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Abstract

African Americans have a 2-4-fold greater incidence of endstage kidney disease (ESKD) than
whites, which has long raised the possibility of a genetic cause for this disparity. Recent advances
in genetic studies have shown a causal association of polymorphisms at the Apolipoprotein L1
(APOL 1) gene with the markedly increased risk for the non-diabetic component of the overall
disparity in ESKD in African Americans. Although APOL I-associated kidney disease is thought
to account for a substantial proportion of ESKD in African Americans, not all the increased risk of
ESKD is accounted for, and a complete cataloging of disparities in genetic causes of ESKD eludes
our current understanding of genetic associated kidney disease. Genetic testing aids the screening,
diagnosis, prognosis and treatment of diseases with a genetic basis. Widespread use of genetic
testing in clinical practice is limited by the small number of actionable genetic variants, limited
health literacy of providers and patients, and underlying complex ethical, legal and social issues.
This perspective will review racial and ethnic differences associated with genetic diseases and
development of ESKD in African Americans, and will discuss potential uncertainties associated
with our current understanding of penetrance of genetically-linked kidney disease and population
attributable risk percent.

Chronic Kidney Disease (CKD) in African Americans (AAS)

Chronic kidney disease (CKD) affects an estimated 26 million Americans,! of whom
600,000 have endstage kidney disease (ESKD).! AAs have a 2—4-fold greater incidence of
ESKD than whites, and although rates of ESKD appear to be plateauing,! racial and ethnic
disparities in ESKD incidence and prevalence remain. Despite trials showing improvement
in CKD outcomes associated with better control of CKD risk factors such as diabetes and
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hypertension, and the decreasing incidence of ESKD for other minority groups such as
Native Americans,2~* AAs continue to have the highest incidence of ESKD nationwide, and
currently comprise 12.2% of the US population, but account for over 31.5% of the patients
with ESKD on dialysis.> Determinants of health such as public policies,® access to health
care, social and cultural factors, individual behavior, and biologic and/or genetic factors
contribute to these disparities in ESKD.

A higher proportion of genetic African ancestry in admixed AAs and Hispanic/Latino
Americans was found to associate with higher serum creatinine levels and lower eGFR,
especially within the normal range values.’ Further, hypertensive families of African descent
in the Seychelles demonstrated significant heritability estimates of glomerular filtration rate
(GFR) suggesting the familial aggregation of this trait and need for continued efforts to
understand the genetic determinants of kidney disease disparities.®

Recent advances in genetic studies have linked polymorphisms of the Apolipoprotein L1
(APOL 1) gene with an increased incidence of non-diabetic ESKD in AAs, which is thought
to account for roughly 70% of the disparity in ESKD incidence between AAs and whites.
9-11 Other genetic diseases such as sickle cell trait are also associated with development of
chronic kidney disease and contribute to this disparity.12 Genome-wide association studies
(GWAS:S) typically detect common variants of small to modest effects, and have revealed a
few loci for renal function, which associate with certain renal traits in AAs. These loci
include DOK6and FNDCI for urine albumin creatinine ratio (UACR) and KCNQ1 for
estimated glomerular filtration rate (eGFR). The strength of the statistical significance of
these loci is described as ‘suggestive’, in this largest but modestly-sized GWAS dataset in
AAs.13 GWAS conducted in a prospective CKD cohort, has also revealed one single
nucleotide protein (SNP), rs653747, located in RNA coding gene L/NCOO923, which
associates with eGFR decline among non-diabetic blacks.1

This perspective will review the current literature on what is known and unknown regarding
disparities associated with genetic diseases and development of ESKD specifically in AAs
and those with recent African ancestry (Figure 1).

APOL1 and Risk of ESKD

For over the past quarter century, AAs consistently have had a 2—4-fold greater incidence of
ESKD than whites, which has raised the concern and search for genetic causes for these
differences in rates. Over the years, many investigators have searched for potentially
inherited genetic causes for kidney disease, which led to the discovery of a variant of the
myosin heavy chain 9 (MYH9) gene on chromosome 22 and linkage to ESKD.12:16 Fyrther
evaluation by two sets of independent investigators, led to the discovery that two APOL 1
polymorphic variants (hamed G1 and G2) located on chromosome 22 in tight linkage with
MYHZ, were most likely to be associated with this increased risk of kidney disease in AAs.
917 Initial case control studies and later population-based studies confirmed the association
of APOL 1 with development of ESKD and chronic kidney disease (CKD).
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Case Control Studies in APOL1

Case control studies among AAs with non-diabetic kidney disease showed that AAs with
two APOL 1 high risk variants (G1/G1, G2/G2), or compound heterozygotes (G1/G2), were
at 10.5-fold (95% Confidence Intervals (Cl) 6.0-18.4) greater risk of biopsy-proven focal
segmental glomerulosclerosis (FSGS)-associated ESKD, 7.3-fold greater risk of
hypertensive ESKD (95% CI 5.6-9.5), and 29-fold greater risk of HIV associated
nephropathy (HIVAN) ESKD when compared to AAs with one or no copies of the APOL 1
alleles.%18 Initial population studies estimate that 30%—35% of AAs carry at least one risk
allele,19 while 12%-13% carry two of the high-risk alleles.29 While these studies reflect
etiology-dependent differences in relative risk, it should be recalled that case control studies,
which are classically conducted with small population samples of known cases, in the above
examples with biopsy proven disease, and carefully chosen controls, can be associated with
high case association when compared to rates obtained from population-based studies, and
therefore invite larger cohort studies.

Population-Based Studies in APOL1

Subsequent population-based studies showed that APOL 1 high-risk variant alleles were
associated with an increased risk of CKD,21 a 5.7-fold (95% CI 3.6-8.9) greater odds of
incident albuminuria, 22 lower age of dialysis initiation,23:24 greater risk of incident
hypertension, diabetes, but not acute kidney injury (AKI), hospitalizations, and mortality
compared to whites.25-26 Diabetes?” and socioeconomic factors were not found to attenuate
the risk of CKD progression.28:29 Although AAs were found to have a greater risk of
development of CKD, CKD progression, and ESKD, as well as other adverse outcomes, the
relative risk was much lower than that previously attributed to development of biopsy-proven
FSGS-, hypertensive-, and HIVVAN-associated ESKD based on the case-control studies.26
Data from the Dallas Heart Study,?! Coronary Artery Risk Development in Young Adults
(CARDIA) study,22 Chronic Renal Insufficiency Cohort (CRIC), and African American
Study of Kidney Disease and Hypertension (AASK) studies?’ confirmed that APOL 1 high-
risk variants were associated with greater risk of albuminuria, CKD progression, and ESKD.
In addition, among transplant recipients who received kidneys from cadaveric donors
positive for APOL 1, APOL 1 was associated with increased risk of transplant failure.
However, APOL 1 high-risk status in transplant recipients was not associated with any
adverse outcomes.39 Incident cardiovascular events were also shown to be associated with
APOL 1 high-risk variants among AAs from the Jackson Heart Study (JHS),3! but not
between all subjects with and without high-risk variants in the larger ARIC study.2® Larger
population-based cohort studies are needed to address discrepancies in these findings.

Mechanisms of action of APOL1

APOL 1 protein derives from a family of six apolipoproteins that are relatively conserved in
both primates and humans.32 APOL 1 is thought to have developed relatively recently and is
found to cluster on chromosome 22.33 The APOL 1 gene arose approximately 30 million
years ago, and is present in humans as well as some non-human primates.34 APOL 1 genetics
are thought to follow a recessive inheritance pattern, in which affected individuals receive
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alleles from both parents. G1 is associated with 2 amino acids substitutions (S324G and
1384M), while G2 is associated with 6 base-pair deletion, which accounts for 2 amino acids
(N'Y388-389).2 Possessing two of the high-risk APOL1 alleles, G1 or G2, is postulated to be
associated with the inheritance of “risk for disease” through a “toxic gain of function” or
“loss of protection” mechanism, instead of the classic “loss of function” mechanism, usually
associated with recessive genetic polymorphisms.34 APOL 1 is not essential for development
of kidneys, as a person has been found who is null/null for APOL 1 alleles, who was found to
have normal kidney function and no albuminuria, although kidney structure was not
documented.3> Animal studies show that APOL 1 is made primarily by the liver, but is
expressed in many organs including the kidney, and is upregulated in inflammatory states,
which may contribute to its pathophysiology in disease.3438 Recent basic research also
suggests that APOL 1 may be responsible for increased cellular uptake of HIV in HIVAN,
leading to accentuated immune responses and worse kidney disease in patients with active
HIV infections, who are not sufficiently suppressed by antiretroviral therapy.3 In fact, it has
been shown that patients with suppressed HIV viral loads below 400 copies/ml are less
susceptible to developing HIVAN in the setting of positive APOL 1 variants.38

APOL 1 polymorphisms are known to be a trypanolytic factor in humans, which protected
carriers from African trypanosomes, the causative parasite in African sleeping sickness.
Carriers of APOL 1 high-risk alleles are protected from African sleeping sickness; G2
confers resistance to 7rypanosoma brucei rhodesiense, and G1 decreases severity of
infection from 7.6. Gambiense.3° The mechanism of resistance to T.b. rhodesiense is still
somewhat unclear. It may be due to either insertion into the lysosomal membrane resulting
in lysosomal swelling, or due to interaction with the plasma membrane or mitochondria.*0
APOL 1 confers protection by insertion of an ion channel into trypanosomes, which
increases the risk of cellular and mitochondrial lysing, leading to death. Mechanisms of
APOL 1 toxicity and development of kidney disease in humans may be due to the ability of
APOL 1 to form ion channels in podocytes and other renal cells such as endothelium.
Abnormalities in endosomal trafficking are also a potential underlying mechanism of
APOL 1 disease.3341 In vitro studies have shown that APOL 1 may be implicated in
autophagy or apoptosis of certain cells and may interact with proteins that are critical for
glomerular function (slit diaphragm).#2 APOL 1 may also compromise the ability of certain
cell types, such as podocytes, to migrate, eventually leading to depletion in podocyte cell
number, thereby, increasing the risk of certain glomerular diseases.*2 Terminally
differentiated podocytes may be the target forAPOL1-associated disease, but more research
is needed to clarify specific pathways (Figure 2).4344 Certainty regarding the mechanisms of
APOL 1 and development of FSGS, hypertensive-associated nephropathy or HIVAN are not
currently known, but are under intense investigation.40

Combined Effects of APOL1 High Risk Alleles and GSTM1 Null Allele

Compared with the active allele, the null variant of the antioxidant gene g/utathione-S-
transferease-ul (GSTM1), GSTMI1(0) has been associated with a more rapid rate of
progression of hypertensive CKD in AAs. It has been shown that the joint effect of GSTM1
null and APOL 1 high-risk alleles leads to an increased rate of CKD progression compared to
those with GSTMI active/l APOL 1 low-risk alleles, and confers the highest risk of adverse

Am J Kidney Dis. Author manuscript; available in PMC 2020 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Umeukeje and Young

Page 5

renal outcomes among hypertensive AAs*®. Using the GSTMI active/ APOL 1 low-risk as
the reference group, the hazard ratios for the composite outcome of incident ESRD and
change in estimated glomerular filtration rate (eGFR) were as follows: [Group, hazard ratio;
95% confidence interval (p-value)] [GSTML1 active/ APOL 1 high-risk group, 2.13; 0.76 to
5.90 (p=0.15]; [GSTML1 null/APOL1 low-risk group, 2.05; 1.08 to 3.88 (p=0.03]; [GSTM1
null/APOL 1 high-risk group, 3.0; 1.51 to 5.96 (p=0.002].4

Type 2 Diabetes Mellitus (T2DM)

Disparities in incidence of Type 2 Diabetes Mellitus (T2DM)

An estimated 25.8 million people in the US have T2DM and diabetes-associated ESKD is
the primary cause of kidney failure in the US. AAs are over-represented in this patient
population,*® and AAs over the age of 40 have approximately two-fold higher greater
prevalence of type 2 diabetes compared to European Americans (27.1% vs. 15.5%).47
Genetic factors have been implicated.*8 Data from a large curated database of
geographically-annotated, disease-associated single nucleotide polymorphisms (SNPs) with
human variation measurements in 51 populations across 8 continents from the Human
Genome Diversity Panel (HGDP) were analyzed and showed that genetic risk for type 2
diabetes (T2DM) was highest in African populations, intermediate in Middle Eastern and
European populations, and lowest in Asian populations. It has been suggested that variation
in genetic risk not caused by genetic drift is likely a result of environmental adaptation,
which may explain why certain factors affect disease susceptibility. As populations have
migrated toward the East, individuals have acquired decreased genetic risk.4° This is likely
due to the impact of migration in addition to dynamic local environments, which encourage
genetic adaptations that favor beneficial traits.2 There is evidence that climate, diet, and
living conditions have led to genetic risk differences in T2DM.5! Single nucleotide
polymorphisms (SNPs), including those influencing glucose levels and susceptibility to type
2 diabetes, show variation in allele frequencies across populations with strong signals
associating with polar ecoregions, and with foraging, which is typically associated with a
diet rich in roots and tubers.>1

Ethnic differences in course of diabetes and diabetic complications

It has been suggested that different ethnic groups have variable risk associated with a
specific gene linked to diabetes®2 and ethnic differences exist in the course of diabetic
nephropathy, which is likely due to the presence of causative genetic factors.52 Specifically,
ethnic differences in susceptibility to diabetic nephropathy and ESKD have been
demonstrated. 53

Ethnic disparities have been demonstrated in the incidence of diabetic complications in a
large diabetic cohort after adjustment for demographics, socioeconomics, behavior, and
clinical profile. Compared to whites, Asians and Latinos had lower rates of myocardial
infarction (M), congestive heart failure (CHF) and stroke while blacks had lower incidence
of MI, but identical rates of CHF and stroke. Asians had one-third the incidence of lower
extremity amputations compared to whites, while blacks and Latinos had identical rates to
whites. Asians, Latinos and blacks had higher incidence of ESKD than whites. AAs,
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Hispanics and Native Americas have a higher incidence of diabetic ESKD and longer
survival after ESKD onset, and will likely constitute the bulk of the population of diabetic
ESKD patients in the future. These ethnic disparities in diabetic complications could not be
explained by socioeconomic (SES) disparities, modifiable behavioral outcomes or clinical
characteristics. Ethnic differences in genetic susceptibility have been implicated.53

Conversely, a recent post hoc analysis of a randomized clinical trial, showed no differences
in incident CKD, eGFR decline or ESKD by population, suggesting that improved
comprehensive and standardized management might eradicate some of the population
differences seen with kidney disease outcomes in type 2 diabetes. However, it is important to
note that the population in this study had a low prevalence of CKD.>*

Genes and AAs’ susceptibility to developing Type 2 diabetes mellitus (T2DM) (with or
without ESKD)

Emerging research involving fine mapping of reported T2DM loci in AAs (with or without
ESKD) has identified index single nucleotide polymorphism (SNP) at the 7TCF7L2, KLF14,
KCNQ1, ADCY5, CDKAL1, JAZF1, GCKRand HMGAZ loci with significant association
with T2DM (p < 0.05) in these patients.>® Two additional novel susceptibility loci, which
explain the phenotypic variance of Type 2 diabetes in AAs, have also been identified.6 An
additional genome wide association study (GWAS) identified diabetic nephropathy
susceptibility genes. These novel single nucleotide polymorphisms in AAs, distinct from
other ethnicities, contribute to susceptibility to T2DM with ESKD.57 SNP 757560163
reached genome-wide significance for association with T2DM, while four other loci had less
impressive evidence of association.®’

Rare Genetic Variants and Risk of Diabetic ESKD in AAs

Although APOL 1 accounts for a significant proportion of ESKD in AAs, not all cases of
ESKD can be ascribed to APOL 1. Investigators continue to search for additional genetic
variants that might be implicated in development of kidney disease in AAs, a population at
the highest risk for development of ESKD. Rare coding variants in Nephrin (NPHS1),>8
Cubilin (CUBN) and Megalin (LRPs) genes, involved in slit diaphragm transport and
transportation of albumin across renal tubular epithelial cells respectively, are associated
with albuminuria, and may be associated with ESKD in AAs.

Nephrin is an 85 KD transmembrane protein component of the normal glomerular filtration
barrier, which is expressed in podocytes. Polymorphisms of the gene were first described
with Congenital nephrotic syndrome of the Finnish type (NMPHS1), an autosomal recessive
disease associated with massive proteinuria in utero first described in several Finnish
families 1961.59:60 Using exome sequencing in an African American population with type 2
diabetes (T2DM) associated ESKD, Bonomo and colleagues evaluated coding variants in
NPHS1, and associations with T2DM-ESKD in discovery and replication cohorts.58 NPHS1
variant rs35238405 (T233A) was associated with T2DM-ESKD and non-diabetic ESKD in
AAs after adjustment for APOL 1. 1t has been hypothesized that this mutation compromises
the critical structural region bridging the 1g-C2 and 1g-C3 domains by altering the secondary
structure of a B-pleated sheet.>® The authors also found two additional variants (H800R and
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Y1174H) were associated with protection from ESKD. The authors conclude that variants in
the nephrin gene are associated with both increased risk of, and protection from ESKD.
While population-attributable risk is low (Table 2), interaction with APOL 1 may lead to
increased risk of ESKD. Although this study supports NPHSI as a potential nephropathy
susceptibility gene, more definitive confirmatory studies in larger replication population-
based cohorts are necessary.

Similarly, polymorphism in the cubilin (CUBN) and megalin (LRP2) genes have been
associated with diabetes-associated ESKD in AAs. Cubilin and megalin proteins complex
together to form a functional receptor complex in the proximal tubule that reabsorbs filtered
urinary albumin. Polymorphisms in CUBN gene have been shown to be associated with
albuminuria in individuals of European and recent African ancestry.51 Ma and colleagues
found CUBN SNP rs1801239 was associated with T2DM-ESKD in blacks (OR 1.31, 95%
Cl 1.03-1.67), while a novel LRP2missense variant was associated with protection from
T2DM-associated ESKD in blacks (OR 0.47, 95% CI 0.29-0.75).62 Additional confirmatory
studies are needed to support these novel findings.

Hypertension and other genetic findings

Cytochrome P4A11 arachidonic acid monooxygenase (CYP4A11) oxidizes endogenous
arachidonic acid to 20-hydroxyeicosatetraenoic acid, which is natriuretic and a renal
vasoconstrictor. The CYP4A11 78590C polymorphism has been associated with
hypertension in African-American men. Data from the African American Study of Kidney
Disease (AASK) shows higher systolic blood pressure (CC 156.5 +/- 22.6 versus 148.4 +/-
24.3 mmHg in CT and TT combined; p = 0.04). and pulse pressure (p = 0.04) in men with
the 8590CC genotype. African-American men with the CYP4A11 T8590C polymorphism
who were randomized to the lower blood pressure arm of the AASK trial also had higher
systolic and diastolic BP at 36 month follow-up. This genotype has also been associated
with an increased cumulative incidence of outcome measures of ESRD or death in black
men with proteinuria (p = 0.003), after adjusting for randomization and clinical
characteristics.53

Increased Cytochrome P450 3A5 (CYP3A5) of the CYP3A family activity disrupts the
metabolism of cortisol in the kidneys and results in sodium and water retention. Therefore,
CYP3A5was implicated in blood pressure regulation and it was suggested that it could be a
potential risk factor for the development of hypertension.84 However, the data from different
populations in different countries are conflicting. Furthermore, a meta-analysis evaluating
the association between the CYP3A5 polymorphism and blood pressure showed no
relationship between the CYP3A5 polymorphism and hypertension in neither white nor
black populations.%°

People with recent African ancestry in the US have been shown to have low plasma renin
activity and are considered to be “salt-sensitive”.56.67 Therefore, in investigating reasons for
the burden of hypertension in this population, the central role of the epithelial sodium
channel (ENAC), which handles sodium transport across membranes and blood pressure
regulation in the kidney, has been of interest. In addition to rare monogenetic disorders
associated with ENAC such as Liddle’s syndrome, the role of gene polymorphisms of ENAC
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in hypertension has been investigated. The 7594M polymorphism of ENAC was found
exclusively in blacks and associated with hypertension in a population of hemodialysis
subjects in South London.58 However, further research needs to be done to investigate the
potential role of Amiloride, which blocks ENAC, as a new pathway for treatment of high
blood pressure in a select population of black hypertensive patients.58

In a bid to explain the higher incidence and prevalence of hypertension, and its associated
target organ damage in AAs compared to Caucasians, it has also been shown that TGF-pB1
protein as well as TGF-p; mRNA levels are higher in hypertensives compared with
normotensives. More importantly, TGF-B; protein levels have been shown to be highest in
blacks with hypertension. 89 Prior work had shown that African American ESRD patients
hyper- express TGF-B1 compared with Caucasian ESRD patients; this has been postulated as
a mechanism for the increased prevalence of kidney failure in AAs.”0

Renin Angiotensin and Aldosterone System (RAAS) polymorphisms and ESKD

Well-known factors that influence progression of CKD to ESRD such as diabetes, ’!
hypertension’2, proteinuria,’3 and race’ have been attributed in part to a genetic
component; however, genomic factors explaining this complex phenotype are not well
understood. RAAS has been a focus of interest in this area because of its vasoconstrictive
properties and pro-inflammatory effect of constituents, which may contribute to
inflammation and renal fibrosis.”>78 The search for a genetic basis for kidney disease led to
significant interest in RAAS polymorphisms, because these were thought to contribute to the
development and course of non-diabetic kidney disease; however, available data are
conflicting in this regard.”” The genes encoding angiotensinogen (AGT), angiotensin
converting enzyme (ACE) and angiotensin 11 type 1 receptor (A721)have been investigated as
potential candidates contributing to kidney disease, because of the importance of the
proteins encoded by these genes in the regulation of intrarenal hemodynamics and
hypertension.

Angiotensinogen

Some evidence links polymorphisms in AGT gene with the development of hypertension’8,
and possibly kidney disease, in populations from France’8, Utah,”8 and Japan;’® however,
further studies have failed to support these findings in African American®9, European8? or
Japanese82 populations.83 The 77 polymorphism of the AG T gene, which replaces threonine
for methionine at codon 235, attracted significant interest due to the higher frequency of
homozygosity in AAs84 compared to whites. The 77 polymorphism was linked to higher
levels of plasma AGT’8 and altered renal control mechanisms (in whites), perhaps due to
more intrarenal formation of angiotensin Il. One study that compared renal hemodynamic
responses of AAs and whites to the ACE inhibitor, Captopril, and an infusion of angiotensin
I1, found differences suggesting that AAs have increased levels of angiotensin Il in their
kidneys. It is thought that the higher levels of angiotensin Il in AAs may correlate with an
increased frequency of the 77 polymorphism in AAs. Interestingly, plasma AGT levels
correlate with body mass index (BMI), and adipocytes express AG7 mRNA in abundance,
therefore supporting the hypothesis that environmental factors such as obesity could
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contribute to the effects of 77 polymorphism in AAs, since it has been shown that AAs have
increased body weight compared to other populations.83:8

Angiotensin-Converting Enzyme

The insertion/deletion of a 287 base pair a/u repeat sequence is the best-studied
polymorphism of the ACE gene, which has been investigated in relation to diabetic
nephropathy, kidney disease, and cardiovascular disease in non-diabetic patients. The
presence of the double deletion (DD) polymorphism may signal a higher rate of progression
of kidney disease in non-diabetic kidney disease,®8 and has also been linked to a faster
decline of renal function and reduced responses of blood pressure and proteinuria to ACE
inhibitors in type 1 diabetics.8” The insertion (7/) genotype in hypertensive albuminuric
insulin-dependent type 1 diabetics (IDDM), has been associated with the greatest reduction
in albuminuria [mean (95% CI)] [61% (34 to 77)%] vs. [22% (3 to 37)%] in the insertion
deletion (/D) and [31% (13 to 46)%] in the DD genotypes (p<0.01). Patients with the //
genotype also have a more pronounced reduction in mean arterial blood pressure (MABP)
compared to patients with /Dand DD genotype (p=0.02).87

A comprehensive genomic study of CKD progression examined the joint contribution of
RAAS variants to CKD progression.88 A single-marker, gene and pathway-based analyses of
the associations of common variants found 12 RAAS candidate genes associated with CKD
progression phenotypes of white and black participants from the Chronic Renal

Insufficiency Cohort (CRIC) study.88 Candidate genes AGT and RENBP were consistently
linked to risk of renal events in independent sub-populations of white and black subjects
from the CRIC study. Two individual AGT variants, rs5051 and rs699, were associated with
renal events among whites (p = 0.06 and 0.03 respectively) and blacks (p=0.05 and 0.17
respectively) after adjustment for systolic blood pressure. Additional RAAS pathway
candidate genes were also associated with renal events in white and black CRIC participants.
Interestingly, ACE and CYP/IB2were associated with CKD progression phenotypes in
whites while ACE2and AGTRZ2were associated with CKD progression in blacks.88

Other Potential Genetic Variants of Interest

UMOD Gene

Uromodulin is a Tamm-Horsfall protein, which is a glycoprotein synthesized by the thick
ascending limb of the loop of Henle (TAL). It is the most abundant protein in normal human
urine.8% Uromodulin is involved in the regulation of salt transport, protection against urinary
tract infections (UTIs), decreased propensity for forming calcium crystals, and provision of
innate immunity by binding immunoglobulins and cytokines and/or activating monocytes
and dendritic cells.89 It is encoded by the UMOD gene, one of the most impressive loci
associated with CKD in the general population, with a consistently large effect on eGFR and
CKOD risk, across different ethnic groups (OR [95% confidence interval]) (1.24 [1.19 to
2.19]) for CKD, increasing up to (1.35 [1.18 to 1.54]) if eGFRcrea <45ml/min/1.73m?2.89
UMOD remains the only locus that demonstrates genome-wide level of significance for its
association with incident CKD and incident ESRD. Dominant mutations in UMOD lead to
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the discovery of ADTKD, a rare disorder associated with hyperuricemia, gout and
tubulointerstitial disease, found to be associated with CKD and renal failure.8°

In at-risk individuals, higher levels of uromodulin are protective of kidney damage.
However, the lead UMOD risk variant (allele T at rs4293393) has been associated with a
dose-dependent increase in uromodulin expression, which is thought to be associated with
salt-sensitive hypertension and CKD. This ancestral allele has 70% to 80% prevalence in
Africans and Europeans and >90% prevalence in East Asians.89

Sickle Cell Disease (SCD) and Sickle Cell Trait (SCT) and development of CKD/ESKD

Sickle Cell Disease (SCD) is defined as homozygosity in hemoglobin S gene (SS), which
results in an amino acid substitution that leads to conformational changes in the rheology of
red blood cells (RBCs). Although the absolute number of people affect with SCD in the US
is unknown, current estimates suggest 100,000 people are affected, and that approximately 1
in 365 AAs and 1 in 16,300 Hispanic births are associated with SCD. SCD follows recessive
inheritance, and is associated with protection from development of malaria in endemic areas
of the world, such as sub-Saharan Africa and the Mediterranean coast. SCD is associated
with sickling of RBCs that leads to hypoxia in major organs, bones and muscle, resulting in
painful crisis, vascular thrombosis, and early renal disease. Kidney disease is one of the
most common complications of SCD, and manifests itself as a spectrum of disease termed
sickle-hemoglobin kidney disease, ranging from early alterations in urinary concentrating
ability (hyposthenuria), to medullary ischemia and microinfarctions due to RBC sickling.2
These pathologic changes result in release of cytokines, leading to hyperfiltration,
inflammation, and endothelial dysfunction. Clinically, patients can present with hematuria
(microscopic and gross), albuminuria, and papillary necrosis, which is the precursor to CKD
and ESKD.%0

Sickle Cell Trait (SCT) affects over 300 million people worldwide, and is found in 1 in 12
AAs, with a prevalence of 8-9%. SCT was thought to be a benign genetic finding until SCT
was shown to be associated with prevalent and incident CKD, rapid kidney function decline,
and albuminuria in population-based cohort studies,}2 Using five large, prospective,
population-based studies: ARIC (1987-2013), Jackson Heart Study (JHS) (2000-2012),
CARDIA (1985-2006), Multi-Ethnic Study of Atherosclerosis (MESA) (2000-2012), and
the Women’s Health Initiative (WHI) (1993-2012), 15,975 self-identified AAs with and
without SCT were evaluated for CKD, incident CKD, albuminuria, and decline in eGFR.
Individuals with SCT had an increased risk of CKD (odds ratio (OR) 1.57 [95% CI 1.34—
1.84], incident CKD (OR 1.79 [95% CI 1.45-2.20), and decline in eGFR (OR 1.32 [95% CI
1.07-1.61], compared to non-carriers. SCT was also associated with albuminuria (OR 1.86
[95% CI 1.49-2.31].12 There was no interaction with APOL1 high-risk alleles and those
with both APOL1 and SCT did not have an increased risk of CKD. Initial population-based
and case control studies did not show associations of SCT with development of ESKD, but a
larger observational study with the REasons for Geographic and Racial Differences in Stroke
(REGARDS) population showed a 2-fold (95% CI 1.44-2.04) greater risk of incident ESKD
in those with SCT compared to those without.9! Risk of ESKD was independent of APOL1,
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diabetes, and hypertension. Mechanisms of development of CKD are similar to those in
SCD, but attenuated by the reduced amount of hemoglobin S physiologic effects on RBCs.

CYP3A5*1 Polymorphisms and Genetic Differences in Metabolism Of
Immunosuppressants In Transplant Recipients

It has been shown that African American transplant recipients require higher doses of
Tacrolimus in order to achieve the same mean blood levels an immunosuppression as whites.
92 This has been linked in part to the presence of the wild type gene, CYP3A5*1 (one of the
genes in the cytochrome P450 system) in more than half of AAs, while being absent in 60 to
90% of whites, and leads to a rapid rate of metabolism of Tacrolimus in AAs.%3

Conclusions

New findings of genetic variants explain some, but not all of the racial/ethnic differences of
increased risk of ESKD in AAs and those of recent African ancestry in the US. Modern
genetic methods may lead to novel findings of additional variants and associations with
ESKD risk. Penetrance of genetic variants in complex diseases such as kidney disease and
hypertension remain unexplained, which may support gene and environment interactions on
disease presentation. Mechanisms of disease pathology continue to remain elusive and are
under intense investigation, results of which are necessary for the future development of
potential interventions. Although APOL1 is a strong candidate for the association of
development of kidney disease in AAs, mechanistic studies have not confirmed a definitive
mechanism for ESKD development. Independent replication of smaller GWAS findings in
larger African American cohort populations are needed to confirm findings and facilitate the
discovery of causal variants. Genetic penetrance of complex diseases depends not only on
the genetic abnormality, but also interactions with genetic and environmental influences.
Epigenetic differences along with sociocultural differences may also in part explain some
racial and ethnic differences in ESKD development and disease penetrance. Population-
attributable risk (PAR) estimates allows one to use prevalence and incidence data to try to
determine the effects of certain population characteristics and development of certain
diseases. Given the prevalence of APOL1 and other genetic diseases in the African
American community, an excess risk of kidney disease remains unaccounted for among AAs
(Table 2). Continued assessment of social and biologic determinants of health that can be
attenuated, need further evaluation to determine if the incidence and progression of kidney
disease in those with known genetic variants found to be associated with ESKD, can be
decreased.
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Figure 1.
The association of determinants of health with adverse outcomes in kidney disease
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The first and second hit hypothesis of APOL1 pathology in kidney disease
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Table 1:

Risk of Adverse Outcome Associated with APOL 1

Page 20

Type of Study, Author, Disease High Risk AA vs. 95% High Risk AA vs 95%
Study and Year Low Risk AA Confidence White Confidence
OR/HR/IRR/RR Interval OR/HR/IRR/RR Interval
R Multivariable R Multivariable
Analysis* Analysis*
Case Control Genovese? 2010 Hypertensive OR=7.3 5.6-9.5 - -
ESKD
Case Control Kopp!8 2011 FSGS OR=16.9 OR=29.2 11.0-26.5 - -
HIVAN 13.1-68.5
Cohort Dallas Heart Study | HTN - - OR=1.7 P=.003
Friedman® 2011 ACR OR=2.8 1.8-4.4
Egfr<60 OR=3.9 1.9-2.9
Cohort CRIC Parsa?’ ESKD - - HR=2.16 1.62-2.89
2013
Cohort CARDIA Peralta?? | Incident OR=2.93 1.86-4.62 OR=3.89 2.43-6.22
2016 Albuminuria
Cohort ARIC Grams?6 Incident HTN - - IRR=1.21 1.00-1.45
2016 Diabetes IRR=1.41 1.20-1.67
ESKD IRR=2.84 1.88-4.30
Cohort CARDIA Chen% Incident HTN RRR=1.04 0.56-1.94 - -
2017
RCT AASK Parsa?’ ESKD/Doubling HR=1.88 1.46-2.44 - -
Secondary 2013 Creatinine
analysis
RCT AASK Chen® Proteinuria in HR=1.72 1.27-2.32 - -
secondary 2017 HTN-Attributed
analysis CKD

*
Multivariable analysis: OR=0dds Ratio, HR=hazard Ratio, IRR=Incident Rate Ratio, RRR=Relative Risk Ratio. High risk APOL1 African
Americans include (G1/G1, G2/G2/ G1/G2), low risk APOL 1 African Americans <2 alleles (G1/G0, G2/G0, G0/G0).

Definitions: ESKD=endstage kidney disease, Coronary Artery Risk Development in Young Adults (CARDIA) study, Chronic Renal Insufficiency
Cohort (CRIC), and African American Study of Kidney Disease and Hypertension (AASK), and Atherosclerosis Risk in Communities (ARIC).
RCT=randomized controlled trial, hypertension (HTN, albumin to creatinine ratio (ACR), focal segmental glomerulosclerosis (FSGS), HIV
associated nephropathy (HIVAN), chronic kidney disease (CKD).
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Approximate Population-Attributable Risk Estimates for Genetic Disorders and Incidence in African

Americans

Table 2:

Genetic Variant

Population Prevalence

ESKD Population Attributable Risk %

APOL1 High Risk ESKD in general population? 13% 19%
Diabetic Kidney Disease?” 15% 13%
High Risk APOL1 and Biopsy-proven FSGS-ESKD18 13% 67%
High Risk APOL1 and Biopsy-proven Hypertensive ESKD? 13% 45%
High Risk APOL1 and HIVAN-ESKD 13% 78.4%
Sickle Cell Trait!? 8% 9.9%
NPHS1 T233A5% - 1.1%
NPHS1 Y1174H (protection)®8 - 2.43%
NPHS1 H800R (protection)®® - 4.56%

*
Population Attributable Risk (PAR) percent calculated: PAR= Pg (RRe —1)/1+ Pe (RRe —1) ><100,97v98 where Pe is the prevalence of the

exposure and RRg is the relative risk of disease due to that exposure.
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