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Abstract

Introduction: Familial kidney disease is common in Cyprus
and previous studies have found that the majority of
families have mutations in Alport syndrome genes
COL4A3/4/5. We have collected data from over 50 Turkish
Cypriot families in whom kidney disease appears to follow
an autosomal dominant pattern, and looked for patho-
logical variants in these genes. Methods: Probands from
55 families underwent massive parallel DNA sequencing
using a glomerular gene panel for familial hematuria, and
whole-exome sequencing (WES) was also performed in 22
of them. Clinical records were reviewed. Results: Likely
pathogenic variants were identified in 7 of the 55 families
(COL4A3 [3], COL4A4 [2], and COL4A5 [2]), leaving 48
unsolved families. Among the latter a common missense
variant of uncertain significance (COL4A4:p.G545A), was

present in 5 families (9.1%). In contrast to families with a
pathogenic variant in COL4A3/4 and a clear glomerular
phenotype the 5 families (54 patients with clinical and
genetic data), manifested near dominant susceptibility
with incomplete penetrance, presenting with hyperten-
sion, variable and intermittent microscopic hematuria,
and minimal proteinuria, <1 g/day until the estimated
glomerular filtration rate (eGFR) fell below 30 mL/min,
after which it increased in some individuals. Of those over
age 50, 20% had reached end-stage by median age of 66
(48-80) years. Conclusions: We describe a kidney disease
with mild hypertension that is more characteristic of a
tubulointerstitial disease and phenocopies hypertensive
nephropathy. While the variant COL4A4:p.G545A is not
responsible for a Mendelian CKD phenotype, it appears to
increases the susceptibility, acting as a hypomorphic
variant contributing to Alport spectrum nephropathy.
Early detection and treatment with ACE inhibitors should
prolong kidney survival to an age where hemodialysis is

avoided. © 2025 The Author(s).
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Introduction

The Eastern Mediterranean has the highest incidence
of kidney failure, as reported to the European Renal
Association (ERA-EDTA) by Greece, Israel, and Greek
Cypriots [1]. We have previously reported a high inci-
dence of renal failure and familial kidney disease in
northern Cyprus among Turkish Cypriots, where the
incidence was 2-3 times greater than that reported in
northwestern Europe by the UK, Norway, Finland, and
Denmark [2].

Our investigation of Greek Cypriots with familial
kidney disease has shown that the majority of patients
have either hematuric nephropathy, often accompanied
by significant proteinuria (termed here the “glomerular
phenotype”), associated with heterozygosity for patho-
genic rare variants within the COL4A3, COL4A4, or
CFHR5 genes [3-6], or a tubulointerstitial phenotype
(that is, CKD in the absence of hematuria or glomerular
proteinuria) typically associated with pathogenic rare
variants in the PKDI, PKD2, MUCI, or UMOD genes [7].
We investigated 55 Turkish Cypriot families with evi-
dence of CKD in at least two generations in whom we
suspected pathogenic variants in COL4A3 and COL4A4.

Methods

Study Population

Cyprus is the third largest island in the Mediterranean
inhabited by a majority of Greek Cypriot population, with
the largest minority (approximately 18%) Turkish Cyp-
riot. Genetic studies indicate that Greek and Turkish
Cypriots have similar origins with close affinities to
southeastern Anatolia and the Near East [8-10]. Turkish
Cypriots are currently centered on the northern part of
Cyprus. A 2006 census of the Turkish Cypriot population
revealed that of 178,031 de jure citizens, 120,007 were
born to parents who were both born in Cyprus [11].

Families

The study was conducted at Dr. Burhan Nalbantoglu
Nicosia State Hospital in northern Cyprus, a multi-
specialty tertiary care hospital that provides renal services
to all of northern Cyprus. Family trees were created for
families with 2 or more members with evidence of CKD
[12] (shown in Figure la-e). Families were contacted and
were either visited in their villages or at the hospital. The
requirement for the use of family names (surnames) was
introduced only in 1974. Families of 10 children were
common until the 1970s.
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DNA Isolation and PCR-RFLP

DNA extractions were carried out using the Pure-
LinkTM Genomic DNA Mini Kit (Invitrogen, Carlsbad,
CA, USA) according to the manufacturer’s procedure. All
DNA samples were quantified using a Qubit 2.0 fluo-
rometer (Invitrogen, Thermo Fisher Scientific) and a
Qubit dsDNA HS Assay Kit (Invitrogen, Carlsbad,
CA, USA).

The index patients from a total of 55 families un-
derwent NGS, which included parallel analysis of a 5-gene
panel containing COL4A3, COL4A4, COL4A5, CFHRS,
and FN1 as previously described [6]. Twenty-two patients
had previously undergone whole-exome sequencing
(WES). WES analysis was performed as we previously
described [13]. See Supplementary material (for all online
suppl. material, see https://doi.org/10.1159/000546094)
for PCR methodology (and online suppl. Fig. S1).

Clinical Investigations

The upper limit of normal for creatinine in men was
97 umol/L, for women 80 pumol/L, and for blood urea
nitrogen 7.1 mmol/L. Kidney function (eGFR) was re-
ported by the MDRD formula.

Proteinuria was initially measured by 24-h urine col-
lection, and a normal status was defined as a protein
concentration <140 mg/day and an albumin concentration
<30 mg/day. More recently, proteinuria has also been
measured as the protein and albumin/creatinine ratio
(Uacr <30 mg/mg and Upcr <200 mg/mg).

Hematuria was investigated historically by urine mi-
croscopy and more recently by urine dipstick tests.
Hematuria was deemed positive and equivalent to “a
trace” on a dipstick if there were 3-4 red blood cells per
high-power field.

Kidney biopsies were performed in two families. Bi-
opsy specimens were routinely examined by light mi-
croscopy and immunofluorescence, and in 1 case electron
microscopy data were available.

CKD staging as shown in the family trees (Fig. la-e:
stage 0, no evidence of kidney disease; stage 1, eGFR>90
and microscopic hematuria; stage 2, eGFR 60-89 mL/
min, microscopic hematuria, and/or Uacr >30 mg/mg;
stage 3, eGFR in the range of 59-30 mL/min; stage 4,
eGFR 29-15; and stage 5, kidney failure. The diagnostic
criteria were based on KDIGO guidelines [12].

Study Groups Investigated

After we observed the COL4A4 p.G545A variant in our
sequencing results, we tested 54 members of our 5
families. We also tested at least 1 member from 85
families with some evidence of a glomerular phenotype

Ozdemir et al.


https://doi.org/10.1159/000546094
https://doi.org/10.1159/000546094

(-a8vd 1xau uo panuiuod ainsig)

EL-NI LA LL-NI OL-Al 60-AI

9L-A SL-AI YL-Al
raxoﬂ caxoﬂ oaxoﬂ —Dmew wn_xumw pmxoﬁv
SL- L=

Sa

caxo@ MO

€Ll ANl L= oL-li 60-111 L0-111 90-111

oav_oﬂ caxoﬁv conﬁv mmxuﬂ mnxuﬂ

L0711 90-11

LaNY’ +OND

So-1

cmxu*

[{eple]

80-Al €0-AI 20-AI Lo-AI

9L-Al GL-AI 71-Al EL-AI ZL-Al LL-AI 0L-AI 60-Al 80-Al LO-Al 90-Al S0-Al 70-Al €0-AI 20-Al L0-Al

¢aMa 0a¢2 ¢aMa ooxo* ooxuﬁw omxo* Exo* Naxu* oaxo* moxo* Exomu Exo_||_|_ maxo* oaxu*
[Nl L=t oL-1N 60-111 801l L0-11l 70-1l €0-11l 20-11l Lo-1n

£€aM0 €010

€0-1l ¢0-1l Lo-1l
7ax9 +aMO
201 101
M9 {0
9Nl SL-Al 7L-Al EL-AI ZI-N LAl 0L-Al 60-AI 80-Al LO-NI 90-AI S0-AI 70-Nl €0-AI 20-AI 10N B
qumv Exuﬂ qu* 864 Exu_”ﬁ on_xu_”_- Exu_”_- qu_u_- qu_uﬁ Nnxu* quﬂ Sxomv 55* Bxuﬂ qu* Exo_u_-
Lol 8Ll Li-m 9L-ll sL-ll 7i-ll el 4RIl L= oL-lil s0-1 70-1ll €011l 2011l Lo-ln
Exuﬂ Exoﬂ EVGO o@_umu Exoﬂ £0M0
90-11 S0-ll 70-1l €0-1l

AW ﬂ ﬂ tsumkmom

£a¥0 Laxo LMo ON_YLL8

LNN"YLLEO

4LL8Y PAVRYY

[ L0l LM V5759

AN V5759

LNIN"VSYS9

Laxd a9 V5759 Pa1aly

235

Glomerular Dis 2025;5:233-242

DOI: 10.1159/000546094

Alport Spectrum


https://doi.org/10.1159/000546094

"MO[[2A ur umoys st 2d£} prim 23 S[oquuAS Pa[[y-J[ey dN[q UT UMOYS ST UOTIBINW Y/ /8D) Y], ° pauwtojrad YDJ
ou_ st 1eap pue ‘(9d4) prim) susd [ewIou oy $33eIPUT USRIS UOBINW Y SHSD) ) SJEIIPUI [[-J[BY P IO [[J Py Juerrea /.80 d oy yimm uonjedaidosoo smoys osfe ()]
Amure yyeap arnjewaid sueaw [oquifs ydnoryy sur] [euoSer(] JULIXd UOIJRWLIOJUI [EDTUI[D OU Inq (XD 2ABY 0} UMOUY SUBIU +([D) "2[qE[IEAB UOTJRULIOJUT OU SULIUI
M@ID "MID JO 99UIPIAI OU INq S[qe[TeA UOTJRULIOJUT suedw () (D "Idros1adns se umoys g1 sadeis (D ‘powrtojrad YD ou,, st 1ea[d pue (2d£) pim) suag reurrou oy
10§ ST U213 uonEINW Y S5 d o) 9 [[J Py "SO[BWS] 918 SI[OIID PUE ‘So[ell o€ saxenbs :sjoquds "y <50 d yim uoreSor3asoo Suimoys seaadrpad Arurey oar] a—e L 614

Bguﬂw Bxuﬂ

Exuﬂ Nnxuﬂw Exw] Exu] maxu]

Exumv Bxumv Exunw Exomv

60-1l 80711 £0-1l 90711

S0-1l

70711

+0M9” +and’ O’ Lany’ Bgu*

£0-11

Land’

01l

Lo-Il

cL-Ml LL-I oL-Hl 60-111 80-1ll L0-11 90-11 SO-11 70-11 €0-11l ¢0-1l LO-111 9
Doxoﬁw coxoﬂ ooxoﬂ on_v_o$V ooxo@ ooxoﬂ ooxu@ ¢aMd ¢aM0 Laxa
€L-ll cl-ll LL-11 oL-1 60-11 80-1l L0-11 ¢0-1l Lo-1l
ooxoﬂ ¢aMd woxo@ ¢aMd woxoﬂ GaMd
70°A v
0ax9
8L-Al LLI-N 9L-Al SL-AI 71N EL-A 2N LA OL-Al 60Nl 80-Al L0-NI 90-Al S0-AI 70-N L0-Al
0040 a0 0ax%a qu] choﬂ mnxuﬂ cmxo* mnxu] qu* max\ﬂ
Lz oz-lil si-ll 8L-ll L 9L-l st 7 RIS Lo 90-1ll S0l 70-1l €011l o1 Lo-1n

Ozdemir et al.

Glomerular Dis 2025;5:233-242

DOI: 10.1159/000546094

236


https://doi.org/10.1159/000546094

Table 1. Analysis of observed cosegregation

Family Number of individuals
with available clinical

Number of individuals Number of individuals
positive heterozygous with CKD stages 1-5,

Number of individuals Probability of N
with CKD stages 1-5 or more

and molecular results for the p.G545A concordant to positivity discordant to positivity concordant
(excluding those positive variant for the p.G545A variant for the p.G545A under null
for the p.G877R variant) variant

1A 9 5 0 0.00195

1B 15 14 7 0.49

1C 12 10 3 0.073

1D 15 7 11 4 0.0592

1E 3 2 2 1 0.5

Total 54 38 39 15 0.000748

Binomial probability of observed cosegregation under the null hypothesis of random transmission of COL4A4:p.G545A at each
informative meiosis was calculated using the binomial cumulative distribution function, and a single affected founder was assumed

for each pedigree. Combined p = 0.000748.

Table 2. Clinical information from family members shown on five family trees

Family Family All clinically affected  Clinically unaffected No clinical ~ Age at first CKDS, Affected and age

members, N (CKD stages 1-5)?, (CKD stage 0), Info®, N stage 3/KRT >50-year KRT (%)
N (variant present)€ N (variant present)

1() 24f 12 (5/5) 7 (0/4) 5 60/65 1/11 (9)

1() 24 11 (8/9) 8 (6/6) 5 63/0 0/7

1( 33 18 (8/9) 6 (2/3) 9 67/67 4/14 (29)

1(d) 44 20 (6/9) 8 (1/6) 16 61/60 3/15 (20)

1) 20 5(2/3) 9 (0) 6 57/61 1/4 (25)

Family trees - see Fig. 1a—e. #Clinically affected: evidence of renal disease (stages 1-5), including all reported cases of
“kidney disease” but no survival data. PNo clinical information: no information available because of death or diaspora.
‘Median age at CKD stage 3/kidney replacement therapy (KRT). 9Affected and aged >50 years. KRT%: percentage who
received KRT after the age of 50 years. €Variant present (x/y): y is the number of family members tested for COL4A4 p.G545A,
and x is the number showing the heterozygous mutation G545A. fFamily 1 a) - members with variant G877R are excluded

from these data.

(at least 1 person with hematuria or proteinuria) for
p-G545A. Twelve families (14%) had a member with this
variant. As controls, we examined a total of 172 unrelated
healthy volunteers.

Statistical Analysis

Genotype and allele frequencies for both p.G545A and
the wild type were calculated via the genotype counting
method. The observed and expected genotype frequencies
for both alleles were compared according to the Hardy-
Weinberg equilibrium by using controls and the chi-
square test (2-tailed test). Comparison of allele fre-

Alport Spectrum

quency in the replication cohort was compared to that
among healthy controls using Fisher’s exact test (two-
tailed).

Results

Genetic Investigation of Members of Five Families

(n = 54)

Likely pathogenic variants in COL4A3/4/5 were
identified in 7 of the 55 families initially investigated
(COL4A3 (3), COL4A4 (2), and COL4A5 (2)), leaving 48
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Fig. 2. Proteinuria (Up) g/day versus esti- 0
mated glomerular filtration rate (eGFR).
eGFR (mL/min) versus maximum (Up) g/d
in 46 patients in our 5 families.
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unsolved families. COL4A4:p.G545A was found in 5 of 55
families investigated by DNA sequencing (9.1%). Sub-
sequently, we examined a replication set of 85 families
with evidence of familial kidney disease most likely with a
glomerular phenotype (at least 1 person with hematuria
or proteinuria) and found 12 families (14%) with the
p-G545A variant.

In one of the 5 families, we also found a pathogenic
variant COL4A3:p.G877R (family la). Excluding those
patients carrying the variant p.G877R, we investigated 54
available members from these 5 families for the p.G545A
variant, and the minor allele frequency was 35% (X2 =10,
p = 0.001).

Affected individuals were assigned to CKD stages
1-5. We found that the variant p.G545A cosegregated
with kidney disease more frequently than expected
based on random transmission (p value = 0.000748,
Table 1). As controls, a total of 172 unrelated healthy
volunteers, with a mean age of 56 years were inves-
tigated for the p.G545A variant, which was present in
4 (2.3%) of individuals in this cohort, similar to the
gnomAD allele frequency. Hardy Weinberg Equilib-
rium x> was 0.07 (p = 0.78). COL4A4:p.G545A was
therefore, significantly enriched among the families in
the validation cohort compared with healthy indi-
viduals from the Turkish Cypriot population (p =
0.0005).

Clinical Phenotype of Family Members (n = 66)

In the 5 families, 66 members were affected with CKD
stages 1-5; a further 38 were unaffected (CKD 0); and no
information available in 41 members. The clinical data
from these 5 families are summarized in Table 2 and by
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family trees (shown in Fig. la-e). Genetic and clinical
data are available from 54 members.

Of the affected members: mildly raised blood pressure
was universal and was easily controlled with 1-2 drugs.
There was no case of accelerated hypertension considered
relevant to deteriorating kidney function. Hematuria
could be intermittent or absent. Among the 46 people
whose urine was tested on one or more occasions, 34 had
a positive result at least once (74%). We found that the
proteinuria test was 0-1+ according to a dipstick test until
the eGFR was less than 30 mL/min. Proteinuria versus
eGFR is shown in Figure 2, documenting the observation
that proteinuria was not greater than 1 g/d until the eGFR
was less than 30 mL/min. We noted that for proteinuria
(more than 140 mg/d) in patients with an eGFR >50 mL/
min, approximately 50% of the urine protein was albu-
min, and this percentage increased to 80-90% when the
proteinuria exceeded 2.0 g/d with eGFR values less than
30 mL/min.

The age of onset of CKD and ESKD in the 5 families is
shown in Table 2. The median age of the 38 patients with
a GFR <60 mL/min at first detection was 61 years (range
34-84). Among family members with clinical evidence of
renal disease and aged older than 50 years, 19.6% had
progressed to ESKD at a median age of 66 years (range
48-80 years).

Histology was performed for 2 families and revealed
tubulointerstitial disease with interstitial fibrosis, tubular
atrophy and extensive global glomerular sclerosis, with
some glomeruli exhibiting segmental sclerosis. On one of
the biopsies, electron microscopy was performed and
showed patchy thinning of the glomerular basement
membrane measured at 159 nm (a value less than 260 nm

Ozdemir et al.
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is diagnostic for thin glomerular basement membranes).
In one family, a 52-year-old female developed nephrotic
syndrome, and a renal biopsy showed membranous
nephropathy (see Fig. 1. C, IV-01). She is now in re-
mission following a course of immunosuppression. Her
data are not included in Table 2.

In Cyprus, diabetes mellitus is very common, and we
have not specifically evaluated this topic in these families.
The data recorded show that of the 65 family members
over the age of 50 years with clinical information
available, 40% with no renal disease (stage 0) had dia-
betes, and 40% with stage 1-5 disease were diabetic.
Neither hearing loss nor eye problems were reported as a
familial trait in any family studied, and screening for these
traits was not performed.

Digenic Family

In one of the five families (shown in Fig. 1a), DNA
sequencing identified a second novel variant, COL4A3:
p-G877R (c.2629G>A) that is classified as likely patho-
genic strong by Varsome. CKD stages 3—4 were present in
4 patients with both variants, and CKD stage 3 was
present once in a patient with only the p.G545A variant.
In the latter case, there was no proteinuria despite an
eGFR of 50 mL/min. In the former, all had proteinuria,
but the maximum was 1.2 g/day with an eGFR of
20 mL/min.

Discussion

While investigating families with autosomal domi-
nant (AD) kidney disease presumed to be owing to
mutations in COL4A3/4/5 genes (Alport spectrum ne-
phropathy), we found that a subset of families had a
clinical presentation that was characteristic of hyper-
tensive nephropathy [14, 15]. This was first noted when
we reviewed our original 55 samples that had undergone
NGS for COL4A3/4/5 and found 5 families with the
common variant COL4A:p.G545A, who all had this
clinical phenotype.

The large number of people affected in these 5 families
has allowed us to perform a detailed analysis of the
natural history of this kidney disease, which is indolent
and asymptomatic until the disease is advanced and it
constitutes an important cause of ESKD, usually in the
seventh decade of life.

Among the initial 5 families investigated with 66
members with clinical evidence of renal disease, we
observed the following: mild hypertension, little or no
proteinuria until the eGFR <30 mL/min (shown in

Alport Spectrum

Fig. 2), variable microscopic hematuria, and kidney
failure occurred in 20% of those affected who are
aged >50 years.

These families often fulfilled the clinical KDIGO cri-
teria for AD tubulointerstitial disease, which include
CKD with bland urinary sediment, no to moderate
proteinuria, and normal or small kidney size on ultra-
sound, with their pedigree consisting of at least 2 affected
family members in 2 successive generations [16]. His-
tology revealed tubulointerstitial disease with interstitial
fibrosis and tubular atrophy and extensive global glo-
merular sclerosis [17]. One of the family members had a
renal biopsy which included electron microscopy that
showed areas of thin glomerular basement membrane
typical for Alport syndrome (see family 1 (e), Figure 1).

In the past 20 years, there have been an increasing
number of reports of AD kidney failure associated with
heterozygous pathogenic variants of COL4A3 or COL4A4
(4, 18-22]. Although initially considered to be a benign
condition (benign familial hematuria), end-stage renal
failure was first reported in elderly individuals with these
variants in 1985 [23].

Both AD and X-linked Alport syndrome have recently
been reported as causes of AD tubulointerstitial disease
[24, 25], and several mild pathogenic variants in the
COL4AS5 gene are associated with a much attenuated form
of Alport syndrome with late-onset kidney failure [26].
These variants have widened the spectrum of Alport
syndrome nephropathy to include a hypertensive ne-
phropathy phenotype.

We subsequently studied a total of 85 families and
observed significant enrichment in the frequency of
COL4A4:p.G545A, as at least 1 patient in 12 families had
this variant (14%). In the 5 families that we concentrated
our study here, it is evident that the variant segregated
with the disease substantially more frequently than it
would be expected by chance (see Table 1).

Itis a common variant and in gnomAD v4.0, which is a
register of whole-genome sequencing data, the variant is
most commonly found in people from the “Middle East,”
with an allele frequency of 0.082. We note the allele
frequency of 2.3% observed in our control cohort is lower
than the data from GnomAD cohort, possibly reflecting
the fact that individuals with hematuria or other evidence
of kidney disease were excluded from the former but not
the latter.

In silico variant predictions suggest that COL4A4:
p-G545A is pathogenic based on the use of Polyphen as a
“probably damaging,” SIFT as a “deleterious” variant and
a Grantham score of 60. The evolutionary model of
variant effects yielded a high EVE score of 0.966 [27]. The
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other predictor scores were as follows: REVEL: 0.776;
CADD: 23.5; and PrimateAl: 0.575. AlphaMissense was
benign. Varsome tools classify the variant as in silico
predictors BP4: benign strong, with the use of the ACMG
criteria, the main reason for being benign is its high
frequency in population databases, compared with the
disease prevalence [28].

Because the variant p.G545A is so common, it cannot
be regarded as a monogenic cause of renal disease but
could be considered a predisposing or risk factor rather
than a pathogenic variant. Also, one cannot exclude the
possibility that it acts as a genetic modifier in the presence
of another pathogenic or likely pathogenic variant, either
in cis or in trans.

In the Greek Cypriot population, we found that the
p.G545A variant was significantly more common in
patients referred for testing because of hematuria (n =
468) than in controls in the general population (n = 368),
p = 0.037. On the other hand, COL4A4:p.G545A, either
demonstrates incomplete penetrance or it acts as a genetic
factor conferring higher predisposition to hematuria and
CKD rather than as a causative mutation following a
Mendelian inheritance (Deltas C and colleagues, un-
published results).

With regard to functional studies, a recent publi-
cation reports experiments in transiently transfected
cells in culture, with the use of a dual luciferase assay to
examine the efficiency of secretion of different mutant
collagen trimers [29]. Different glycine substitutions in
the collagen IV alpha chains demonstrated disparate
abnormalities, with the p.G545A variant demon-
strating minimal but distinct impaired secretion,
compared with wild type molecules. We can hypoth-
esize that the p.G545A variant is highly hypomorphic,
with adequate residual activity, which only occasion-
ally associates with CKD in a non-Mendelian fashion,
and only in the presence of other genetic or envi-
ronmental factors or a combination of these, which
largely remain unknown.

The major limitation of the study is that although we
expected to find that variants in COL4A3/4/5 were
common we have not found this. We have not been able
to investigate more families with WES, or compare with
populations without renal disease and it was not possible
to obtain more genetic information for most patients.
More extensive genetic investigation is required to ex-
clude deletions, insertions, copy number variation and
intronic variants in these genes. Electron microscopy
from more cases would be informative although CKD is
often advanced before it is recognized and renal biopsy
not performed.
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In summary, we identify glycine substitution in
COL4A4 that we propose is highly hypomorphic with
adequate residual activity. It is common in all pop-
ulations studied (precluding its classification as a
Mendelian disease-causing pathogenic variant) but is
significantly enriched among Turkish Cypriots and with
evidence of kidney disease that is usually characterized
by tubulointerstitial, rather than glomerular, clinical
features.

Given its frequency in Eastern Mediterranean pop-
ulations and its statistically significant enrichment
among Turkish Cypriot families with kidney disease,
this may represent a contributor to increased risk of
renal failure that is well documented in the Eastern
Mediterranean Region, with familial clustering remi-
niscent of APOLI mediated kidney disease that is en-
demic in some African populations [30]. Identified
APOLI variants do not cause a disease with Mendelian
inheritance but they confer high predisposition to those
carrying it, as documented by numerous studies in
African populations where it is most prevalent. Further
studies will be needed to determine if the pathology
relates to variants in Alport genes, and how intersection
of various polygenic, common and uncommon genetic
risk factors for kidney disease interact in individuals,
families, and populations.
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