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Abstract

Recently, an association was found between non-diabetic kidney disease in African Americans
and two independent sequence variants in the APOL1 gene, encoding apolipoprotein L1. In this
study we determined the frequency of APOL1 risk variants in patients with biopsy-proven HIV-
associated nephropathy (HIVAN) and distinctive pathological characteristics potentially driven by
those risk variants. Among 76 patients with HIVAN, 60 were successfully genotyped for APOL1
G1 and G2 polymorphisms. In this cohort, 37 had two risk alleles, 18 were heterozygous and 5
had neither risk variant. There were no differences in the pathological findings of HIVAN and the
number of APOL1 risk alleles. Further, the progression to end stage kidney disease or death did
not differ by the number of risk alleles. Median renal survival was 9.3 months in patients with
none or one risk allele compared to 11.7 months in patients with two APOL1 risk alleles. Thus,
our study suggests that although the majority of African American patients with HIVAN have two
APOL1 risk alleles, other as yet unknown factors in the host including genetic risk variants and
environmental or viral factors may influence the development of this disorder in those with none
or one APOL1 risk allele.
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Introduction

Results

It has long been recognized that individuals with African ancestry with or without HIV
infection have higher cumulative lifetime risk of end stage kidney disease (ESKD), higher
frequency of kidney disease, and faster progression to ESKD. 173 It is calculated that the
cumulative lifetime risks for ESKD are 7.8%, 7.3%, 2.5%, and 1.8% for a 20-year-old black
woman, black man, white man, and white woman, respectively. 2 Familial clustering of
disparate etiologies of kidney disease (e.g., diabetes-attributed ESKD, hypertension-
attributed ESKD, and HIVAN) also has been observed in African American families. 4
HIVAN is a distinct phenotype induced by HIV-1 infection and is the most aggressive
kidney disease in HIV-1 infected patients. The strong predilection of the disorder for
individuals of African descent implies the existence of host genetic variations to explain this
racial predilection. A genetic susceptibility locus has been identified in the transgenic mouse
model of HIVAN. ® These animal studies suggested that HIVAN in this setting is linked to
susceptibility alleles that along with viral proteins induce latent perturbations in the
podocyte gene expression network. & In humans, using genome wide mapping by admixture
linkage disequilibrium, Kopp et al. 7 found several alleles within the MYH9 gene on
chromosome 22 (a gene expressed in glomerular podocytes), with higher frequency among
African Americans with HIVAN compared to African American controls. To date, no causal
sequence variation in MYH9 has been identified. It was also noted that many African
Americans with HIV-1 infection and who carry these risk alleles at MYH9 locus do not
develop HIVAN, suggesting that other susceptibility factors or “multiple hits” must exist to
initiate the disease process. Recently, a stronger association was demonstrated between non-
diabetic kKidney disease in African Americans and two independent sequence variants in the
nearby gene, APOL1, encoding apolipoprotein L1. 8- © Genovese et al. demonstrated an odds
ratio of 10.5 (95% CI 6.0 — 18.4) for idiopathic FSGS and 7.3 (95% CI 5.6 — 9.5) for
hypertension-attributed ESKD. 8 Similarly, Kopp et al. have shown that the presence of two
APOL1 risk alleles is associated with an odds ratio of 17 for primary FSGS and 29 for
HIVAN, compared to zero or one APOL1 risk allele. 10 The APOL1 risk variants appear to
confer resistance to some trypanosomal infections, the cause of African sleeping sickness,
which may explain their high frequency in populations of West African descent.8

The current study was designed to determine the frequency of APOL1 risk variants in
patients with biopsy-proven HIVAN and examine distinctive pathological characteristics
that are potentially driven by those risk variants.

This study included 76 HIV-infected African Americans with biopsy-proven HIVAN. DNA
could not be amplified in 17 patients, leaving 61 patients in the study cohort who were
successfully genotyped for APOL1 using kidney biopsy tissue. On pathological review, all
HIVAN cases were confirmed as such, except for one case which was determined to have
non- collapsing focal segmental glomerulosclerosis (FSGS) and was excluded from the
present study. The final analysis was limited to 60 cases, of whom 37 (62%) were
homozygous for the G1 and G2 risk alleles, 18 (30%) were heterozygous, and 5 (8%) had
neither risk variant.

Kidney Int. Author manuscript; available in PMC 2013 February 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Atta et al.

Page 3

As shown in Table 1, the proportion of patients with a history of illicit drug use was
significantly higher in those with combined 0/1 APOL1 risk allele compared to those with 2
APOL1 risk alleles (78.3 vs.47.2% respectively, p=0.03). Even upon the exclusion of those
with 0 APOL1 risk allele, the proportion of patients with a history of illicit drug use was
significantly higher in those with 1 APOL1 risk allele compared to those with 2 APOL1 risk
alleles (77.8 vs.47.2% respectively, p=0.04). There were no significant differences in age,
sex, hepatitis C virus co-infection, kidney function, proteinuria, exposure to renin-
angiotensin-aldosterone system blockers at the time of biopsy or after biopsy, or steroid
therapy at the time of biopsy across the APOL1 risk allele groups (Table 1). Similarly, there
were no differences observed in HIV viral load, CD4+ cell count, or proportion of patients
on antiretroviral therapy (ART) at the time of biopsy across the APOL1 risk allele groups.
None of the patients had suppressed viral load defined as <50 copies/ml at the time of the
biopsy.

Pathologic characteristics of patients with 2 APOL1 risk alleles

Morphological features of HIVAN by the number of APOL1 risk alleles are compared in
Table 2. The groups were similar, though those with 1/0 APOL1 risk allele had a trend
toward more hyalinosis compared to those with 2 APOL1 risk alleles, (p=0.05). Severity of
disease as manifested by the number of cellular or fibrous crescents, number of collapsed
glomeruli, proportion with severe interstitial inflammation, and tubular atrophy was not
significantly different across the APOL1 risk allele groups.

Risk of ESKD and mortality associated with APOL1

During 79.4 person-years of follow-up, progression to ESKD occurred in 31 participants, of
whom 22 had 2 APOL1 risk alleles. Individuals with 2 APOL1 risk alleles experienced
similar progression to ESKD compared to those with 0/1 risk alleles (Figure 1). In the
unadjusted analyses, individuals with 2 APOL1 risk alleles had similar risk of ESKD
compared to those with 0 /1 risk alleles (Table 3). Individuals with diabetes at the time of
kidney biopsy had significantly greater risk of ESKD (HR=3.34, Cl 1.11-10.05, P<0.03). In
the adjusted analyses, increasing age was associated with 6% lower risk of ESKD per year
of increase (HR=0.94, CI 0.88-1, P=0.05). Diabetes remained significantly associated with
ESKD risk (HR=18.96 CI 3.38-106.28, P=0.001) (Table 3).

During 238.9 person-years of follow-up, individuals with 2 APOL1 risk alleles experienced
the same mortality compared to those with 1/0 risk alleles (Figure 2). No difference in the
combined outcome of ESKD and mortality was observed across the APOL1 risk allele
groups (Figure S1).

Discussion

The study suggests that although the majority of African American patients with HIVAN in
our cohort have 2 APOL1 risk alleles, other unknown genetic risk variants or host factors
must exist to explain the development of HIVAN in those with 0/1 APOL1 risk allele and
that the absence of two risk alleles does not exclude the risk for HIVAN in HIV-infected
persons. Compared to those with 2 risk alleles, the presence of 1 or no risk alleles was not
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correlated with clinical or histologic features in our study. Further, we found that inheritance
of 2 copies of APOL1 risk variants conferred no greater risk of disease progression or
mortality than inheritance of 0/1 risk allele.

Genovese et al. reported the strongest association signals with FSGS in African Americans
in the APOL1 region rather than in the neighboring MYH9 region. 8 The APOL1 missense
variants S342G:1384M (G1) and nonsense deletion N388/Y389 (G2) are more strongly
associated with ESKD risk than the MYHO risk variants. The APOL1 allele frequency is
estimated to be more than 30% in African-Americans while 8-13% of African-Americans
carry 2 copies of APOL1 risk alleles G1 or G2. 8 Our study highlights the high frequency of
the 2 APOL1 risk variants (62%) in patients with HIVAN. This is compared to 21% in
patients with type 2 diabetes mellitus (DM) and ESKD, 11% in non-diabetic controls, and
1.8% in type 2 DM without kidney disease. 11 Despite this strong association of APOL1 risk
variants with HIVAN, which may also explain the 3—4-fold increased risk for ESKD in
African Americans compared to European Americans in the general population, our study
suggests that homozygosity for the G1 or G2 risk alleles is not necessary for the
development of HIVAN in HIV-infected individuals. Other chromosome 22 genetic risk
variants in addition to APOL1 risk alleles, the influences of other modifying genes, or non-
genetic factors may explain the appearance of HIVAN in those lacking two APOL1 risk
alleles. Therefore, the search for other susceptibility variants in patients with HIVAN
remains a critical challenge. Further, it would be premature to recommend genetic testing to
identify those at increased risk for HIVAN. Furthermore, it is important to note that the
current study only provides an estimate of the sensitivity, not the specificity, of such a
screening test.

Histologically, HIVAN is characterized by prominent hypertrophic and proliferating
glomerular epithelial cells leading to the formation of pseudocrescents filling Bowman’s
space, combined with collapse of the glomerular capillary tuft and often with microcystic
tubular dilatation. 12 If left untreated, HIVAN almost invariably progresses to ESKD within
weeks to months. 12 In this study, APOL1 risk alleles did not correlate with any histological
features of HIVAN or influence progression to ESKD or mortality. This suggests that while
APOL1 variants may confer a risk for HIVAN, they do not influence the pathologic
manifestations of the disease and that diverse interaction between genetic background and
HIV can produce an identical clinico-pathologic syndrome. Recently, our group in
collaboration with others explored the APOL1 risk variants in HIV-infected individuals with
kidney disease other than HIVAN (Fine et al., JASN, in press). Notably, 2 APOL1 risk
alleles were found in 63% of individuals with classical FSGS, which is remarkably similar
in frequency to those individuals with HIVAN in this study. Thus, this may suggest that
APOL1 strongly increases susceptibly to podocyte injury in African Americans with or
without HIV infection. The nature of the resulting histologic injury pattern
(glomerulosclerosis or cellular proliferation) may be influenced by other factors that remain
to be determined. It could be argued, however, that our patients had quite advanced disease
by the time they were diagnosed, and perhaps it was difficult to observe a difference in
outcomes at this late stage. Substance use in this cohort involved cocaine, heroin, or both.
Cocaine has been demonstrated to be associated with kidney disease in HIV infected
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individuals. 14 Interestingly, the proportion with illicit drug use was significantly higher
among those with 0 or 1 APOL 1 risk allele and indeed it was significantly higher among
those with 1 versus 2 APOL1 risk alleles. These data would fit with a model of gene-
environment interaction, whereby either 2 APOL1 risk alleles plus HIV infection or 1
APOL1 risk allele plus HIV infection plus illicit drug use work in synergy to produce
HIVAN. Alternatively, it is possible that our study may have been underpowered to detect
small differences among the groups.

The mechanism by which APOL1 risk variants increase susceptibility to non-diabetic kidney
disease such as FSGS or HIVAN is undetermined. Glomerular podocytes manifest high
levels of autophagy under basal conditions to maintain cellular homeostasis.1> APOL1
overexpression induces autophagic cell death in two cancer cell lines'6: 17; whether these
findings are relevant for glomerular cells remains to be determined. On the other hand,
inhibition of autophagy using inhibitors of class I11 phosphatidylinostol 3-kinase such as
Wortmannin and 3-methyladenine blocks APOL1-induced autophagic cell death. 17 In mice,
podocyte-specific deletion of autophagy-related gene 5 (Atg5) leads to a glomerulopathy in
aging mice, accompanied by an accumulation of oxidized and ubiquitinated proteins,
endoplasmic reticulum stress, and proteinuria. These changes ultimately result in podocyte
loss and late-onset glomerulosclerosis. 1> Whether the glomerulopathy that occurs in HIV-1
infected individuals is driven by alteration in autophagic signaling pathways as a result of
those specific APOLL1 risk alleles is unclear and requires further investigation.

Our study has a number of limitations. Although our analyses were based on a recessive
model for APOL1 where 2 risk alleles increase risk of disease, others have suggested some
increase in risk with a single risk allele. 18 Our study, however, lacked power to distinguish
between 0 and 1 risk allele to examine this issue. The biopsies were performed in the context
of clinical care, and therefore the timing of the biopsies was not standardized. Nevertheless,
the biopsies in both genotype groups were similar in terms of HIV disease (CD4+ cells
counts) and kidney disease (mean serum creatinine). Many biopsies were done late in the
course of HIVAN, as evidenced by the mean serum creatinine of approximately 5 mg/dL,
and this may have limited our ability to discern a difference in progression rate between
genotype groups. The number of cases studied was modest, although similar in size to other
published studies of HIVAN biopsies. The limited numbers of patients on ACE
inhibitor/ARB use at the time of biopsy (n=18) did not allow us to study the potential renal
benefit of these agents in this cohort.

In conclusion, our study offers further insights into the genotype/phenotype correlation in
African American patients with HIVAN. APOL1 risk variants strongly increases susceptibly
to podocyte injury in African Americans with HIV infection APOL1 or without similar to
African Americans without HIV infection noted in other studies. Further work is required to
delineate potential interactions between host genetic background, environmental factors, and
viral factors that trigger disease initiation as well as progression. Since not all patients with
HIV disease and 2 APOL1 risk alleles develop HIVAN, and others develop HIVAN with 0
or 1 APOL1 risk allele, it is clear that HIVAN results from a complex interplay of host and
viral factors
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Materials and Methods

Study Design and Population

Archived percutaneous native kidney biopsies from African-American HIV-infected adults
performed at the Johns Hopkins Hospital between January 1996 to December 2009 were
collected. Only those with a biopsy report diagnosing HIVVAN/collapsing glomerulopathy
were included in the study. Biopsies from 78 such patients were obtained for genotyping
(see genotyping details below). DNA could not be amplified in 17 patients, leaving 61
patients in the study cohort. This study was approved by the Institutional Review Boards of
the Johns Hopkins University School of Medicine and the National Institute of Diabetes and
Digestive and Kidney Diseases, NIH.

Histopathologic review of biopsy material

Histopathology, of the 61 genotyped cases, original slides were only available on 54 cases
(the remaining 7 cases, HIVAN diagnosis was based on pathology reports using the same
criteria to define HIVAN) were available and were reviewed by a pathologist masked to the
genotype (M.K). After the review, findings were compared with the pathology reports (all
performed by pathologists other than M.K.). If the review findings were different from the
original report, a second pathologist (L.R), also masked to the genotype, reviewed the slides
and made the final ruling on the findings.

Genotyping assay for formalin-fixed paraffin-embedded (FFPE) tissue

Oxidized tissue was removed by cutting five 5 um sections from the face of each FFPE
block and five 10 micron sections were cut and placed into 1.5 ml microcentrifuge tubes.
175 uL of microwave retrieval solution (0.1% guanidium thiocyanate and 0.1M NaOH), was
added and heated to 100 °C over 10 minutes followed by an additional 10 minutes at 100 °C
using the microwave module of a Milestone RH-1 microwave tissue processor (Hacker
instruments and industries, Winnsboro, SC).1% Samples were placed into a Thermomixer
(Eppendorf, North America) for 5 minutes at 65° C, and then centrifuged for 5 minutes at
14,000g at 4°C. The lysates were transferred to fresh tubes leaving the paraffin behind. DNA
was isolated using the phenol-based AutoGenprep 245T DNA extraction kit according to the
method of the manufacturer (Holiston, MA). DNA was suspended in 10 mM Tris, pH 8.0.
Yield and purity were determined by NanDrop 1000 spectrophotometer (NanoDrop
Technologies, Thermo Scientific, Wilmington, DE). DNA was stored at —20°C until
subsequent assay/analyses.

Genotyping APOL1

The APOL1 G1 allele (comprising SNPS rs73885319 and rs60910145) and the G2 6 base
pair deletion (rs717185313) were genotyped by TagMan assays (ABI, Foster City, CA).
Since the HIVAN group is comprised of cases only, we tested the three SNPs for
conformance to Hardy-Weinberg expectations using the same TagMan probes and
conditions among an independent set of 383 African Americans subjects using a chi-square
goodness of fit test; the SNPs conformed to Hardy-Weinberg expectations (p>0.05) in an
African American control group (data not shown).
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Statistical analyses

Baseline characteristics and renal histopathological findings were compared according to the
number of APOL1 risk alleles using Kruskal-Wallis test for continuous variables and X test
for categorical variables. Variables with skewed distributions were log;g-transformed.

We evaluated the association of APOL1 risk alleles with time to ESKD using survival
analysis methods. Renal survival times were determined from the time of kidney biopsy to
ESKD (defined as an eGFR below 15 mL/min/1.73 m? or initiation of dialysis). Participants
were censored at the last available visit, death, or the date of June 30, 2011. Kaplan-Meier
estimates were calculated, and incident ESKD rates were compared between those with 2
APOL1 risk alleles versus those with 0 or 1 risk alleles. Unadjusted and adjusted Cox
proportional hazards models were constructed to determine the hazard ratio (HR) for ESKD
and the corresponding 95% confidence interval. Covariates in the final model were selected
based on their clinical and statistical significance on univariate analyses. A parallel survival
analysis was conducted to study the association of APOL1 risk alleles with time to all-cause
mortality. Survival times were determined from the time of kidney biopsy to death, and
participants were censored at the last available visit or June 30, 2011. Statistical analyses
were performed using Stata/MP 11.2 statistical software (StataCorp, College Station, TX).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

This work was supported in part by the NIDDK and NCI Intramural Research programs. This project has been
funded in whole or in part with federal funds from the National Cancer Institute, National Institutes of Health,
under contract HHSN26120080001E. The content of this publication does not necessarily reflect the views or
policies of the Department of Health and Human Services, nor does mention of trade names, commercial products,
or organizations imply endorsement by the U.S. Government. This Research was supported [in part] by the
Intramural Research Program of the NIH, National Cancer Institute, Center for Cancer Research. The authors thank
Paul Kimmel for critical review of the manuscript. Cancer Research. The authors thank Paul Kimmel for critical
review of the manuscript.

References

1. US Renal Data System (USRDS). 2010 annual data report: National Institutes of Health. National
Institute of Diabetes and Digestive Diseases and Kidney Diseases; Bethesda, MD: [Accessed July
21, 2011]

2. Kiberd BA, Clase CM. Cumulative risk for developing end-stage renal disease in the US population.
J Am Soc Nephrol. 2002; 13:1635-1644. [PubMed: 12039993]

3. Lucas GM, Lau B, Atta MG, et al. Chronic kidney disease incidence, and progression to end-stage
renal disease, in HIV-infected individuals: a tale of two races. J Infect Dis. 2008; 197:1548-1557.
[PubMed: 18422458]

4. Freedman BI, Soucie JM, Stone SM, et al. Familial clustering of end-stage renal disease in blacks
with HIV-associated nephropathy. Am J Kidney Dis. 1999; 34:254-258. [PubMed: 10430971]

5. Gharavi AG, Ahmad T, Wong RD, et al. Mapping a locus for susceptibility to HIV-1- associated
nephropathy to mouse chromosome 3. Proc Natl Acad Sci U S A. 2004; 101:2488-2493. [PubMed:
14983036]

Kidney Int. Author manuscript; available in PMC 2013 February 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Atta et al.

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

Page 8

. Papeta N, Chan KT, Prakash S, et al. Susceptibility loci for murine HIV-associated nephropathy

encode trans-regulators of podocyte gene expression. J Clin Invest. 2009; 119:1178-1188.
[PubMed: 19381020]

. Akilesh S, Huber TB, Wu H, et al. Podocytes use FcRn to clear IgG from the glomerular basement

membrane. Proc Natl Acad Sci U S A. 2008; 105:967-972. [PubMed: 18198272]

. Genovese G, Friedman DJ, Ross MD, et al. Association of trypanolytic ApoL1 variants with kidney

disease in African Americans. Science. 329:841-845. [PubMed: 20647424]

. Tzur S, Rosset S, Shemer R, et al. Missense mutations in the APOL1 gene are highly associated

with end stage kidney disease risk previously attributed to the MYH9 gene. Hum Genet. 128:345—

350. [PubMed: 20635188]

. Kopp JB, Nelson GW, Sampath K, et al. APOL1 genetic variants in focal segmental
glomerulosclerosis and HIV-associated nephropathy. J Am Soc Nephrol. 2011; 22:2129- 2137.
[PubMed: 21997394]

Freedman BI, Langefeld CD, Lu L, et al. Differential effects of MYH9 and APOL1 risk variants on
FRMD3 Association with Diabetic ESRD in African Americans. PL0oS Genet. 7:¢1002150.
[PubMed: 21698141]

D’Agati V, Appel GB. HIV infection and the kidney. J Am Soc Nephrol. 1997; 8:138-152.
[PubMed: 9013459]

Atta MG, Gallant JE, Rahman MH, et al. Antiretroviral therapy in the treatment of HIV-associated
nephropathy. Nephrol Dial Transplant. 2006; 21:2809-2813. [PubMed: 16864598]

Fine DM, Garg N, Haas M, et al. Cocaine use and hypertensive renal changes in HIVinfected
individuals. Clin J Am Soc Nephrol. 2007; 2:1125-1130. [PubMed: 17942770]

Hartleben B, Godel M, Meyer-Schwesinger C, et al. Autophagy influences glomerular disease
susceptibility and maintains podocyte homeostasis in aging mice. J Clin Invest. 120:1084-1096.
[PubMed: 20200449]

Zhaorigetu S, Wan G, Kaini R, et al. ApoL1, a BH3-only lipid-binding protein, induces autophagic
cell death. Autophagy. 2008; 4:1079-1082. [PubMed: 18927493]

Wan G, Zhaorigetu S, Liu Z, et al. Apolipoprotein L1, a novel Bcl-2 homology domain 3- only
lipid-binding protein, induces autophagic cell death. J Biol Chem. 2008; 283:21540-21549.
[PubMed: 18505729]

Papeta N, Kiryluk K, Patel A, et al. APOL1 variants increase risk for FSGS and HIVAN but not
IgA nephropathy. J Am Soc Nephrol. 2011; 22:1991-1996. [PubMed: 21997397]

Shi SR, Datar R, Liu C, et al. DNA extraction from archival formalin-fixed, paraffinembedded
tissues: heat-induced retrieval in alkaline solution. Histochem Cell Biol. 2004; 122:211-218.
[PubMed: 15322858]

Kidney Int. Author manuscript; available in PMC 2013 February 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Atta et al.

Page 9

1.001

0.501

Proportion surviving

0.254

Dialysis 0 or 1 risk allele
2 nisk alleles

Long rank p=0.31

0.001

Figure 1.
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Years since kidney biopsy

Kaplan—Meier estimate of renal survival in two groups of study patients (0/1 APOL1 risk
allele and 2 APOL1 alleles). Median renal survival was 9.3 months (IQR 3.6, 14.6) in
patients with 0/1 APOL1 risk allele compared to 11.7 months (IQR 3.4, 24.5) in those with2
APOL1 risk alleles, p=0.31 (log rank test).
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Figure2.
Kaplan—Meier estimate of survival in two groups of study patients (0/1 APOL1 risk allele

and 2 APOL1 alleles). Median survival was 34.2 months (IQR 16.6, 77.1) in patients with
0/1 APOL1 risk allele compared to 20.1 months (IQR 12.5, 34.3) in those with2 APOL1 risk
alleles, p=0.40 (log rank test).
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Table 1
Baseline characteristics of the study population
Characteristics All Patients (N=60) 2APOL1risk alleles 1/0 APOL Irisk allele P-value
(N=37) (N=23)

Mean age, years (SD) 42.7 (8.1) 41.7 (8.3) 443 (7.6) 0.23
Women, n (%) 29 (48) 21 (56.8) 8 (34.8) 0.09
Diabetes, n (%) 6 (10) 2(5.4) 4(17.4) 0.13
Hypertension, n (%) 34 (56.7) 22 (59.5) 12 (52.2) 0.58
HepatitisC, n (%) 32(53.3) 17 (46.0) 15(65.2) 0.15
Hepatitis B, n (%) 4(6.7) 2(5.4) 2(8.7) 0.62
Illicit drug use history, n (%) 35(59.3) [n=59] 17 (47.2) [n=36] 18 (78.3) [n=23] 0.03
ART useat biopsy, n (%) 13 (24.5) [n=53] 8 (24.2) [n=33] 5 (25.0) [n=20] 1.0
ACE inhibitor/ARB use at biopsy, n (%) 3(15.8) [n=19] 0.0 (0.0) [n=11] 3(37.5) [n=8] 0.06
ACE inhibitor/ARB use after biopsy, n (%) 18 (37.5) [n=48] 11 (36.7) [n=30] 7 (38.9) [n=18] 1.0
Glucocorticoid use after biopsy, n (%) 24(46.2) [n=21] 18 (54.6) [n=12] 6 (31.6) [n=9] 0.15
Mean HIV viral load, 1000 copiesml (SD) at the 194 (218) [n=50] 206 (225) [n=32] 173 (211) [n=18] 0.63
time of biopsy

Mean CD4+ cell count, cellsmm3 (SD) 164 (185) 176 (205) 145 (153) 0.56
Mean Proteinuria, g/24 hours (SD) 8.7 (8.8) 8.4 (8.5) 9.2(9.5) 0.72
Mean Serum creatinine, mg/dL (SD) 5.4 (3.3) 5.3(2.7) 55(4.2) 0.79
Mean estimated GFR, ml/min/1.73m? (SD) 20.9 (19.3) 18.3 (14.8) 25.2 (24.8) 0.46
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CORRELATION BETWEEN BIOPSY FINDINGS AND APOL1 GENOTYPE

Page 12

Data are presented as mean (SD) or count (percentage). Only subjects with glomeruli=5 (n=51) were included

in analyses denoted (+).

Characteristics All Patients (N=54) | 2 APOL1 risk alleles OAPOLLrisk alele | P-value
(N=32) (N=22)

Total glomeruli assessed, mean number (SD) 18.2 (10.6) 19.1 (10.9) 16.8 (10.2) 0.40

Cellular crescents*, n (%)

0 48 (94.1) 30(96.7) 18 (90.0)

1 2(3.9) 0(0.0) (0.0)

2 1(2.0) 1(3.2) 0(10.0) 0.15
Fibrous crescents*, n (%)

0 47 (92.2) 28 (90.3) 19 (95.0)

1 3(5.9) 3(9.7) 0(0.0)

2 1(L9) 0(0.0) 1(5.0) 0.15
No. of globally scler osed gloms® (SD) | 6.8 (8.4) | 8.4 (9.9) | 44(48) | 021
No. of segmentally scler osed gloms* (SD) | 18 (1.4) | 17(23) | 2(2.6) | 0.36
No. of glomsw/ collapse* (SD) | 2.8(1.2) | 29(12) | 2.6(1.2) | 0.56
Hyalinosis (%) | 27 (50) | 12 (37.5) | 15 (68.2) | 0.05
Severeinter stitial inflammation n (%) | 15 (27.8) | 11 (34.4) | 4(188) | 013
Severeinterstitial fibrosis, n (%) | 35 (64.8) | 22 (68.8) | 13 (59.1) | 0.50
Severetubular atrophy, n (%) | 34 (63.0) | 22 (68.6) | 12 (54.6) | 0.40
Tubular cysts, n

0 15 (28.3) 8 (25.0) 7(333)

1 37 (69.8) 23 (71.9) 14 (66.7)

2 1(19) 13.1) 0(0.0) 0.85
Vascular disease, n (%) 24 (44.4) 18 (56.3) 6(27.3) 0.15
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Table 3

Hazard ratios of ESK D associated with APOL1risk alleles

Page 13

Shown are the results for univariable and multivariable models predicting end-stage kidney disease (ESKD).
In the multivariable model, only the presence of diabetes was associated with an increased risk for ESKD.
eGFR, estimated glomerular filtration rate.

Univariate Multivariate
Variable Hazard Ratio Hazard Ratio
P-value P-value
(95% confidenceinterval) (95% confidence interval)
APOL1, 2 v. 0/1 risk alleles 0.89 0.62
0.76 0.28
(0.43-1.86) (0.27-1.46)
Age, per year increase 0.99 0.94
0.71 0.05
(0.94-1.04) (0.88-1.0)
Female 0% 1 | e
0.59
(033-18) | 1 e
Hepatitis C antibody seropositivity 7z -
0.17
(0.80-367) | |1 e
Diabetic 3.34 18.96
0.03 0.001
(1.11-10.05) (3.38-106.28)
Hypertensive (0103 (Y e——
0.21
(030232 | | -
HIV-1 RNA level, per logyo 1 copy/ mL higher 0 I N [ ——
0.97
(0.88-1.15) | | -
CD4+ cell count, per 1 cell/mm? higher 00 | | e
0.28
(0.99-1000 | | -
Baseline eGFR, per 1 mL/min/1.73 m2 higher 0.99 0.98
0.21 0.18
(0.96-1.01) (0.96-1.01)
Proteinuric at biopsy mg/g increase 0.97 0.96
0.36 0.21
(0.91-1.03) (0.89-1.03)
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