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Abstract

Background Cubilin is one of the receptor proteins responsible for reabsorption of albumin in proximal tubules and is
encoded by the CUBN gene. We aimed to evaluate clinical and genetic characterization of six patients with proteinuria who
had CUBN mutations.

Methods Patients’ characteristics, serum creatinine, albumin, vitamin B, levels, urine analysis, spot urine protein/creatinine,
microalbumin/creatinine, beta-2 microglobulin/creatinine ratios, estimated glomerular filtration rates (¢GFR), treatments,
kidney biopsies, and genetic analyses were evaluated.

Results Six patients (2 female, 4 male) with an incidental finding of proteinuria were evaluated. Mean admission
age and follow-up time were 7.3 +2.9 and 6.5 + 5.6 years, respectively. Serum albumin, creatinine, and eGFR were
normal; urine analysis revealed no hematuria, and C3, C4, ANA, and anti-DNA were negative; kidney ultrasonography
was normal for all patients. Urine protein/creatinine was 0.9 + 0.3 mg/mg, and microalbumin was high in all patients.
Serum vitamin B, was low in two patients and normal in four. Kidney biopsy was performed in four patients, three
demonstrated normal light microscopy, and there was one focal segmental glomerulosclerosis (FSGS). Genetic tests
revealed four homozygous and two compound heterozygous mutations in the C-terminal part of cubilin. All patients
had normal eGFR and still had non-nephrotic range proteinuria at last visit.

Conclusions CUBN gene mutations should be considered in patients with isolated non-nephrotic range proteinuria
and normal kidney function. Diagnosing these patients, who are thought to have a better prognosis, is important in
terms of avoiding unnecessary treatment and predicting prognosis. CUBN gene mutations may also present as FSGS
which extends the spectrum of renal manifestation of these patients.
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Introduction

Proteinuria is an important risk factor that is associ-
ated with poor kidney outcome [1]. In normal condi-
tions, a small amount of albumin is filtered through
the glomeruli and reabsorbed at the proximal tubules
by receptor-mediated endocytosis. Two interacting
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receptors, megalin and cubilin, which form a complex
with amnionless, are responsible for this process. Cubi-
lin has the major role in reabsorption and is encoded
by the CUBN gene [2, 3]. This gene is also known
as the cause of Imerslund—Grisbeck syndrome (IGS)
characterized by malabsorption of vitamin B, result-
ing in megaloblastic anemia and frequently proteinuria
that is not in nephrotic range [4, 5]. Most pathogenic
CUBN variants in IGS are found in the N-terminal half
of cubilin, whereas mutations in C-terminal sections
have recently been reported in patients with isolated
proteinuria [6, 7]. In the present study, we evaluated
six patients with isolated proteinuria from unrelated
families with mutations in the CUBN gene.
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Methods

Clinical data were retrospectively obtained from medical
records. Patients’ demographic characteristics, serum creati-
nine, albumin, vitamin B, levels, urine analysis, spot urine
protein/creatinine, microalbumin/creatinine, and beta-2
microglobulin/creatinine ratios at presentation and at last
visit, as well as estimated glomerular filtration rates (eGFR)
were evaluated (Table 1). eGFR was calculated by Schwartz
formula with a constant k=0.55 for children and adolescent
girls and k=0.7 for adolescent boys since serum creati-
nine was measured with Jaffe method, and eGFR >90 mL/
min/1.73 m? was defined as normal [8]. Kidney biopsy
results and treatment modalities were also reviewed. We
performed genetic analysis in 158 proteinuric patients
with steroid resistant nephrotic syndrome or chronic pro-
teinuria. Proteinuria was defined as urine protein/creatinine
ratio (u pr/cr) > 0.2 mg/mg and nephrotic range proteinuria
as>?2 mg/mg in spot urine. Microalbuminuria was defined
as urine microalbumin/creatinine ratio (u ma/cr) > 30 mg/gr
and beta-2 microglobulinuria as urine beta-2 microglobulin/
creatinine (u beta-2 mg/cr) > 300 mcg/gr in spot urine.

Genetic analysis

Written informed consent was obtained from all patients
after clinical histories and detailed pedigree analyses were
performed. DNA isolation from peripheral blood was per-
formed with QIAamp DNA Mini Kit (Qiagen, Hilden, Ger-
many). Forty-four genes related to nephrological disorders
including the CUBN gene (NM_001081) were sequenced
using Sophia Nephropathies Solution (NES) kit via Illumina

Table 1 Clinical and laboratory data of patients with CUBN variants

Nextseq 500 (San Diego, CA, USA). Sophia DDM-V4®
platform was used for data analysis. In population studies
such as ExAC, ESP, 1000 Genome (1000G), and Genome
aggregation database (gnomAD), variants with minor allele
frequency (MAF) <0.01 were filtered out. Retained variants
which related to patient’s clinical findings were searched
in Clinvar and Human Gene Mutation Database (HGMD).
Detected variants were classified according to ACMG crite-
ria. Segregation analyses were performed via [llumina Miseq
(San Diego, CA, USA).

Results

Six patients (2 female, 4 male) were evaluated with a mean
admission age of 7.3 +2.9 (4.7-11.7) years and a follow-
up time of 6.5+5.6 (0.4—14.7) years. Four patients were
referred to our center from other hospitals and two were
admitted to our hospital. All patients were referred to
the Pediatric Nephrology Department with an incidental
finding of persistent proteinuria during investigation of
abdominal pain, fever or loss of appetite. Serum albumin,
creatinine, eGFR were all in normal ranges, urine analysis
revealed no hematuria at admission and at last visit, and C3,
C4, ANA, anti-DNA were negative for all patients. Urine pr/
cr at admission was 0.9 +0.3 mg/mg (0.6—-1.3), not exceed-
ing 1 g/day (250-721 mg/day), u ma/cr was high in all
patients with a mean of 472.8 +231.2 mg/gr (298-860) and
u pr/cr at last visit was 0.7 +0.2 mg/mg (0.4-0.9). Serum
vitamin B12 was normal in four patients, slightly low in two
patients and increased to normal ranges after oral vitamin
B12 treatment with a dosage of 1 mg/day, which excludes
Imerslund-Grisbeck syndrome which does not respond to

Patients Pt-1 Pt-2 Pt-3 Pt-4 Pt-5 Pt-6
Age ad (years) 11.7 10.1 5.7 6.5 5.1 4.7
Gender F M M M M F
Follow-up time 2.7 4.6 14.7 4.2 12.1 0.4
Albumin ad/al (gr/L) 45/42 47/44 47/49 48/43 53/54 50/50
eGFR ad/al 172.4/152.1 202.1/175.8 151.9/144.3 234.6/155.4 173.5/177.6 194.4/158.7
(ml/min/1.73 m?)

u pr/cr ad/al (mg/mg) 1.1/0.8 0.6/0.6 0.6/0.4 1.1/0.6 1.3/0.7 0.7/0.9
u ma/cr ad/al (mg/gr) 625/298 298/344 287/312 302/457 465/346 860/622
u beta-2 mg/cr al (microgr/gr) 122 185 42.5 57.6 19.4 63.8

Hb (gr/dl) 11 12.7 12.9 11.6 12.1 12.4
Serum vitamin B12 390(N) 147(L) 397(N) 620(N) 213(L) 556(N)
Kidney biopsy Normal Normal Normal - FSGS -

ad at diagnosis, al at last visit, cr creatinine, eGFR estimated glomerular filtration rate, gr gram, Hb hemoglobin, L low, ma microalbumin, mg

microglobulin, N normal, pr protein, Pt patient, u urine

Proteinuria is defined as urine protein/creatinine ratio (u pr/cr)> 0.2 mg/mg, microalbuminuria as urine microglobulin/creatinine ratio (u ma/
cr)> 30 mg/gr, and beta-2 microglobulinuria as urine beta-2 microglobulin/creatinine ratio (u beta-2 mg/cr) > 300 microgr/gr
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oral treatment. Kidney ultrasonography was normal in all
patients. Kidney biopsy was performed in four patients and
demonstrated normal light microscopy and negative immu-
nofluorescence examination in three patients. Podocyte foot
processes were well preserved on electron microscopy in
these patients. Patient 5 with the highest proteinuria had two
biopsies performed 3 years apart. The first biopsy revealed
one global sclerosis in 50 glomeruli, and the second biopsy
revealed one periglomerular fibrosis in 27 glomeruli. Immu-
nofluorescence examination was negative, and there was
obliteration in epithelial cells on electron microscopy. He
was diagnosed with focal segmental glomerulosclerosis
(FSGS) with these histopathological findings. Two patients
had ramipril (1.6-2 mg/m?/day), one patient had enalapril
(0.3-0.5 mg/kg/day), and two patients had enalapril and
losartan (0.5 mg/kg/day) together as treatment, whereas
patient 5 also had corticosteroid, ciclosporin, and rituximab
treatments. We followed up our last patient (patient 6), who
was diagnosed recently, with no treatment. ACEi/ARBs
were discontinued in five patients and there was no increase
in proteinuria after 3 months of drug cessation. At last visit,
all patients had non-nephrotic range proteinuria and normal
kidney functions.

When available, genetic analysis was performed for all six
patients in 5.4'+ 5.3 (0.4—13.3) years of follow-up. Genetic
analysis was performed in 158 proteinuric patients with
steroid resistant nephrotic syndrome or chronic proteinuria,

and the percentage of CUBN variants in this cohort was
3.8%. Seven different (two truncating and five non-trun-
cating) CUBN gene variants were detected in six patients
(Table 2). Two patients were compound heterozygous, and
four patients were homozygous for detected variants. All
variants were localized to the C-terminal of the cubilin pro-
tein (Fig. 1).

Discussion

In the current study, six patients who presented with isolated
non-nephrotic range proteinuria and normal kidney function
were examined. The biopsies of four patients were normal
except one with FSGS. The high proportion of microalbumi-
nuria was interpreted as glomerular injury and ACEI/ARBs
were used as proteinuria-lowering treatments, even immu-
nosuppressive drugs in one patient who was diagnosed with
FSGS. Seven different variants, all localized at the C-termi-
nal part of cubilin, were detected in our patients. There was
no increase in proteinuria after cessation of ACEI/ARBs
and no deterioration in kidney functions during follow-up.
In both animal and human studies, cubilin has been
found to have an essential role in the reuptake of albumin
by endocytosis in the proximal tubule [2, 3, 9]. On the other
hand, cubilin has also been found to be expressed by human
podocytes, and it is suggested that CUBN gene mutations

Table 2 Genetic results of patients with CUBN (NM_001081.4) variants

Patients Status Genetic ~ Mutation Position Type of muta- ACMG Father Mother
time tion
(years)
1 Compound 1.69 c.9053A>C Exon 57 Missense Likely patho-  Heterozygous Heterozygous
heterozygous (p-Tyr3018Ser), Exon 62 Missense genic C9922T>C c.9053A>C
c.9922T>C Likely (p-Trp3308Arg)  (p.Tyr3018Ser)
(p-Trp3308Arg) Pathogenic
2 Homozygous 2.93 c.10102A>G Exon 63 Missense \ASN Heterozygous Heterozygous
(p-Met3368Val) c.10102A>G c.10102A>G
(p-Met3368Val) (p-Met3368Val)
3 Homozygous 13.30 c.10102A>G Exon 63 Missense VUS N/A N/A
(p-Met3368Val)
4 Homozygous 3.01 c.8071G>A Exon 52 Missense VUS Heterozygous Heterozygous
(p-Gly2691Arg) c.8071G> A c.8071G> A
(p.Gly2691Arg)  (p.Gly2691Arg)
5 Homozygous 11.08 c.8317C>T Exon 53 Nonsense Pathogenic Exitus Heterozygous
(p.GIn2773%) c.8317C>T
(p-GIn2773%*)
6 Compound 0.38 c.6204C>G Exon 41 Nonsense Pathogenic N/A N/A
heterozygous p-(Tyr2068*), Exon 63 Missense A4S
c.10102A>G Exon 31 Missense VUS
p-(Met3368Val),
c.4610C>T
p-(Ser1537Phe)

NA not available; novel variants are shown in bold. VUS variant of unknown significance
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Fig. 1 Structure of cubilin protein and position of detected variants in this study. The cubilin protein consists of 8 EGF-like domains, 27 CUB
domains, 17 calcium-binding sites, and one vitamin B,,/IF-binding region. Novel variants are shown in bold

may also lead to the dysfunction of albumin endocytosis in
podocytes [10, 11].

The first cases were described by Ovunc et al. and were
two siblings of consanguineous parents with isolated pro-
teinuria and normal kidney functions. The biopsy of the
first sibling was normal and they identified a homozygous
variant in the CUBN gene in both siblings [12]. Jayahinge
et al. reported a third case who was an 8-year-old boy with
a homozygous CUBN variant with a normal kidney biopsy
and normal kidney function [13]. In their cohort with 39
patients with isolated proteinuria, Bedin et al. reported that
C-terminal missense variants were associated with albu-
minuria and increased eGFR [7]. Patients above 40 years
of age with variants in the CUBN gene who have chronic
non-nephrotic proteinuria and normal kidney functions add
further evidence about the favorable prognosis [14]. All
these reports suggest that proteinuria due to CUBN muta-
tions could be a benign condition that may not require any
proteinuria-lowering treatment or kidney biopsy [7, 12, 13].

In our cohort, all six patients who presented with iso-
lated proteinuria had biallelic variants in the C-terminal
half of cubilin and slightly high eGFR. The c.10102A> G
(p.Met3368Val) variant in 5/12 alleles indicated that this
variant could be a founder variant in the Turkish popula-
tion. The rarity of this variant in large patient studies pub-
lished from different countries strengthens this finding [7,
14]. ACEI/ARB treatments were discontinued and there was
no increase in proteinuria at the third month. Patient 3 and
patient 5 had a follow-up time over 10 years, which strength-
ens the evidence for favorable outcome in these patients.

Kidney biopsy has been performed in only a few
patients with CUBN mutations due to the infrequency of
cases [7, 14, 15]. When kidney biopsies of 19 patients with
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CUBN gene variants were evaluated retrospectively, one
was diagnosed with FSGS and others with minimal change
or no lesions [7]. In another study, three pediatric patients
with isolated proteinuria, normal kidney functions, and
a kidney biopsy revealing FSGS demonstrated at least a
significant variant in one allele which led to frameshift
or protein truncation in the CUBN gene [15]. One of our
patients (patient 5) with a nonsense homozygous variant
leading to protein truncation was also diagnosed with
FSGS on kidney biopsy, and he is still on follow-up with
moderate proteinuria and normal kidney function for
12 years. There was no progression in his second biopsy
with presence of only one partially sclerosed glomerulus
(out of 27) which could also be interpreted as near to nor-
mal pathological findings.

In conclusion, despite the limited number of patients,
our results confirm that biallelic C-terminal variants in the
CUBN gene may cause a benign condition characterized by
isolated proteinuria and normal kidney function and some-
times these variants may also present with FSGS on kidney
biopsy. We recommend genetic testing for CUBN variants
in patients with isolated non-nephrotic range proteinuria and
normal kidney function to avoid unnecessary treatments.
Further studies with long term follow-up in patients with
CUBN gene mutations are needed to understand more about
the prognosis of these patients.
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