberg et al, 2011; Genovese et al, 2010



APOLA1 risk alleles and risk for kidney
disease among African Americans

Results
N ORor RR % with 2 RA

Case-control studies

HIV-associated nephropathy 54 29(1368.5) 12

Primary FSGS 217 17 (11:26) 12

Lupus collapsing glomerulopathy 26 5.4(0.4-12.1) 50

Lupus with end-stage kidney disease . 855 2.7(1.8-4.2) 25

Sickle cell disease nephropathy 520 3.4 relative risk for proteinuria 45

Hypertension-attributed nephropathy 675 2.6 (1.8-3.6); 4.6(3.1-6.8) in progressors 23
Case-only biopsy series from HIV-positive patients

HIV-associated nephropathy 60 - 62

HIV + FSGS 35 = 63

HIV immune complex kidney disease 31 - 3

References

Kopp et al’
Koppetal
Larsen et al”
Freedman et al”
Ashley-Koch et al™
Lipkowitz et al”

Attaetal”
Fine etal”
Fine etal”’

Reviewed in Limou et al. Adv in Chr Kidney Dis. 21: 426-433, 2014



APOL1 in CKD

Hypertension

— OR7 [Genovese et al. Science 2010]
— 2.57 in AASK Study (incr to 6.29 in advanced CKD)iLipkowitz et al.

Kidney Int 2012]

FSGS: OR 17/ [Kopp et al. JASN 2011]
HIVAN:

— OR 29 [Kopp et al. JASN 2011]

— OR 89 in our SA Study [kasembeli et al. JASN 2015]

Children with perinatal HIV infection:
— 3Xincr odds of CKD with high risk genotype

— median age of 8.8 vs 14.3 years in those with 0 or 1 risk
allele
[Purswani et al. JAIDS 2016]



APOL1 in HIVAN, CKD and Controls in South Africa

78.9% of the HIVAN subjects were homozygous (G1/G1 or G2/G2) or

compound heterozygotes (G1/G2), compared to 3.7% of the HIV (+)

controls (P=1.2x107%) and 1.9% of the population controls (P=8-9x101)
APOL1 genotype distribution among HIVAN, HIV (+) CKD, and HIV (-) CKD cases and Controls

HIV (+) Cases and Controls

HIV (-) Cases and Controls

GENOTYPE HIVAN CKD Controls CKD Controls
N (%) N (%) N (%) N (%) N (%)
0 risk allele 2 (5.3) 22 (56.4) 34.(63.0) 26(66.7) 36 (66.7)
1 risk allele 6 (15.8) 12 (30.8) 18 (33.3) 12(30.8) 17 (31.5)
G0/G1 5 (13.2) 4 (10:3) 4 (7.4) 6 (15.4) 7 (13.0)
G0/G2 1 (2.6) 8 (20.5) 14 (25.9) 6 (15.4) 10 (18.5)
2 risk alleles 30 (78.9) 5(12.8) 2 (3.7) 1(2.6) 1(1.9)
G1/G1 8 (21.0) 1(2.6) 0 (0.0) 0 (0.0) 0 (0.0)
G1/G2 19 (50.0) 2 (5.1) 0 (0.0) 1(2.6) 0 (0.0)
G2/G2 3(7.9) 2 (5.1) 2 (3.7) 0 (0.0) 1(1.9)
Total 38 39 54 39 54

*The single HIV (+) CKD subject carrying the G1*M (A-G-I) haplotype is excluded from the table.




Association between APOL 7T risk alleles
and various glomerular diseases

HIV-Positive Patients and Controls

HIV-Negative Patients and Controls

Glomerular No. of APOLT Risk Alleles QR (95%Cl)  PValue
Disease 0 . ) 2 versus 1or0
risk alleles
Controls(n=108) 3463 18(33) 2(4) — -
HIVAN (n=38) 206)  6(16) 30079/ 89(17.7t0912) 1.2x107"
OtherCKD(n=78) 22(7) 11(28) 615 3.8 0.6t042) 0.13
FSGS (n=22) 969 3(23) 1(8) 21003todd) 048
HIVICK (n=12) 433 542 325 56041086 0.13
OtherGN (=277  7(00 3(30) 0(0) 0.0(0to30) >0.99
Other kidney 2600 000 2(500 2102t2029 01

diseases (n=17)°

No. of APOL1 Risk Alleles
0 1 2
B67) 17032 102
25(64) 13(33)  103)
506  3(33)
1009 7(@1) 0(0)
007 323 000

OR (95% Cl)

2 versus 1 or
0 risk alleles

14(0.02t0 11)

1(11) 60.3(0.08t0527)

0(0t0124)
0(0to210)

P Value

>0.99

0.26
>0.99
>0.99

Kasembeli et al. J Am Soc Nephrol. 26: 2882-2890, 2015



APOL1 predicts histopathology in HIV-
related kidney disease?

APOL1 risk alleles
2: FSGS(76%); HPT neph(10%); DN(10%)

1: ICGN(47%); FSGS(23%): DN(9%); other(23%)

0: ICGN(40%); FSGS(12%); DN(28%); HPT neph(8%)

Fine et al. ] Am Soc Nephrol 23: 343-350, 2012



Absence of HIVAN in Ethiopians

Ethiopians

— High frequency of E and S cluster MYHS risk variants

— Zero allele frequency for G1 and G2 APOL1

— No HIVAN

Behar et al. Am J Kid Dis 47: 88-94, 2006;
Rosset et al, Nat Rev Nephrol 7: 313-326, 2011



APOLI Risk Varniants and Other Characteristics Associated with Persistent Proteinuria in Unadjusted and Adjusted Logistic Regression

Variables U(ll‘ai?.“’l:tsjd .-\djustedf
Without AIDS History” With AIDS History
(n=902) (n=304)
OR 95%CI Pvalue OR 95%CI Pvalue OR 95%CI P-value
2 vs. 0/1 APOLI risk allele 418 226,774 <0001 592 257,1367 <0001 111 021,602 090
Age, per 10 year older 159 121,209 0001 111 070,175 065 123 064,235 054
History of injection drug use 086 026,283 081 116 024,565/ 085  _&  — —
Hypertension 248 155,395 <0001 217 ~104,451 . 004 / 193 079,474 015
Hepatitis C virus co-infection 175 109,280 002 <118 056248 065 108 044,264 086
History of clinical AIDS 177 110,284 002, = — R — — —
HAART since last visit 082 048/141 . 048 126, 054,294 058 120 037,384 076
CD4=+ cell count, per In100 cells/mm® higher ~ 0.70°.0.57,085 €0001' 069 047,100 005 087 061,123 043
HIV-1 RNA level, per In1000 copies/ mL higher 1.14 105,124 -0003 106 091,123 047 123 101,151 004
eGFR, per 10 mL/minv 1.73 m? lower 120 110,132 <0001 116 102,132 003 114 094,138 017
"P.interaction=0.06

*
“Adjusted for PCs 1-3 and all listed covariates

11LI-Iiswa of injection drug use among women with a history of clinical AIDS perfectly correlated with the presence of persistent proteinuria

Abbreviations: PC, principal components; HAART, highly active antiretroviral therapy; eGFR, estimated glomerular filtration rate

Estrella et al. Kidney Int 84: 834-840, 2013



ESRD risk associated with APOL 1

e 2 APOL1 risk alleles
— More rapid progression to ESRD

— 2x greater risk of ESRD

e Greater risk of ESRD with

— Lower baseline kidney function

— Proteinuria
— Fine et al. J Am Soc Nephrol 23: 343-350, 2012



Age-adjusted renal survival by number
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Response to ART

* Response to ART

— Rapid progression of HIVAN to ESRD if no/under-Rx
[Kalayjian, 2010; Fine, 2012]

— 3x incr risk of ESRD in non=HIVAN in spite of
effective ART/RAAS [Fine, 2012]
 APOL1 status, viral suppression and kidney
function

— 2.5x decline in eGFR with high risk APOL1 genotype

if poor viral suppression in the Multicenter AIDS
Cohort Study [Estrella, CID 2015]



Decline in renal function related to viral
suppression and APOL1 risk genotype
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Role of MYH9 and APOL1 in FSGS?

* MYH9 SNPs associated with CKD in European
Americans lacking APOL1 risk alleles
— O’Seaghdha et al. Hum Mol Genet. 20: 2450-2456, 2011
* MYH9 ablation in podocytes predisposed mice to

adriamycin nephropathy (drug-induced model of
FSGS)

— Johnstone et al. Mol Cell Biol. 31: 2162-2170, 2011

* MYH9 downregulated in glomeruli of patients with
HIVAN

— Hays et al. AIDS. 26: 797-803, 2012

* Both genes may independently contribute to
kidney disease susceptibility, with APOL1 more
susceptible to FSGS and HIVAN



Mechanisms for kidney disease risk
with APOL1

 Two risk alleles required for disease phenotype

* However, biopsy-proven HIVAN

— >1/3 had zero or one risk allele

— APOL1 risk genotype predicted combined non-HIVAN FSGS and
HIVAN (11X higher odds); HIVAN alene (3X higher odds)

— 19x risk of progression to ESRD in.those with DM
e Attaet al, Kidney Int 2012

e ‘Second hits’

— Infections: HIV; viral hepatitis co-infection; other
e produce IFN
* Therapeutic IFN reported to cause collapsing FSGS

— Gene-gene interactions
— llicit drug use
— Other CKD risk factors



Mechanisms for kidney disease risk
with APOL1

 APOL1 high risk variants may cause
glomerulosclerosis

* Mutated particles bind'less tightly to
circulating HDL3,.undergo glomerular filtration
and proximal tubular reabsorption and
thereby cause kidney disease

* Endogenous Apoll in renal epithelium may
cause apoptosis or autophagic cell death



APOL1-mediated cytotoxicity
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APOL 1 mediated cytotoxicity- Summary

* G1 and G2 APOL1 induce increased loss of
intracellular potassium early.in APOL1-induced

cytotoxicity
* This loss of intracellular.potassium activates
SAPK pathways

e These act as mediators of cell death

These signaling activities are dependent on the
dose of G1 and G2 expression



Pathways leading from genetic
susceptibility to clinical kidney disease

JC Second gene
HIV HAART  polyoma (NPHS2, SDCCAGS,
l Virus BMP4)
/f e & N\t {,' f/’[/l :
LNV S
’ o] » ' ESRD due to FGGS, FSGS, FSGS
ﬁzgﬁ,zpﬂf,?;aﬁ Moditying Factors > collapsing variant (HIVAN and others),
(G1/G1, G2/G2, G1/G2) sickle cell nephropathy, severe
= ' ’ ” lupus nephritis

Freedman and Skorecki. Clin J Am Soc Nephrol. 9: 2006-2013, 2014



Conclusion

* Genetic variation in APOL1 developed as an
evolutionary adaptation against endemic
human African trypanosomiasis resulted in
resistance to the infection

* However, it has conferred increased
susceptibility to chronic kidney disease in
conjunction with ‘second hits’, such as HIV
infection, other infections, gene-gene and
gene-environmental interactions





