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Histopathologic findings associated with
APOLT1 risk variants in chronic kidney

disease
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The effects of nephropathy risk variants in the apolipoprotein L1 gene (APOLT1) on renal histopathology in
African Americans with arterionephrosclerosis or putative ‘hypertension-associated’ nephropathy are
unknown. APOL1 genotype—phenotype correlations were performed in a blinded manner from renal biopsies
in 196 self-reported African Americans with arterionephrosclerosis on kidney biopsy at a large national
nephropathology practice. Subjects had chronic kidney disease without nephrotic syndrome. A discovery
analysis compared histopathologic changes in the glomerular and tubulointerstitial compartments in 58
subjects with 2 versus 56 subjects with 0 APOL1 risk variants. Validation was performed in biopsies from 82
additional subjects with 0, 1, and 2 risk variants. Two risk variant versus zero risk variant group genotype
associations and subphenotypes were assessed by ;2 analyses. ANOVA compared means of continuous
variables. In discovery analyses, significantly less obsolescent glomerulosclerosis, more (solidified and
disappearing) glomerulosclerosis, more thyroidization-type tubular atrophy, and more microcystic tubular
dilatation were seen in patients with two versus zero APOL1 risk alleles. Greater degrees of arteriosclerosis
were present in those with zero risk alleles. Segmental glomerulosclerosis did not differ significantly between
groups. Presence of two of the following discriminatory histopathologic findings from discovery, that is, <50%
obsolescent glomerulosclerosis, thyroidization-type tubular atrophy, and microcystic tubular dilatation, was
specific for the presence of two APOL1 risk alleles in the validation phase. African Americans with
arterionephrosclerosis who possess two APOL1 risk variants more often lack obsolescent glomerulosclerosis
and have greater degrees of (solidified and disappearing) glomerulosclerosis, thyroidization-type tubular
atrophy, and microcystic tubular dilation than patients with fewer than two risk variants. These findings support
involvement of multiple cell types in subnephrotic forms of APOL1-associated nephropathy, particularly renal

tubule cells with resultant tubulointerstitial disease.
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Compared with populations who lack recent African
ancestry, African Americans have higher incidence
rates of chronic kidney disease (CKD).! Two coding
risk variants in the apolipoprotein L1 gene (APOL1),
termed G1 and G2, are responsible for much of
the increased incidence of progressive, nondiabetic
kidney disease in African Americans relative to
European Americans (EAs).?3® The spectrum of
APOL1-associated kidney disease includes focal
segmental glomerulosclerosis, nondiabetic end-stage
kidney disease often attributed to systemic hyper-
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tension, collapsing glomerulopathy in the settings of
systemic lupus erythematosus®® and HIV,® and sickle
cell nephropathy.” The pathogenic mechanisms
by which these risk variants produce disease are
unknown. Discovery is complicated by the lack of
animal models of disease, as the APOL1 gene is
limited to humans and a few higher level primates.?
Therefore, careful renal histologic observations in
patients with clinical nephropathy are imperative.
CKD has traditionally been attributed to ‘hyper-
tensive nephrosclerosis’ when the clinical history
includes hypertension and slowly progressive
renal failure without other comorbid illnesses.?19
The African American Study of Kidney Disease and
Hypertension (AASK) demonstrated that APOLZ risk
variants were strongly associated with hypertension-
attributed CKD in a recessive model with an odds
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ratio of 2.57; however, only 23% of AASK partici-
pants possessed 2 APOL1 risk variants; thus, cases
with non-APOL1-mediated arteriolar nephro-
sclerosis were included in the study.!! Tt is
unknown whether APOLI-associated CKD has
unique histopathology compared with ordinary
(non-APOL1-mediated) forms of hypertensive nephro-
sclerosis.’? Only one study has compared the
morphologic findings in African Americans and
EAs with putative hypertensive nephrosclerosis;
this study showed an increase in the solidified
pattern of glomerulosclerosis in African-American
kidney biopsies.’®> However, the study failed to
account for APOL1 risk alleles in the African-
American population as it was performed before
discovery of APOL1-associated nephropathy in 2010.
Therefore, we performed an APOL1 genotype—
phenotype correlation in kidney biopsies from
African Americans who had hypertension-attributed
CKD without the nephrotic syndrome.

Materials and methods
Participant Inclusion Criteria

All  kidney biopsies in self-reported African
Americans who had a clinical diagnosis of CKD
stage >3 (estimated glomerular filtration rate (eGFR)
<60ml/min per 1.73 m? for at least 3 months) with
a diagnosis of arterionephrosclerosis made at
Nephropath between 2010 and 2012 were identified.
The diagnosis of arterionephrosclerosis was based
on clinicopathologic findings including a history of
hypertension and progressive renal failure without
other comorbid illnesses as well as nonspecific
chronic injury changes on kidney biopsy including
arteriosclerosis. Figure 1 includes a flow diagram
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displaying case selection for discovery and valida-
tion analyses. Genotyping of single-nucleotide poly-
morphisms (SNPs) in APOL1 was performed if
at least eight glomeruli were present for light micro-
scopic evaluation. Patients were excluded if they
had nephrotic syndrome (24 h urine protein >3.5¢g
per day, hypoalbuminemia (<3.5g/dl), and peri-
pheral edema) as it was suggestive of primary focal
segmental glomerulosclerosis and podocytopathy, a
history of diabetes mellitus, or any systemic
diseases associated with CKD except for systemic
hypertension. Cases with proteinuria >3.5g per day
were not excluded in the absence of the nephrotic
syndrome. This study was approved by the
Institutional Review Boards of the University of
Arkansas for Medical Sciences.

Genotyping

DNA from frozen kidney tissue was genotyped
for APOL1 risk alleles using TagMan assays.*
The G15342G  (rs73885319) and G2 insertion/
deletion (rs71785313) were typed to assess kidney
disease risk. Genome-wide ancestry informative
markers were not genotyped as they have not
significantly altered association results beyond G1
and G2 in prior reports.®

Study Design and Histologic Grading of Renal Biopsies

The discovery analysis was performed in biopsies
from individuals who had either two or zero APOL1
risk alleles. This analysis was designed to provide
maximum discrimination between the effects of
APOL1 risk variants on renal histology. A subse-
quent validation analysis was performed by four

136 with 0 or 2 risk
alleles included in
discovery phase

114 with greater than
8 glomeruli available
for evaluation

88 with 0, 1, or 2 risk
alleles included in
validation phase

82 with greater than 8
glomeruli available for
evaluation

Figure 1 Flow diagram for case selection during the discovery and validation phases.
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nephropathologists on biopsies from individuals
with two, one, or no APOLI1 risk variants. This
analysis included individuals with a single risk
variant to assess whether their histology differed
from those with zero or two risk variants. Patho-
logists were blinded to the APOL1 genotype during
morphologic evaluation.

Globally sclerotic glomeruli were characterized
as obsolescent, solidified, or disappearing, as pre-
viously reported.'® Sclerotic glomeruli were consi-
dered obsolescent when the sclerotic glomerular tuft
was retracted with accumulation of fibrous matrix
replacing Bowman'’s space (Figure 2). The solidified
pattern of glomerulosclerosis reflected a solidified
sclerotic tuft without retraction and without a
fibrous matrix surrounding the tuft. The disappear-
ing pattern of glomerulosclerosis is characterized
by partial or complete disappearance of Bowman'’s
capsule with the sclerotic glomerular tuft beginning
to blend with the background fibrosis. The disap-
pearing form of glomerulosclerosis frequently has
inflammatory cells infiltrating the sclerotic tuft.
Cases with segmental glomerulosclerosis were clas-
sified according to the Columbia classification.*

Tubular atrophy was scored as: none (0) when
<10% of the renal cortex tubules were atrophic,
mild (1) when 10-25% of the cortical tubules were
atrophic, moderate (2) when 26-50% of the cortical
tubules were atrophic, and severe (3) when >50% of
the cortical tubules were atrophic. Tubular atrophy
was further characterized into three types including
classic-type, endocrine-type, and thyroidization-
type tubular atrophy (Figure 2). The degree of each
type of atrophy was scored using the same criteria
used for total atrophy. Therefore, the total score of
the tubular atrophy subtypes always equaled the
total tubular atrophy score. Classic tubular atrophy
was used when the atrophic tubules had thickened,
wrinkled, and sometimes lamellated basement mem-
branes with a simplified epithelium. Thyroidization-
type tubular atrophy was scored when the tubular
epithelium was flattened and the tubular lumen
contained a rounded hyaline protein cast. Endo-
crine-type tubular atrophy was scored when the
atrophic tubule was small with narrow or absent
lumen and clear regular epithelial cells.’> Micro-
cystic tubular dilatation was defined as dilatation of
a tubular lumen to at least three times the diameter of
a normal tubular profile with a large intraluminal
PAS-positive hyaline cast.

Definitions for degree of interstitial fibrosis,
tubular atrophy, interstitial inflammation, tubulitis,
mesangial expansion, endocapillary hypercellular-
ity, arteriolar hyalinosis, arterial intimal fibrosis,
and glomerular basement membrane duplication
were scored according to the definitions provided
in the Banff working classification.’® Degree of
glomerular basement membrane thickening was
scored as: 0, within 1 s.d. of mean; 1, >1 and <2
s.d. of mean; 2, >2 and <3 s.d. of mean; 3, >3 s.d.
above mean. Degree of foot process effacement was
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scored based on a visual estimate as follows: 0,
effacement involving <10% of glomerular basement
membrane surface area; 1, effacement involving
10-30% of glomerular basement membrane surface
area; 2, effacement involving 30-60% of glomerular
basement membrane surface area; 3, effacement
involving >60% of glomerular basement membrane
surface area. The presence of glomerulomegaly was
determined based on light microscopic inspection
of glomeruli in each sample cut at or near the hilum.

Statistical Analyses

Cases with two APOLT1 risk variants versus controls
with zero APOL1 risk variants had subphenotypes
assessed by 2 analyses. ANOVA was used to com-
pare means of continuous variables. The Mann—
Whitney test was used to compare ordinal data. We
considered nominal P-values of <0.05 as significant
for all tests.

Results

Regardless of genotype, kidney biopsies in all
subjects revealed nonspecific chronic tubulointer-
stitial injury and arteriosclerosis that historically
would have been considered consistent with arterio-
nephrosclerosis. The morphologic analyses were
divided into two stages. A discovery phase included
114 biopsies including 58 biopsies with 2 risk
alleles and 56 biopsies with 0 risk alleles. Electron
microscopy was evaluated in this phase comparing
42 patients in the 0 risk allele group with those seen
in 44 patients with 2 risk alleles. The validation
phase consisted of 82 cases including 23 with 0 risk
alleles, 25 with 1 risk allele, and 34 with 2 risk
alleles.

The results of the morphologic evaluation carried
out in the discovery phase are listed in Table 1.
Focal segmental glomerulosclerosis lesions were
very common with no significant difference between
the two genotype groups. There were 44 (79%) cases
with 0 risk alleles who had focal segmental
glomerulosclerosis lesions compared with 43
(74%) with 2 risk alleles. The most common variant
of focal segmental glomerulosclerosis was not
otherwise specified (39/44 with 0 risk alleles and
41/43 with 2 risk alleles), followed by the perihilar
variant (5/44 with 0 risk alleles and 2/43 with 2 risk
alleles). There were no cases of cellular, collapsing,
or tip variant. There were no cases in either
genotype group with endocapillary proliferation or
crescent formation. There was no significant differ-
ence in the degree of glomerular basement mem-
brane thickening by electron microscopy in the two
groups and no cases with glomerular basement
membrane thinning were present in either group.

Following the discovery phase, the morphologic
findings that were most significantly associated
with the presence of APOL1 risk alleles were
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Figure 2 Renal biopsy findings in African Americans with hypertension, nephrosclerosis, and stage >3 CKD. (a) Tubules with classic-
type tubular atrophy show thickened and wrinkled basement membranes with occasional basement membrane lamellation (periodic
acid—Schiff, original magnification x 400). (b) Tubules with thyroidization-type atrophy have a luminal hyaline cast surrounded by
simplified epithelium (periodic acid—Schiff, original magnification x 200). (¢) Endocrine-type tubular atrophy with narrow or no tubular
lumen, clear cytoplasm, and thin basement membranes (periodic acid—Schiff, original magnification x 400). (d) Glomerulus showing
ischemic obsolescence with contracted sclerotic tuft and surrounding fibrosis in Bowman’s space surrounded by intact Bowman’s
capsule (periodic acid—Schiff, original magnification x400). (e) Disappearing pattern of glomerulosclerosis with complete
disappearance of Bowman’s capsule and the sclerotic glomerular tuft beginning to blend with background fibrosis (periodic acid—
Schiff, original magnification x 400). (f) Solidified glomerulosclerosis in which the sclerotic tuft is not contracted and fills Bowman’s
space (periodic acid—Schiff, original magnification x 400).
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Table 1 Renal biopsy findings in the discovery phase

Morphologic finding 0 APOLL1 risk alleles 2 APOLL1 risk alleles P-value

Patients (N) 56 58

Mean age, years (range) 56 (28—84) 7 (21-81) 0.001

Mean glomeruli (range) 19.2 (8—48) 15.8 (8-50)

Mean global GS, no.+s.d. (mean % GS) 9.4+7.6 (49%) 9.7+6.3 (61%) 0.04
Mean obsolescent GS 5.316.5 (56%) 3.0+4.3 (31%) 0.001
Mean solidified GS 2.3%5.0 (25%) 3.4+4.1 (35%) 0.05
Mean disappearing GS 1.8+2.7 (19%) 3. 3 +3.6 (34%) 0.05

Cases with solidified + disappearing predominant GS 22 (39%) 2 (72%) 0.001

Cases with segmental GS 44 (79%) 43 (74%) 0.7

Cases with mesangial expansion 8 (14%) 3 (5%) 0.2

Cases with GBM duplication 1 (2%) 1 (2%) 0.9

Cases with glomerulomegaly 33 (59%) 36 (62%) 0.9

Mean degree of GBM thickening 1.1+1.2 0.9+0.7 0.4

Cases with GBM thickening 26/44 (59%) 29/43 (67%) 0.6

Mean degree of foot process effacement 1.3+1.1 0.9%0.9 0.07

Cases with severe foot process effacement 8/44 (18%) 2/43 (5%) 0.10

Mean degree of interstitial fibrosis 2.310.8 2.7+0.5 0.02

Mean degree of TA 2.3%0.8 2.7%0.5 0.02
Mean degree of thyroidization TA 0.410.6 0.9+1.0 0.03
Mean degree of endocrine TA 0.2+0.4 0.2+0.4 0.9
Mean degree of classic TA 1.8+0.9 1.6+0.9 0.3

Cases with thyroidization-dominant TA 8 (14%) 2 (38%) 0.008

Cases with microcystic tubular dilatation 4 (7%) 18 (31%) 0.003

Mean degree of intact interstitial inflammation 0.2+0.5 0.3+0.5 0.3

Mean degree of fibrotic interstitial inflammation 1.31£0.7 1.710.8 0.02

Cases with tubulitis 3 (5%) 8 (14%) 0.1

Mean degree of arterial intimal fibrosis 2.4%0.8 2.1£0.9 0.06

Cases with severe arteriosclerosis 32 (57%) 21 (36%) 0.04

Mean degree of arteriolar hyalinosis 1.5+1.2 1.0+ 1.0 0.04

Cases with severe arteriolar hyalinosis 15 (27%) 5 (9%) 0.02

Abbreviations: GBM, glomerular basement membrane; TA, tubular atrophy; GS, glomerulosclerosis.

Table 2 Renal biopsy findings in the validation phase

Morphologic finding 0 APOL1 RA 1 APOL1 RA 2 APOL1 RA P(2vs0/1) P(1vs0) P (2vs1)

No. of patients 23 25 34

Mean age (range) 5 (33-88) 52 (28-91) 48 (15-73) 0.1 0.5 0.3

Solidified + disappearing predominant GS 5 (22%) (36%) 20 (59%) 0.01 0.4 0.1

Cases with segmental glomerulosclerosis 7 (30%) (52%) 1 (62%) 0.1 0.2 0.6

Cases with severe tubular atrophy 9 (39%) (40%) 4 (71%) 0.01 0.8 0.04

Cases with thyroidization-dominant TA (4%] (16%) 8 (24%) 0.2 0.3 0.5

Cases with microcystic tubular dilatation (9%) (24%) 13 (38%) 0.05 0.3 0.4

Cases with severe arteriosclerosis 17 (74%) (60%) 19 (56%) 0.4 0.5 0.9

Cases with severe arteriolar hyalinosis 6 (26%) (24%) 9 (26%) 0.9 0.9 0.9

Abbreviations: RA, risk allele; GS, glomerulosclerosis; TA, tubular atrophy.

evaluated in a validation set of consecutive biopsies
from African-American patients who met the inclu-
sion criteria. There were 82 cases in this validation
phase including 23 with 0 risk alleles, 25 with 1 risk
allele, and 34 with 2 risk alleles. Results of this
analysis are listed in Table 2.

The three morphologic features most strongly
associated with two APOL1 risk alleles in discovery
were evaluated in validation samples to test the
sensitivity and specificity of the findings for APOL1-
associated kidney disease in African Americans
with CKD. Morphologic findings selected for inclu-

sion in the scoring system were <50% globally
sclerotic glomeruli of the obsolescent type, >1 focus
of microcystic tubular dilatation, and >50% of total
tubular atrophy of thyroidization type. Applying
these three criteria to the discovery phase, the
presence of at least two criteria had a sensitivity of
43% and a specificity of 92% for presence of two
APOL1 risk variants. These morphologic features
were scored by four renal pathologists with experi-
ence ranging from beginner (<1 year of experience)
to highly experienced (>30 years of experience) in
the validation phase. In this phase, the presence of
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Table 3 Renal biopsy findings in the combined discovery and validation samples

Morphologic finding 0 APOL1 RA 1 APOL1 RA 2 APOL1 RA P (2vs0/1) P (1vso0) P(2vs1)
No. of patients 79 25 92

Mean age (range) (15 84) 52 (28-91) (33 88) <0.001 0.4 0.1
Serum Cr mean, mg/dl (N) 8 (61) 3.6 (22) 3 (64) 0.3 0.7 0.4
24 h proteinuria, mean g/day (NN) 1 (30) 2.4 (11) 9 (40) 0.1 0.4 0.1
Solidified + disappearing predominant GS 27 (34%) 9 (36%) 62 (67%) 0.01 0.3 0.01
Cases with segmental glomerulosclerosis 51 (65%) 13 (52%) 64 (70%) 0.3 0.4 0.2
Cases with severe tubular atrophy 36 (46%) 10 (40%) 64 (70%) 0.001 0.8 0.01
Cases with thyroidization-dominant TA 9 (11%) 4 (16%) 30 (33%) 0.001 0.8 0.2
Cases with microcystic tubular dilatation 6 (8%) 6 (24%) 31 (34%) <0.001 0.06 0.5
Cases with severe arteriosclerosis 49 (62%) 15 (60%) 40 (43%) 0.1 0.9 0.2
Cases with severe arteriolar hyalinosis 21 (27%) 6 (24%) 14 (15%) 0.1 0.9 0.5

Abbreviations: RA, risk allele; GS, glomerulosclerosis; TA, tubular atrophy; N, number of patients with data available.

two of these three had a mean sensitivity among the
four pathologists of 36% and specificity of 86% for
presence of two APOL1 risk variants. Interobserver
agreement among the renal pathologists was good
for identifying cases with two risk variants (at least
two of these histologic criteria) with a x of 0.71.
The discovery and validation cohorts were com-
bined for a final analysis with all cases (Table 3).
Serum creatinine concentrations and degree of
proteinuria (where available) were included in this
analysis and reflect fairly advanced kidney disease.
The results of the combined analysis are similar to
the two independent analyses. No significant differ-
ences were seen in the serum creatinine or degree of
proteinuria between the risk allele groups.

Discussion

As in the AASK, morphologic findings in kidney
biopsies from hypertensive, nondiabetic African
Americans with CKD who lack nephrotic syndrome
are generally nonspecific.'” These injury patterns
represent final common pathways for multiple
forms of renal disease. Kidney biopsies with these
findings are commonly diagnosed as ‘hypertensive’
or arteriolar nephrosclerosis in the absence of
systemic diseases other than hypertension that asso-
ciate with nephropathy. Many such cases of
hypertension-attributed kidney disease in African
Americans are now known to be manifestations of
APOL1-associated nephropathy.'>'® The present
analyses are the first to assess whether there are
histopathologic findings in these renal biopsies that
more frequently associate with APOL1 risk alleles.
Solidified and disappearing glomerulosclerosis,
mean degrees of interstitial fibrosis, tubular
atrophy (specifically thyroidization-type tubular
atrophy), and percentage of cases with microcystic
tubular dilatation were all significantly greater in
subjects with two APOL1 risk variants, relative to
those with zero. In contrast, obsolescent glomerulo-
sclerosis and greater degrees of arteriosclerosis were
present significantly more often in those without
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risk APOL1 variants. These results extend observa-
tions by Marcantoni et al*® regarding the different
renal histology in African Americans and EAs
diagnosed with arteriosclerosis. In retrospect,
population ancestry-based differences in many
African-American subjects from that report are
likely related to APOL1 risk variants; variants that
are virtually absent in EAs. In fact, our
report suggests that the renal histology in African
Americans lacking two APOL1 risk variants is quite
similar to EAs from the report of Marcantoni et al.'®
Microcystic tubular dilatation was pronounced in
subjects with two APOL1 risk variants in the present
report. It is noteworthy that microcystic tubular
dilation is increased in almost all forms of APOL1-
associated kidney disease, including HIV-associated
nephropathy,'? lupus-associated collapsing glomerulo-
pathy,* and now CKD with arterionephrosclerosis.
Even when dilatation of the tubular lumens was
absent, there was often a marked increase in the
presence of tubular casts in APOL1 two risk variant
disease in the form of thyroidization-type tubular
atrophy. Though once thought to be specific for
chronic pyelonephritis,2® hyaline casts are now
known to be common in areas of chronicity of all
types. They are thought to be an amalgam of various
filtered proteins with Tamm-Horsfall protein.?!
However, detailed studies have not been perfor-
med to determine the exact composition of these
casts. As such, it is not known if the compositions of
casts in patients with APOL1 risk alleles are unique.
These morphologic findings support a major role
for renal tubule cell injury in the pathogenesis of
several forms of APOL1-associated nephropathy.
APOL1 message and protein are expressed in
arteriolar endothelial cells in normal kidneys.??
However, the staining distribution may vary in
patients with focal segmental glomerulosclerosis
or HIV-associated nephropathy such that there is
marked increased in APOL1 staining in the vessel
walls rather than the vascular endothelium.?? These
findings have raised speculation that APOL1 risk
variants might have a pathogenic role in promot-
ing arteriosclerosis.'> In addition, the fact that



medium-sized HDL subclass concentrations decrease
for each additional APOL1 risk variant may support a
vasculocentric pathogenesis for APOLI1-mediated
kidney disease.?? Decreases in medium-sized HDL
particle concentrations have been shown to contri-
bute to coronary artery disease and could have a
similar effect on the renal microvasculature.?* If
APOL1 risk variants lead to microvascular altera-
tions that in turn lead to hypertension and renal
failure, one would expect to see severe arterio-
sclerosis in these cases. However, we show that the
majority of the APOL1 cases did not have severe
vascular changes. In fact, there was a trend toward
less arteriosclerosis in cases with two risk alleles.
In addition, glomerular obsolescence, the pattern
of glomerular sclerosis resulting from reduced
glomerular perfusion caused by arteriosclerosis of
the small arteries in the kidney,?® is significantly
decreased in the two risk allele group compared
with those with no risk alleles. Given these findings,
vascular abnormalities may not be the pathogenic
drivers of APOL1-related CKD in those with low-level
proteinuria.

The most aggressive form of APOL1-related
nephropathy is collapsing glomerulopathy. This
form of glomerulopathy has been classified as a
podocytopathy in which injury to the podocyte is
the primary mechanism of renal disease. Heavy
proteinuria is often present. Similarly, primary focal
segmental glomerulosclerosis, which also resides
in the APOL1 disease spectrum, is considered by
many to be driven by podocyte injury. We sought to
remove cases of primary focal segmental glomerulo-
sclerosis from this study by eliminating cases with
nephrotic syndrome. Although podocytopathy might
play a role in the collapsing and focal segmental
glomerulosclerosis varieties of APOL1 disease, the
findings in this study do not support the concept
that ongoing podocyte injury plays a significant role
in hypertension-attributed CKD associated with
APOL1. Epithelial foot process effacement, consid-
ered to be morphologic evidence of podocyte injury,
was less prominent in the patients with two risk
alleles than in the patients with no risk alleles. In
addition, there was no significant difference be-
tween the degrees of focal segmental glomerulo-
sclerosis in cases with two, one, or zero risk alleles.
However, it should be pointed out that the degree of
segmental sclerosis was significantly higher in the
zero risk allele group in the discovery phase rela-
tive to the validation phase. The reasons for this
discrepancy are uncertain. One possible explanation
is that less chronicity was present in the no risk
allele group in the validation phase compared with
that in the discovery phase. These morphologic
findings suggest that podocytes may not be the
primary cells involved in APOL1-associated CKD
with low-level proteinuria; however, this cannot be
concluded solely based on morphology.

Finally, we sought to provide a means by
which renal pathologists could differentiate
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APOL1-associated CKD from arterionephrosclerosis
in hypertensive, nondiabetic African-American sub-
jects. We have shown that the presence of two out
of three possible histopathologic findings accom-
plishes the goal of being highly specific for identify-
ing patients with APOL1 risk alleles; it is also very
reproducible from beginner to highly experienced
pathologists. The sensitivity for identifying patients
with APOL1 risk alleles among patients with CKD is
quite low. However, this is not surprising and does
not necessarily indicate low sensitivity for APOL1
disease. It is well known that most patients with
APOL1 risk alleles do not develop nephropathy.26
As there is a low risk for CKD in those with two
APOL1 risk alleles (potentially requiring a second
hit for progression of disease), it is likely that many
patients with two risk alleles but without a second
hit have renal disease that is pathogenically similar
to patients without risk alleles. In these cases,
we would expect the morphologic findings to
correspond more closely to the no risk allele group
despite presence of risk alleles. However, we cannot
exclude the possibility that many more patients
have APOL1-associated CKD than we are detecting
with this system because of the insensitivity of the
morphologic findings. The scoring system was
designed and validated to evaluate African-
American patients with CKD and biopsy findings
otherwise considered diagnostic of arterionephro-
sclerosis. The specificity seen in this setting might
not be present in other clinicopathologic scenarios.
This study has several strengths and also limita-
tions. A relatively large number of biopsies were
analyzed. However, detailed clinical data were not
always available as the samples were collected by a
pathology practice. Variable information is often
provided by referring clinicians. In addition, geno-
typing for ancestry informative markers was not
performed as adjustment for these markers have not
markedly affected results in other reports of APOL1-
associated kidney disease. The patients with two
APOLT1 risk alleles tended to be younger than those
with less than two risk alleles. Consequently, we
cannot exclude the possibility that some of the
changes identified are age related and APOL1 is
serving as a nephropathy progression factor. Finally,
relatively few subjects with one risk variant were
analyzed as the discovery phase compared two risk
variants with none to maximize the chance to
identify unique histologic alterations in those
with two variants. The validation phase included
subjects with one risk variant. APOL1-associated
nephropathy is inherited in an autosomal recessive
manner and no major histologic differences were
seen between those with zero or one risk variant.
We present the first detailed morphologic inves-
tigation of the histopathology of APOL1-associated
CKD. This study demonstrates higher frequencies
of solidified and disappearing glomerulosclerosis,
higher mean degrees of interstitial fibrosis, tubular
atrophy specifically of the thyroidization type, and
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higher percentage of cases with microcystic tubular
dilatation in African Americans with two APOL1
risk variants. In those without risk APOL1 variants,
obsolescent glomerulosclerosis and greater degrees
of arteriosclerosis were more often present.
The histopathologic changes in APOL1-associated
nephropathy were present in every compartment of
the kidney. A simple scoring system may make it
possible to identify cases suspicious for APOL1 risk
alleles based on kidney biopsy findings. Although
many of these morphologic changes are nonspecific,
when they are present together they have a high
specificity for APOL1-associated kidney disease in
African Americans with hypertension and CKD.
These biopsy findings may prompt clinicians to
genotype African-American patients for presence of
two APOL1 G1 and G2 risk variants. This would
signify high risk for progression of nephropathy and
may prove to be important in the selection of living
related kidney donors from their families.8
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