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Abstract

Sickle cell disease (SCD) and APOL1 G1/G2 variants increase chronic kidney disease (CKD) risk
in African Americans by poorly understood mechanisms. We applied bioinformatics to identify
new candidate genes associated with SCD-related CKD. An interaction network demonstrated
APOA1 connecting HBB and APOL 1 with 36 other candidate genes. Gene expression revealed
upregulation of ELMO1 and down-regulation of APOAI in the kidney cortex of SCD vs. non-
SCD mice. Analysis of candidate genes identified £LMO1 rs10951509 to be associated with
albuminuria and APOA1rs11216132 with hemoglobinuria in SCD patients. A bioinformatic
approach highlights £LMO1 and APOA1 as potentially associated with SCD nephropathy.
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When the hemoglobin S mutation, an E6V variant in the HBB gene, is inherited in the
homozygous state (sickle cell anemia, HbSS), up to 44% of adults have chronic kidney
disease (CKD),(1) which is approximately a two-fold higher prevalence than the general
African-American adult population.(2) Homozygosity or compound heterozygosity for G1
and G2 variants of APOL 1, encoding apolipoprotien L1, are commonly observed in people
of African descent and account for up to 70% of the risk for kidney disease in non-diabetic
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African Americans.(3) The molecular mechanisms for how the HbS mutation or the APOL 1
risk variants lead to CKD are not well understood.

A bioinformatic approach may help to identify candidate genes and pathophysiologic
pathways for the development of kidney disease. This approach was previously used by
Chasman and colleagues to identify candidate genes based on biological connections to 24
seed genes associated with kidney function in genome-wide association studies in European
populations.(4) For example, LRPZ, which encodes megalin and functions to reabsorb low
molecular weight proteins from the urine, was selected as a candidate gene based on its
connection to the seed gene, DABZ. The LRP2rs10490130 variant was then found to be
associated with estimated glomerular filtration rate in both European and African-American
cohorts.

The purpose of this study was to identify genes associated with kidney disease in patients
with sickle cell disease (SCD) using 1) gene interaction networks and pathway analysis, 2)
gene expression studies in the kidney cortex of transgenic sickle cell mice, and 3) testing the
association of candidate gene variants with kidney disease in SCD patients.

We performed a literature search for genetic variants associated with CKD in African
Americans using the search terms, “gene” and “kidney” and “African”. We found 961
articles published prior to 12/31/2019 and selected 148 additional studies cited by these
articles. Forty-six candidate genes with replicated variants associated with CKD in African
Americans were identified (Supplementary Table 1-4). An interaction network was
developed based on these 46 genes plus APOL 1 and HBB using Cytoscape for the analysis.
(5) This approach identified a network that was dependent on 36 of the candidate genes plus
HBB, APOL 1, and 26 additional genes not yet implicated in CKD (Figure 1). APOAI,
encoding apo-lipoprotein Al, a gene not previously associated with CKD in African
Americans, provided a functional connection among HBB, APOL 1 and the other candidate
genes in the network.

The DAVID bioinformatics resources (6) were used to develop gene enrichment pathway
analysis using the 64 genes (36 candidate genes, 26 additional genes, HBB, and APOL 1)
included in this interaction network. Pathways with a Benjamini-adjusted A-value < 0.01
were considered statistically significant. A gene enrichment pathway analysis using all 64
genes in the gene interaction network revealed 11 Kegg pathways that were enriched
(Supplementary Table 5). One of these pathways, chemokine signaling, consists of six genes
including ELMO1 and has a 6.2-fold enrichment (P = 0.006).

We tested whether the 46 candidate genes with replicated variants associated with CKD in
African Americans (Supplementary Tables 1 — 4) were differentially expressed in the kidney
cortex of transgenic sickle cell (HbSS) versus non-sickle cell (HbAA) mice. Renal cortical
tissue from transgenic sickle cell mice (Townes model, Jackson laboratory; Bar Harbor,
U.S.A.) were dissected. The RNA was extracted and processed by the University of Illinois
at Chicago (UIC), Core Genomics Facility from ten samples (5 HbSS and 5 HbAA,; all
female and 9 months of age). The Affymetrix Mouse Gene Array 2.0 (Thermo Fisher
Scientific, Waltham, MA) was employed for the study. Raw and FDR corrected P-values
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following the Benjamini-Hochberg procedure of differential expression for the candidate
genes were calculated. Twenty-one of the 46 genes were differentially expressed (18
upregulated, 3 down-regulated) (FDR < 0.01) (Table 1). £/mo1 was the gene with the
strongest differential expression in the renal cortex (FDR = 5.5 x 1075). Due to the proximal
position of APOA1 in the interaction of APOL 1 with other candidate genes in the interaction
network (Figure 1), we tested the differential expression of APOAZ and found it to be down-
regulated in HbSS versus HbAA mice (fold change 0.7, P = 3.7 x 107>, FDR = 0.001).

We focused on polymorphisms of the 21 candidate genes associated with CKD in African
Americans that were differentially expressed in the sickle mouse kidney cortex. We
examined the association of 48 SNPs in these 21 genes with kidney disease in 299 SCD
patients enrolled in a prospective registry at UIC. The study was approved by the
institutional review board and all subjects provided written informed consent. The median
age of this cohort was 32 years, 41% were female, and 48% were on hydroxyurea. Chronic
kidney disease was present in 53% of SCD patients. Other baseline characteristics of the
cohort are provided in Table 2. Genotyping was carried out using Affymetrix Axiom
genome-wide Pan-African GeneChip array at the Core Genomics Facility at UIC, as
previously described.(7) Allele dosages were associated with hemoglobinuria and markers
of kidney disease adjusting for age, sex, SCD genotype, and population structure. Chronic
kidney disease was defined as urine albumin concentration = 30 mg/g creatinine or estimated
glomerular filtration rate (eGFR), calculated by the chronic kidney disease epidemiology
(CKD-EPI) equation,(8) as < 60 mL/min/1.73m2 on two consecutive outpatient visits.(9)
Eighty tag-SNPs for APOA1 were identified based on the phased genotypes using a greedy
algorithm with a linkage disequilibrium threshold set at r2=0.5.(10) Bonferroni corrected P-
values are provided for the association between the APOA1 tag-SNPs with kidney
phenotypes. A polymorphism of £LMO1, rs10951509 (minor allele frequency 0.35),
correlated with urine albumin concentration (B —0.39, P = 0.048) and CKD (OR 0.71, P =
0.089). A tag-SNP of APOA1, rs11216132, correlated with hemoglobinuria (minor allele
frequency 0.31; OR 0.39, P = 0.055).

ELMO1 encodes a member of the engulfment and cell motility protein family involved in
promoting phagocytosis and cell migration that has been implicated in diabetic nephropathy
in African Americans.(11-13) Increased £/mol expression is observed in the Kidney cortex
of diabetic versus nondiabetic mice. Overexpression of £LMO1 in COS cells leads to
increased expression of genes (7GFBI1, FN1, COL1A1) which cause an over-accumulation
of extracellular matrix proteins.(12) In Akita type I diabetic mice genetically altered to have
a graded expression of £/mo1, a direct association between increased £/mol expression and
albuminuria, glomerulosclerosis, and 7GFB1 is observed,(13) while decreased expression is
associated with protection from these changes. The ELMO1 rs10951509 variant has been
associated with a reduced risk of diabetic nephropathy in two independent cohorts of
African Americans.(11) Consistent with these findings, we observed that £/mo1 expression
is increased in the kidney cortex of the transgenic sickle cell mice and that ELMO1
rs10951509 was associated with lower urine albumin concentrations in SCD patients
highlighting the potential role of ELMO1 in SCD-related glomerulopathy.
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The gene interaction analysis pointed to direct functional links among HBB, APOL 1 and
APOA1L. APOL1is a component of the trypanosome lytic factor complex that scavenges
cell-free hemoglobin.(14) APOL 1 G1/G2 risk variants are associated with hemoglobinuria
in SCD patients providing clinical evidence for this functional link.(15) APOA1 encodes the
major structural protein of HDL particles, including the trypanosome lytic factor.(16) In two
multi-ethnic populations from the Atherosclerosis Risk in Communities (ARIC) cohort and
from the Third National Health and Nutrition and Examination Survey (NHANES I11), lower
plasma APOA1 concentrations have been associated with a higher prevalence of CKD.(17,
18) Lower plasma APOAL concentrations have been associated with endothelial dysfunction
and elevated systolic pulmonary artery pressure, as estimated by echocardiography(19) and
by right heart catheter-defined pulmonary hypertension,(20) in SCD patients. Furthermore,
treatment of arterioles from SCD mice with an APOA1 mimetic, L-4F, protects vascular
endothelial function by reducing endothelial xanthine oxidase and improving vasodilation.
(21) Our observation for the association of APOA1rs11216132 with hemoglobinuria may
indicate a potential role for this apolipoprotein in cell-free hemoglobin scavenging, either in
circulation or in the kidney cortex.

In summary, we selected APOL1, HBB, and 46 other genes with validated variants
associated with CKD in African Americans and applied a bioinformatic approach to identify
additional candidate genes for SCD-related CKD. Gene expression analysis identified that
21 of the 46 candidate genes were differentially expressed in the kidney cortex of SCD
versus non-SCD mice, including the increased expression of £LMQO1 and decreased
expression of APOA1. This approach points to £.MO1 as a potential candidate gene for
SCD-related nephropathy and suggests a role for a new candidate gene, APOAL. Future
studies investigating these candidate genes may improve our understanding of the molecular
pathways and serve as targets for future research in African American and SCD-related
CKD.

Supplementary Material
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Interaction network of candidate genes associated with kidney disease in African Americans.
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Figure 1.

38) represent the candidate genes, HBB, and APOL 1; cyan diamonds (n

26) represent the linker genes that facilitate connection of the candidate genes.
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Candidate gene expression changes in the kidney cortex of sickle cell versus non-sickle cell transgenic mice

Gene Fold-Change™ | FDR Value
Elmo1 1.21 0.00006
Tfap2 1.19 0.0005
Frmd3 0.93 0.0036
Cyp3a5 0.82 0.0051
FbxI20 1.16 0.0051
Nphs1 1.28 0.0054
Auh 0.86 0.0054
Lip2 155 0.0068
Umod 1.21 0.0069
Cubn 1.61 0.0071
Tofb1 1.20 0.0072
Ptpro 1.37 0.0072
Myh9 1.50 0.0072
Tef712 1.24 0.0075
Nphs2 1.22 0.0075
Nos3 112 0.0075
Pip5k1B 1.12 0.0075
Sashl 1.20 0.0079
Rrebl 1.32 0.0079
Plekhal 1.28 0.0079
Agitrl 1.25 0.0085

*
Fold-change represents the average change in gene expression in HbSS versus Hb AA mice; FDR, false discovery rate
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Table 2.

Baseline variables of 299 patients with sickle cell disease from the University of Illinois at Chicago.

Patient Characteristics Value
Age (years) 32 (23 -43)
Sex (male : female) 59% : 41%
Genotype

Hemoglobin SS or SB°-thalassemia 245 (82%)

Hemoglobin SC 39 (13%)

Hemoglobin Sp*-thalassemia 15 (5%)
Hydroyxurea therapy (%) 145 (48%)
Chronic kidney disease (%) 157 (53%)
eGFR (ml/min/1.73m?) 131 (100 — 149)
Albuminuria (mg/g creatinine) 39 (13-192)
Hemoglobinuria 62 (21%)

Median (interquartile) values provided; eGFR, estimated glomerular filtration rate
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