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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 PKD1, PKD2,MUC1, 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 amajority 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 1a–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.

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, CFHR5,
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 µmol/L, for women 80 µmol/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 <140mg/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. 1a–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
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(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-

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

Table 1. Analysis of observed cosegregation

Family Number of individuals
with available clinical
and molecular results
(excluding those positive
for the p.G877R variant)

Number of individuals
positive heterozygous
for the p.G545A
variant

Number of individuals
with CKD stages 1–5,
concordant to positivity
for the p.G545A variant

Number of individuals
with CKD stages 1–5
discordant to positivity
for the p.G545A
variant

Probability of N
or more
concordant
under null

1A 9 5 9 0 0.00195

1B 15 14 8 7 0.49

1C 12 10 9 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
informativemeiosis 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
members, N

All clinically affected
(CKD stages 1–5)a,
N (variant present)e

Clinically unaffected
(CKD stage 0),
N (variant present)

No clinical
Infob, N

Age at first CKDc,
stage 3/KRT

Affected and age
>50-year KRT (%)d

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

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

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

Family trees – see Fig. 1a–e. aClinically affected: evidence of renal disease (stages 1–5), including all reported cases of
“kidney disease” but no survival data. bNo clinical information: no information available because of death or diaspora.
cMedian age at CKD stage 3/kidney replacement therapy (KRT). dAffected and aged >50 years. KRT%: percentage who
received KRT after the age of 50 years. eVariant 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.
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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 1a). 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% (χ2 = 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 χ2 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

family trees (shown in Fig. 1a–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

Fig. 2. Proteinuria (Up) g/day versus esti-
mated glomerular filtration rate (eGFR).
eGFR (mL/min) versus maximum (Up) g/d
in 46 patients in our 5 families.
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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

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
COL4A5 gene are associated with amuch 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).

It is 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 PrimateAI: 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.

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 APOL1 mediated kidney disease that is en-
demic in some African populations [30]. Identified
APOL1 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.

Acknowledgments

We would like to thank the families included in the study. We
also thank Dr. Huseyin Sevay for his help with the pedigree
drawings. An earlier preprint version of this article is available on
Researchsquare.com https://doi.org/10.21203/rs.3.rs-2844330/v2
Fezile Ozdemir, D Deren Oygar, Ahmet Behlul, Salahi Ataç,
Simge Bardak, Meral Yükseliş, Gregory Papagregoriou, Apostolos
Malatras, Daniel P Gale, Guy H Neild, Constantinos Deltas, Cemal
Gurkan. AD kidney disease phenocopying hypertensive ne-
phropathy in Turkish Cypriot Families.

Statement of Ethics

Written informed consent was obtained for participation in
this study. All samples collections were performed with written
informed consent and in accordance with the ethical principles
for medical research involving human subjects and according to
the Declaration of Helsinki of the World Medical Association.
This study was approved by the northern Cyprus Ministry of
Health Ethics Committee [Decision Number YTK.1.01 (Ek 002/
19)]. For the work performed at the biobank.cy Center of Ex-
cellence in the Republic of Cyprus (EU), there was no ethics
approval sought as all the samples used were under complete
anonymity.

240 Glomerular Dis 2025;5:233–242
DOI: 10.1159/000546094

Ozdemir et al.

http://Researchsquare.com
https://doi.org/10.21203/rs.3.rs-2844330/v2
https://doi.org/10.1159/000546094


Conflict of Interest Statement

The following authors declare no competing interests: F.O., D.D.O.,
A.B., S.A., S.B., M.Y., G.P., A.M., C.D., C.G., or G.H.N. Prof. D.P.G. was
a member of the Journal’s Editorial Board at the time of submission.

Funding Sources

Funding for FO was provided by Eastern Mediterranean Uni-
versity. This work was partly funded by EMU. D.P.G. is supported by
St. Peter’s Trust for Kidney, Bladder, and Prostate Research. This work
was partly funded by theCyprus Research and Innovation Foundation,
program RESTART 2016-2020/INTEGRATED/0918/0043, to CD.
Additionally, C.D. was funded by the CY-Biobank, an EU Horizon
2020 Research and Innovation Programme, under Grant Agreement
No. 857122, the Republic of Cyprus, and the University of Cyprus.

Author Contributions

Research idea and study design: D.D.O. and G.H.N.; clinical
care, data, and sample collection: D.D.O., A.B., S.A., S.B., M.Y., and
F.O.; laboratory studies: F.O. and C.G.; data analysis/
interpretation: F.O., G.P., G.H.N., D.P.G., and C.G.; statistical
analysis: A.M., G.P., D.P.G., and C.D.; manuscript writing: G.H.N.,
C.D., D.P.G., C.G., and F.O.

Data Availability Statement

The data that support the findings of this study are not
publicly available as they contain information that could
compromise the privacy of research participants but are
available from the corresponding author upon reasonable
request.

References

1 ERA-EDTA Registry Annual Report 2019.
Amsterdam UMC. Amsterdam, Netherlands:
Dep Med Informatics; 2021.

2 Connor TMF, Oygar DD, Gale DP, Steen-
kamp R, Nitsch D, Neild GH, et al. Incidence
of end-stage renal disease in the Turkish-
Cypriot population of northern Cyprus: a
population based study. PLoS One. 2013;8(1):
e54394. https://doi.org/10.1371/journal.
pone.0054394

3 Athanasiou Y, Voskarides K, Gale DP,
Damianou L, Patsias C, Zavros M, et al.
Familial C3 glomerulopathy associated with
CFHR5 mutations: clinical characteristics of
91 patients in 16 pedigrees. Clin J Am Soc
Nephrol. 2011;6(6):1436–46. https://doi.org/
10.2215/CJN.09541010

4 Voskarides K, Damianou L, Neocleous V,
Zouvani I, Christodoulidou S, Hadjicon-
stantinou V, et al. COL4A3/COL4A4 muta-
tions producing focal segmental glomerulo-
sclerosis and renal failure in thin basement
membrane nephropathy. J Am Soc Nephrol.
2007;18(11):3004–16. https://doi.org/10.
1681/ASN.2007040444

5 Pierides A, Voskarides K, Athanasiou Y,
Ioannou K, Damianou L, Arsali M, et al.
Clinico-pathological correlations in 127 pa-
tients in 11 large pedigrees, segregating one of
three heterozygous mutations in the
COL4A3/COL4A4 genes associated with fa-
milial haematuria and significant late pro-
gression to proteinuria and chronic kidney
disease from focal segmental glomerulo-
sclerosis. Nephrol Dial Transpl. 2009;24(9):
2721–9. https://doi.org/10.1093/ndt/gfp158

6 Papazachariou L, Demosthenous P, Pieri M,
Papagregoriou G, Savva I, Stavrou C, et al.
Frequency of COL4A3/COL4A4 Mutations
amongst families segregating glomerular
microscopic hematuria and evidence for ac-
tivation of the unfolded protein response.

Focal and segmental glomerulosclerosis is a
frequent development during ageing. PLoS
One. 2014;9(12):e115015–25. https://doi.org/
10.1371/journal.pone.0115015

7 Stavrou C, Koptides M, Tombazos C, Psara E,
Patsias C, Zouvani I, et al. Autosomal-
dominant medullary cystic kidney disease
type 1: clinical and molecular findings in six
large Cypriot families. Kidney Int. 2002;
62(4):1385–94. https://doi.org/10.1111/j.
1523-1755.2002.kid581.x

8 Voskarides K, Mazières S, Hadjipanagi D,
Di Cristofaro J, Ignatiou A, Stefanou C,
et al. Y-chromosome phylogeographic
analysis of the Greek-Cypriot population
reveals elements consistent with Neolithic
and Bronze Age settlements. Investig
Genet. 2016;7(1):1. https://doi.org/10.
1186/s13323-016-0032-8

9 Gurkan C, Sevay H, Demirdov DK, Hossoz S,
Ceker D, Teralı K, et al. Turkish Cypriot
paternal lineages bear an autochthonous
character and closest resemblance to those
from neighbouring Near Eastern pop-
ulations. Ann Hum Biol. 2017;44(2):164–74.
https://doi.org/10.1080/03014460.2016.
1207805

10 Kidd KK, Bulbul O, Gurkan C, Dogan M,
Dogan S, Neophytou PI, et al. Genetic rela-
tionships of southwest asian and mediterra-
nean populations. Forensic Sci Int Genet.
2021;53:102528. https://doi.org/10.1016/j.
fsigen.2021.102528

11 Census. The final results of TRNC general
population and 2006, census. [Internet]
Available from: http://nufussayimi.devplan.
org/Kesin-sonuc-index_en.html

12 Levey AS, Coresh J, Balk E, Kausz AT, Levin
A, Steffes MW, et al. National kidney foun-
dation practice guidelines for chronic kidney
disease: evaluation, classification, and strati-
fication. Ann Intern Med. 2003;139(2):

137–47. https://doi.org/10.7326/0003-4819-
139-2-200307150-00013

13 Lin F, Bian F, Zou J,WuX, Shan J, LuW, et al.
Whole exome sequencing reveals novel
COL4A3 and COL4A4 mutations and re-
solves diagnosis in Chinese families with
kidney disease. BMC Nephrol. 2014;15(1):
175–8. https://doi.org/10.1186/1471-2369-
15-175

14 Freedman BI, Cohen AH. Hypertension-
attributed nephropathy: what’s in a name?
Nat Rev Nephrol. 2016;12(1):27–36. https://
doi.org/10.1038/nrneph.2015.172

15 Luft FC. Hypertensive nephrosclerosis-A
cause of end-stage renal disease? Nephrol
Dial Transpl. 2000;15(10):1515–7. https://
doi.org/10.1093/ndt/15.10.1515

16 Eckardt KU, Alper SL, Antignac C, Bleyer AJ,
Chauveau D, Dahan K, et al. Autosomal
dominant tubulointerstitial kidney disease:
diagnosis, classification, and management: a
KDIGO consensus report. Kidney Int. 2015;
88(4):676–83. https://doi.org/10.1038/ki.
2015.28

17 Nieuwhof CMG, De Heer F, De Leeuw P, van
Breda Vriesman PJ. Thin GBM nephropathy:
premature glomerular obsolescence is asso-
ciated with hypertension and late onset renal
failure. Kidney Int. 1997;51(5):1596–601.
https://doi.org/10.1038/ki.1997.219

18 Pescucci C, Mari F, Longo I, Vogiatzi P,
Caselli R, Scala E, et al. Autosomal-dominant
Alport syndrome: natural history of a disease
due to COL4A3 or COL4A4 gene. Kidney Int.
2004;65(5):1598–603. https://doi.org/10.
1111/j.1523-1755.2004.00560.x

19 Furlano M, Martínez V, Pybus M, Arce Y,
Crespí J, Venegas MDP, et al. Clinical and
genetic features of autosomal dominant Al-
port syndrome: a cohort study. Am J Kidney
Dis. 2021;78(4):560–70.e1. https://doi.org/10.
1053/j.ajkd.2021.02.326

Alport Spectrum Glomerular Dis 2025;5:233–242
DOI: 10.1159/000546094

241

https://doi.org/10.1371/journal.pone.0054394
https://doi.org/10.1371/journal.pone.0054394
https://doi.org/10.2215/CJN.09541010
https://doi.org/10.2215/CJN.09541010
https://doi.org/10.1681/ASN.2007040444
https://doi.org/10.1681/ASN.2007040444
https://doi.org/10.1093/ndt/gfp158
https://doi.org/10.1371/journal.pone.0115015
https://doi.org/10.1371/journal.pone.0115015
https://doi.org/10.1111/j.1523-1755.2002.kid581.x
https://doi.org/10.1111/j.1523-1755.2002.kid581.x
https://doi.org/10.1186/s13323-016-0032-8
https://doi.org/10.1186/s13323-016-0032-8
https://doi.org/10.1080/03014460.2016.1207805
https://doi.org/10.1080/03014460.2016.1207805
https://doi.org/10.1016/j.fsigen.2021.102528
https://doi.org/10.1016/j.fsigen.2021.102528
http://nufussayimi.devplan.org/Kesin-sonuc-index_en.html
http://nufussayimi.devplan.org/Kesin-sonuc-index_en.html
https://doi.org/10.7326/0003-4819-139-2-200307150-00013
https://doi.org/10.7326/0003-4819-139-2-200307150-00013
https://doi.org/10.1186/1471-2369-15-175
https://doi.org/10.1186/1471-2369-15-175
https://doi.org/10.1038/nrneph.2015.172
https://doi.org/10.1038/nrneph.2015.172
https://doi.org/10.1093/ndt/15.10.1515
https://doi.org/10.1093/ndt/15.10.1515
https://doi.org/10.1038/ki.2015.28
https://doi.org/10.1038/ki.2015.28
https://doi.org/10.1038/ki.1997.219
https://doi.org/10.1111/j.1523-1755.2004.00560.x
https://doi.org/10.1111/j.1523-1755.2004.00560.x
https://doi.org/10.1053/j.ajkd.2021.02.326
https://doi.org/10.1053/j.ajkd.2021.02.326
https://doi.org/10.1159/000546094


20 Savige J. Heterozygous pathogenic COL4A3
and COL4A4 variants (autosomal dominant
Alport syndrome) are common, and not
typically associated with end-stage kidney
failure, hearing loss, or ocular abnormalities.
Kidney Int Rep. 2022;7(9):1933–8. https://
doi.org/10.1016/j.ekir.2022.06.001

21 Matthaiou A, Poulli T, Deltas C. Prevalence
of clinical, pathological and molecular fea-
tures of glomerular basement membrane
nephropathy caused by COL4A3 or COL4A4
mutations: a systematic review. Clin Kidney J.
2020;13(6):1025–36. https://doi.org/10.1093/
ckj/sfz176

22 García-Aznar JM, De la Higuera L, Besada
Cerecedo L, Gandiaga NP, Vega AI, Fernán-
dez-Fresnedo G, et al. New insights into renal
failure in a cohort of 317 patients with auto-
somal dominant forms of Alport syndrome:
report of two novel heterozygous mutations in
COL4A3. J Clin Med. 2022;11(16):4883.
https://doi.org/10.3390/jcm11164883

23 Dische FE, Weston MJ, Parsons V. Abnor-
mally thin glomerular basement membranes

associated with hematuria, proteinuria or
renal failure in adults. Am J Nephrol. 1985;
5(2) :103–9. ht tps : / /doi .org/10 .1159/
000166914

24 Wopperer FJ, Knaup KX, Stanzick KJ,
Schneider K, Jobst-Schwan T, Ekici AB, et al.
Diverse molecular causes of unsolved au-
tosomal dominant tubulointerstitial kidney
diseases. Kidney Int. 2022;102(2):405–20.
https://doi.org/10.1016/j.kint.2022.04.031

25 Popp B, Ekici AB, Knaup KX, Schneider K,
Uebe S, Park J, et al. Prevalence of he-
reditary tubulointerstitial kidney diseases
in the German Chronic Kidney Disease
study. Eur J Hum Genet. 2022;30(12):
1413–22. https://doi.org/10.1038/s41431-
022-01177-9

26 Pierides A, Voskarides K, Kkolou M, Had-
jigavriel M, Deltas C. X-linked, COL4A5
hypomorphic Alport mutations such as
G624D and P628L may only exhibit thin
basement membrane nephropathy with mi-
crohematuria and late onset kidney failure.
Hippokratia. 2013;17(3):207–13.

27 Frazer J, Notin P, Dias M, Gomez A, Min JK,
Brock K, et al. Disease variant prediction with
deep generative models of evolutionary data.
Nature. 2021;599(7883):91–5. https://doi.
org/10.1038/s41586-021-04043-8

28 Richards S, Aziz N, Bale S, Bick D, Das S,
Gastier-Foster J, et al. Standards and guide-
lines for the interpretation of sequence var-
iants: a joint consensus recommendation of
the American college of medical genetics and
genomics and the association for molecular
pathology. Genet Med. 2015;17(5):405–24.
https://doi.org/10.1038/gim.2015.30

29 Kohler J, Omachi K, Charu V, Miner JH,
Bhalla V. A col4a4-g394S variant and im-
paired collagen IV trimerization in a patient
with mild Alport syndrome. Kidney360.
2022;3(11):1899–908. https://doi.org/10.
34067/KID.0005472022

30 Daneshpajouhnejad P, Kopp JB, Winkler CA,
Rosenberg AZ. The evolving story of apolipo-
protein L1 nephropathy: the end of the be-
ginning. Nat Rev Nephrol. 2022;18(5):307–20.
https://doi.org/10.1038/s41581-022-00538-3

242 Glomerular Dis 2025;5:233–242
DOI: 10.1159/000546094

Ozdemir et al.

https://doi.org/10.1016/j.ekir.2022.06.001
https://doi.org/10.1016/j.ekir.2022.06.001
https://doi.org/10.1093/ckj/sfz176
https://doi.org/10.1093/ckj/sfz176
https://doi.org/10.3390/jcm11164883
https://doi.org/10.1159/000166914
https://doi.org/10.1159/000166914
https://doi.org/10.1016/j.kint.2022.04.031
https://doi.org/10.1038/s41431-022-01177-9
https://doi.org/10.1038/s41431-022-01177-9
https://doi.org/10.1038/s41586-021-04043-8
https://doi.org/10.1038/s41586-021-04043-8
https://doi.org/10.1038/gim.2015.30
https://doi.org/10.34067/KID.0005472022
https://doi.org/10.34067/KID.0005472022
https://doi.org/10.1038/s41581-022-00538-3
https://doi.org/10.1159/000546094

	Familial Kidney Disease Phenocopying Hypertensive Nephropathy
	Introduction
	Methods
	Study Population
	Families
	DNA Isolation and PCR-RFLP
	Clinical Investigations
	Study Groups Investigated
	Statistical Analysis

	Results
	Genetic Investigation of Members of Five Families (n = 54)
	Clinical Phenotype of Family Members (n = 66)
	Digenic Family

	Discussion
	Acknowledgments
	Statement of Ethics
	Conflict of Interest Statement
	Funding Sources
	Author Contributions
	Data Availability Statement
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


