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APOLT1-associated renal disease, also known as APOL1 renal risk variants or APOL1 nephropathy, represents
a genetic kidney disorder associated with certain variants of the APOL1 gene. The APOL1 gene encodes a
protein that plays a crucial role in the immune system’s response to trypanosome infection, the cause of African
sleeping sickness. However, two distinct genetic variants of the APOL1 gene, known as G1 and G2, have
been conclusively associated with an elevated risk of renal disease in individuals of African descent. Recent
research has demonstrated that carrying two copies of either the G1 or G2 variant significantly increases the
risk of progressive kidney diseases, such as focal segmental glomerulosclerosis (FSGS) and hypertensive kidney
disease. APOL1-associated kidney disease typically presents with features of chronic kidney disease, including
proteinuria, hematuria, hypertension, and declining kidney function. Furthermore, hypertension and diabetes
serve as additional risk factors for kidney disease, and individuals with both conditions and APOL1 gene variants
may further elevate their risk of developing renal disorders. Obesity and smoking also contribute to the risk of
kidney disease, particularly in cases with APOL1 gene variants. Moreover, various medical conditions, including
lupus, HIV, and sickle cell disease, can exacerbate the likelihood of kidney disease in individuals with APOL1
gene variants. These conditions could lead to end-stage renal disease (ESRD) necessitating treatments such as
dialysis or kidney transplantation.

Introduction Key point
Apolipoprotein L1 (APOL1) associated
nephropathy or APOLl-associated renal
disease refers to a genetic disorder that
predominantly affects the kidneys of African
Americans with high blood pressure or
diabetes (1). It leads to chronic kidney failure
in a subset of individuals who carry specific
mutations in the APOL1 gene, which have
been related to an increased risk for this
condition (1,2). This hereditary form of
kidney disease is more prevalent among
people of West African descent and accounts

The presence of APOL1 risk variants increases the risk
of developing kidney disease. APOLT genetic variants
show a higher prevalence among individuals of recent
African descent. Carriers of these variants have an
augmented predisposition to develop kidney diseases,
including focal segmental glomerulosclerosis and
chronic kidney disease. The risk factors for developing
APOL1-associated kidney disease include having two
copies of the APOL1 gene variant, African ancestry,
family history of kidney disease, and other medical
conditions such as hypertension and diabetes.
Environmental factors such as exposure to toxins and
infections may further elevate the risk.

for up to 2% of all cases of end-stage renal
disease (ESRD) in the United States. The
mechanism through which these mutations
cause damage to the kidneys involves a
cascade of inflammation and oxidative stress,
leading to progressive deterioration of kidney
function over time (2). In this comprehensive
review, we sought to study the most recent
findings on APOLI-associated renal disease
and its impact on clinical investigations and
patient management.

Search strategy

For this review, we conducted searches
on various academic databases, including
PubMed, Web of Science, EBSCO, Scopus,
Google Scholar, Directory of Open Access
Journals (DOAJ), and Embase, We used a
range of keywords to ensure comprehensive
coverage, such as focal segmental
glomerulosclerosis, chronic kidney disease,
HIV-associated  nephropathy, = APOLI-
associated kidney disease, African ancestry,
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kidney disease, hypertension, end-stage renal disease and
apolipoprotein L1 (APOL1) associated nephropathy.

APOLI1-associated kidney disease

APOLI represents a rather unique disease gene. APOL1-
associated kidney disease defies typical disease-causing
gene patterns, featuring common variants with large effect
size, both recessive and gain-of-function, a broad spectrum
of related phenotypes, unique genetic testing issues, and
lack of a clearly defined role for APOLI in normal renal
physiology (3,4). APOL1 variants have been implicated in
renal disease, particularly in populations of recent African
descent. These variants are linked to a spectrum of chronic
renal diseases, from renal arteriosclerosis to severe forms
of focal segmental glomerulosclerosis (FSGS) (5,6). Prior
research has shed light on several mechanisms responsible
for APOL1-mediated cell toxicity, including lysosomal
dysfunction and stimulation of cellular pathways. The
initial sign of APOLI-mediated kidney injury often
manifests as proteinuria resulting from podocyte damage
(7,8). Additionally, APOLIl-associated renal disease
(APOLIl-associated nephropathy) is among the most
common contributors to chronic renal failure globally. It
is not limited to specific regions and affects individuals
of African ancestry globally (6,9). Despite significant
advancement in comprehending APOLI-associated
kidney disease, there is a pressing need for additional
case-control and longitudinal studies, particularly Within
the African diaspora and sub-Saharan Africa, to further
explore the associations and mechanisms underlying this
complex condition. Recent studies found that in cases with
high-risk APOL1 genotypes, the lifetime risk of developing
kidney failure is approximately 15% (10,11). To assess the
prevalence and distribution of Mendelian renal diseases
in individuals with these high-risk genotypes undergoing
commercial genetic examination in the United States, da
Silva Francisco et al analyzed clinical exome sequencing
data from 15,181 individuals. Their study revealed that
about 10% of individuals with high-risk APOL1 genotypes
exhibited evidence of Mendelian renal disease (12).

Common APOLI1 variants associated with kidney
disease

The most common APOLI1 variants associated with
kidney disease are G1 and G2, which are exclusively found
on African-derived chromosomes and absent on Asian
or European chromosomes. The G1 and G2 variations
developed separately in distinct episodes on two different
haplotypes of chromosome 22 and have not undergone
recombination events; consequently, Gl and G2 are
not noted on the same haplotype (6,13). APOL1 kidney
risk alleles have a profound impact on the spectrum of
renal diseases in individuals of recent African descent
throughout their life course. These variants significantly
increase rates of hypertension-associated end-stage
kidney failure, HIV-associated nephropathy, FSGS and

other forms of non-diabetic renal disease. Having both
risk variants result in an odds ratio of approximately
7-10 for hypertension-related end-stage kidney failure,
around17 for FSGS and roughly 29-89 for HIV-associated
nephropathy (6,14).

Mechanism of action of APOL1 variants in renal disease
The dominant perspective for variant APOLI-induced
kidney injury proposes a gain-of-function mechanism
whereby APOLI risk variants form active ion channels,
causing cytotoxicity and damage to kidney cells (3,15).
Recent studies suggest that APOL1 risk variants may
stimulate cytotoxicity and damage to kidney cells by
depleting cellular potassium and inducing stress-activated
protein kinases. Additionally, these variants exacerbate
podocyte injury by intensifying inflammatory stress. Their
presence in renal vascular cells and podocytes contributes
further to renal disorders (16,17).

Difference between APOL1 GO and G1/G2 variants
regarding kidney injury

The difference between APOL1 GO and G1/G2 variants in
terms of kidney injury is as follows:

APOLI1 GO variant

The GO variant is the reference variant and is considered
non-risk. Individuals with the GO variant have a lower risk
of developing kidney disease compared to those with G1
or G2 variants. The GO variant is not associated with an
increased risk of idiopathic FSGS or other forms of kidney
disease (5,18).

APOLI G1/G2 variants

The G1 and G2 variants are considered renal-risk variants,
associated with an increased risk of non-diabetic kidney
diseases, such as FSGS and HIV-associated nephropathy
(HIVAN). These variants have higher odds ratios for
HIVAN and FSGS compared to the GO variant. Notably,
G1 and G2 variants are exclusive to African-derived
chromosomes and are absent in Asian or European
chromosomes (19,20). The G1 and G2 variations developed
separately on distinct haplotypes of chromosome 22
without recombination, meaning they are not found on
the same haplotype (6,13). APOL1 kidney risk variants
are most strongly linked to HIV-associated nephropathy
and FSGS, with odds ratios of 17 and 29, respectively.
However, it's important to note that additional factors,
such as sickle cell anemia, viral infections, autoimmune
disorders, or glomerular hyperfiltration, are often
required as “second hits” for kidney disease to manifest.
Recently it was detected that the upregulation of APOL1
by various interferons can serve as a potent second hit.
While FSGS and HIV-associated kidney disease are the
most commonly associated diseases with APOL1 G1 and
G2 variants, it is worth mentioning that APOLI variants
have also been linked to an increased risk of other forms
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of nondiabetic chronic kidney disease. Nevertheless, FSGS
and HIV-associated nephropathy remain the primary
diseases associated with these variants (7,21).

Ongoing clinical trials for APOL1-associated kidney
disease

Small molecule inhibitors and antisense oligonucleotides
that target APOL1 (APOL1 inhibitors) are under study as
potential therapies for APOL1-associated kidney disease
(22).

Vertex Pharmaceuticals is conducting a phase II study
of an oral small molecule inhibitor of APOL1 activity, VX-
147, in cases of APOLI-associated FSGS (23).

Maze Therapeutics is developing an APOL1 inhibitor
program for the treatment of chronic kidney disease
(24,25). A phase Ila clinical trial of inaxaplin, an APOL1
inhibitor, has shown promising results in reducing
proteinuria in cases with APOLI1-mediated FSGS (26).
This study showed that inaxaplin significantly reduced
proteinuria, demonstrating a mean reduction of 47.6%
from baseline at week 13. This finding suggests that
inhibiting APOL1 may help mitigate kidney damage
associated with these variants (26).

Individuals with APOL1-associated kidney disease have
the opportunity to participate in a clinical trial for potential
cures conducted by Duke Clinical Research Study (27,28).

These ongoing clinical trials aim to assess the
effectiveness, safety, and pharmacokinetics of potential
therapies for APOL1-associated kidney disease.

Clinical implications in pediatrics

Children with high-risk APOL1 genotypes often present
with kidney disease at an older age compared to those
with non-APOLI causes. However, the disease tends to
progress more aggressively, leading to lower estimated
glomerular filtration rates (eGFR) at diagnosis and
rapid annual declines in kidney function (29,30). This
disease is particularly prevalent among children with
conditions such as sickle cell disease, since increased rates
of albuminuria and lower eGFR have been observed in
this group. Meanwhile, children with HIV and APOLL1
high-risk genotypes show significantly elevated risks for
proteinuric kidney disease (1,30,31). Diagnosis of APOLI-
mediated kidney disease is typically established when
a child with a high-risk genotype develops nondiabetic
kidney disease. Genetic testing can confirm the presence
of APOLI variants, which is essential for understanding
individual risk profiles (32,33).

Treatment options for APOL1-associated nephropathy
Currently, there are no approved treatments designed to
directly target the underlying cause of APOL1-associated
kidney disease. However, ongoing research efforts and
potential treatment options are under investigation.
APOLI1 inhibitors are small molecule inhibitors, and
antisense oligonucleotides that target APOL1 are being

APOL1-associated nephropathy

investigated as potential therapies for APOL1-associated
kidney disease. These inhibitors aim to reduce the
expression or activity of APOLI, potentially mitigating
the cytotoxicity and damage caused by APOLI risk
variants (22,34). In some cases, high-dose steroids may
be used for a short period to manage symptoms and
reduce inflammation in APOL1-associated kidney disease
(1,8,30). These treatment options are still in the early stages
of development and clinical trials and further research is
needed to determine their efficacy, safety, and long-term
effects. Meanwhile, innovative therapies targeting APOL1
mRNA and small molecules that inhibit its function
are undergoing clinical trials. These approaches aim to
reduce APOLI1-related kidney injury and hold promise for
patients at high genetic risk (35). Other risk factors such
as hypertension, diabetes, and viral infections is also vital
for the overall management of APOLI1-associated renal
disorders (8).

Conclusion

APOL1-associated nephropathy is a significant health
challenge that requires ongoing research endeavors to
enhance its diagnosis, management, and outcomes.
While there are currently no known treatment specific to
APOLI- related renal disease, emerging therapeutics like
APOLLI inhibitors and antisense oligonucleotides provide
hope for the future.
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