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Introduction

lack Americans have an

increased risk of chronic kid-
ney disease (CKD) compared with
individuals ~ without  African
ancestry. Variants designated Gl
and G2 in the apolipoprotein L1
protein encoded by the APOLI
gene are a major contributor to
this increased risk.' These variants
arose independently, rarely occur
together on the same chromosome,
and exist almost exclusively in
individuals with recent African
ancestry. The percentage of in-
dividuals with 1 risk variant is
33% to 37% (G1/GO or G2/GO0),
whereas 13% to 15% individuals
possess 2 variants (high-risk ge-
notype- G1/G1, G2/G2, or G1/G2).
This equates to 5.6 million Black
Americans having 2 APOLI risk
variants (based on the 2024 United
States census data). The high
variant frequency reflects positive
selection for protection against the
endemic Trypanosoma brucei rho-
desiense infection, a parasite
causing African sleeping sickness.
Although these variants protect
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against infection, they come with
the risk of APOLI-mediated kid-
ney disease (AMKD); 15% to 20%
of individuals with high-risk ge-
notype develop CKD and 40% to
60% of Black patients with focal
segmental glomerulosclerosis carry
2 risk variants. High-risk geno-
type is also associated with more
rapid failure of kidney transplants
and elevated risk in Black Amer-
ican living kidney donors. The
evolving understanding of genetic
risk for AMKD impacts clinical
diagnostic genetic reporting, pa-
tient counseling, research, and
clinical trial design. We propose
an updated classification scheme
for reporting genetic test results
for APOLI that incorporates cur-
rent knowledge.

Evolution of Our
Understanding

In the initial autosomal recessive
model of AMKD, patients with 2
APOLI risk variants had a high-
risk of kidney disease whereas
the risk of 0 or 1 variant was not
significantly  elevated. Patients
with high-risk genotypes showed
incomplete  penetrance  with
approximately 15% of patients
developing kidney disease during
their lifetime. The recent finding
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that the APOLI p.N264K (Ml)
variant is protective against G2,2’3
and that individuals with a mon-
oallelic variant in APOLI have
intermediate-risk for AMKD,”
adds nuance regarding genetic
risk.

M1 Variant

The APOLI modifier variant M1
located in  the  membrane-
addressing domain is protective
against the G2 when present on
the same chromosome copy (cis).”
This variant was coinherited
through a proximity recombina-
tion event between a GO-M1 non-
risk haplotype and a G2 risk
haplotype.” It is seen in 3.2% to
6% of individuals with a high-risk
genotype containing at least 1 G2
(overall prevalence of 0.4%).” "
This combination is designated
G2-Ml. MI is protective against
the cytotoxicity and risk variant-
mediated disease of G2. This
highlights the necessity of viewing
APOLI risk variants in their ge-
netic context (haplotype).” M1 has
not been detected in cis with GI
(mutually exclusive). When pre-
sent in cis with GO it did not show
protective effect for G2 on the
opposite chromosome copy (trans).
There is no protective effect for
M1 in the absence of G2.” Testing
for M1 is warranted in patients
with high-risk genotypes that
contain at least 1 G2, as G1/G2-M1
and G2/G2-M1 genotypes have
lower AMKD risk, and G2-M1/G2-
M1 has even lower risk.”® Testing
of patients with monoallelic G2
(G2/GO genotype) will require
phasing to demonstrate whether
the M1 variant is in cis with G2
versus GO (Supplementary Text
S1). Although the presence of Ml
will impact only 4% to 5% of
patients with G2 containing high-
risk genotype, there is a large
impact at a population level. Based
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on a population prevalence of 13%
for Black Americans carrying 2
APOLI risk wvariants, this could
account for the reclassification of
between 103,000 to 137,000 pa-
tients from high-risk to nonhigh
risk genotype based on M1 testing
if all Black Americans have a
known APOLI risk status.”®®

Monoallelic Risk Variants and
Other Risk Modifiers

A recent study of APOLI risk
variants in individuals with CKD
from Ghana and Nigeria showed a
dose-relationship with the number
of variants present. Monoallelic
variants demonstrated intermedi-
ate risk of CKD and focal
segmental glomerulosclerosis (18 %
and 61% higher odds) and
increased likelihood of CKD pro-
gression compared with zero vari-
ants. Participants with 2 risk
alleles showed higher risk of CKD
and focal segmental glomerulo-
sclerosis (25% and 84% respec-
tively) compared with a single
variant." This study did not
include testing for MI, and as
study participants were limited to
2 regions of West Africa (Ghana
and Nigeria) the results may not be
generalizable to other African and
nonAfrican regions because of
differences in risk variant allele
frequencies, interacting genetic
elements, and environmental trig-
gers. However, there is emerging
evidence that African Americans
with single APOLI risk variants
also have increased risk of kidney
disease and that G1 and G2 effect
size may mnot be equivalent
(Supplementary Text S2 and S3).
African Americans with diabetes
and APOLI high-risk genotype
show more rapid decline in kidney
function and disease progression;
however, the impact of mono-
allelic risk variants in the setting
of diabetes and transplantation
requires additional investigation
(Supplementary Text S4 and S5).
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Other AMKD disease risk modi-
fiers have been reported, and in the
context of the “omnigenic model of
disease” it is likely that other posi-
tive and negative risk modifiers
will be identified. The omnigenic
model would also encompass
population-based genetic differ-
ences (e.g., ancestry specific back-
ground APOLI haplotypes) and
could be extended to environ-
mental effects (Supplementary
Text S6 and S7).

A Proposed Classification
Scheme with Implications for
Practice and Policy

The classification scheme we pro-
pose arose from practical necessity
to report results of clinically vali-
dated M1 genotyping as reflex
testing for patients with G1/G2 or
G2/G2 genotypes. From this
perspective, the historic 2-tier risk
classification does not adequately
communicate current understand-
ing regarding AMKD risk. We
believe a 4-tiered risk classification
scheme best reflects our current
understanding. However, input
from basic researchers, epidemiol-
ogists, nephrologists, patients,
laboratory  diagnosticians, and
pharmaceutical scientists is needed
to produce a consensus scheme to
communicate APOLI genotyping
results and AMKD risk.

Our proposed scheme retains
the original high-risk category for
2 APOLI risk variants without the
M1 protective variant. Individuals
with GO/GO genotype are classified
as nonrisk; single G1 or single G2
without M1 as indeterminate-risk;
and G2-M1/GO or G2-M1/G2-M1
as low-risk. To communicate that
the testing for the M1 was per-
formed and that it was not detec-
ted, we propose the designation of
“G2-MO0”. The indeterminate-risk
categorization communicates that
individuals with a monoallelic risk
variant (G1/G0, G2-M0/GO, or G2-
MO0/G2-M1) have a low-to-
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intermediate risk of kidney dis-
ease compared with those with
0 variants, but less risk than in-
dividuals with 2 variants (G1/G1,
G1/G2-MO or G2-M0/G2-MO) and
avoids giving false reassurance
implied by the previous “low-
risk” term. Individuals with an
indeterminate-risk genotype
would benefit from monitoring of
kidney function. Although the
risk of kidney disease in the low-
risk group is likely very low, it
is not conclusively known to be
zero. We believe this 4-tiered
classification scheme would more

clearly communicate current
knowledge regarding APOLI
genotyping and AMKD risk

(Figure 1 and Table 1) but will
require periodic updates to incor-
porate new knowledge
(Supplementary Text S8). Updated
diagnostic criteria for AMKD will
require further development and
integration of genetic risk classifi-
cation with clinical features. Such
a scheme will have to consider
regional and population effects on
disease risk, and individual clin-
ical context, such as diabetes and
kidney transplantation.

Call to Action

Attention to AMKD offers hope for
addressing the disproportionate
burden of kidney disease in in-
dividuals with at-risk African
ancestry. However, the
complexity of determining which
individuals with APOLI risk var-
iants are truly at elevated risk re-
quires focused effort to address
critical research questions and
diagnostic challenges.

Biomarkers

Biomarkers to enable a more
definitive AMKD diagnosis are
critical. Historically, a diagnosis of
AMKD has been made in patients
with nondiabetic CKD patients
with a high-risk APOLI genotype.
This is problematic given that
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Initial standard testing: ~ Genotypes with M1 testing: AMKD risk:
GO MPDIN No risk
G0 MNPWIN
61 MPBIN Indeterminate
, GO NP (low to intermediate)
'R 61 MPBON High
\ ’ '+ 61 MPBAN |
\ ’ l MPGBON G1/62-MO High
R
’ L 2] 61 DMPWBIN NPT G1/G2-M1 Indeterminate
] L < 62 MPBOT MOBODOBOT fomioRkamoiate)
Test indications: Testing Genotyping: NPT G2/G2-MO High
e African descent  requirements: e G1/G2 MPQWW
* CKD and/or « Informed * M1 reflex testing :
P : L G2-M0/G2-M1
proteinuria consent (with 1+ G2 alleles) 62 NPT ) {Eﬂiﬂﬁﬁgﬂg‘jﬁgw
i ko 62 MPBON MOBOVDOBON
(buccal swab,
blood, tissue) G2ZM1/G2-M1 Low risk
dNPBOVIVIN
qumm Indeterminate
A (low to intermediate)
62 MW MPQIDN G2-M0/Go
Go DPDIN ) ,
DMPBITBIBIN Low risk
MPQDN G2-M1/Go

Figure 1. APOLT testing workflow. APOLT genetic testing is indicated for Black Americans with CKD and/or proteinuria. Patient consent is
required, as well as a DNA sample (such as from buccal cells, blood, and frozen or formalin-fixed paraffin tissue). Genotyping is performed by
polymerase chain reaction for G1 and G2 alleles. For cases with a G2 allele, M1 variant testing can be performed for improved assessment of
genetic risk status. CKD, chronic kidney disease; AMKD, APOLI-mediated kidney disease.

most individuals with high-risk
genotypes will not develop kid-
ney disease (incomplete pene-
trance) and risk variants may
accelerate disease progression in
patients with pre-existing diabetic
kidney disease. There is currently
no definitive way to know if such
patients truly have CKD resulting
from AMKD. Although the

Table 1. Summary of descriptive AMKD
risk attributed to results of G1, G2, and M1
APOLT variant genotyping

Genotype 61 62 Ml Risk of AMKD
G0/GO 0 0 NA Non risk
G1/G0 1 0 N/A Indeferminate risk
62-M0/GO 0 1 0 Indeferminate risk
G2-M1/G0 0 1 1 Low risk
G1/G1 2 0 NA High risk
G1/62-M0 1 1 0 High risk
G1/G2-M1 1 1 1 Indeferminate risk
G2-M0/G2-MO O 2 0 High risk
G2-M0/G2-M1 O 2 1 Indeterminate risk
G2-M1/G2-M1 0 2 2 Low risk

AMKD, APOLI-mediated kidney disease.
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histopathologic spectrum on kid-
ney  biopsy includes focal
segmental glomerulosclerosis or
nephrosclerosis, these can also be
attributed to other etiologies.
These issues highlight the urgent
need for blood, urine, and/or tis-
sue biomarkers to determine
which patients may benefit from
APOLI targeted therapy.

Risk Stratification

APOLI risk stratification will
soon have treatment implica-
tions.  Although no FDA-
approved therapies currently
exist, multiple active clinical
trials for AMKD (clinicaltrials.
gov identifiers NCT05312879,
NCT06824987, NCT05237388),
are currently enrolling patients
with high-risk genotypes. The
impact of G2-M1 haplotype and
monoallelic APOLI variant risk
also needs to be incorporated

into future trials. Large studies
are needed to better understand
AMKD risk in patients with
low and indeterminate-risk ge-
notypes when they have known
potential secondary “triggers,”
such as viral infections or auto-
immune diseases. Improved risk
stratification would also be use-
ful in Black American prospec-
tive living kidney donors. Such
information could inform clinical
decisions regarding therapeutic
interferon for conditions such
as multiple sclerosis or viral
hepatitis.

The emerging understanding of
AMKD highlights the need for
additional research. We propose a
classification schema for commu-
nicating current understanding of
APOLI risk genotypes. Such a
scheme will evolve as our knowl-
edge of AMKD progresses. In the
era of precision medicine, a clear
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and adaptive classification system
for APOLI genotyping is essential.
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