The Turkish Journal of Pediatrics 2025; 67: 581-589

https://doi.org/10.24953/turkjpediatr.2025.5780 Case Report

A pediatric-onset case of chronic kidney disease caused by a
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ABSTRACT

Background. The a-actinin-4 (ACTN4) gene encodes an actin-binding protein, which plays a crucial role in
maintaining the structure and function of podocytes. Previous studies have confirmed that ACTN4 mutations
can lead to focal segmental glomerulosclerosis-1 (FSGS1), a rare disease primarily manifesting in adolescence
or adulthood, characterized by mild to moderate proteinuria, with some cases progressing slowly to end-stage
renal disease.

Case Presentation. We report a 12.5-year-old boy who presented with non-nephrotic range proteinuria,
hyperuricemia, markedly reduced bilateral kidney volume, and stage 3 chronic kidney disease (CKD). An
ophthalmic examination revealed optic disc dysplasia in the right eye. The results of whole-exome sequencing
revealed a de novo variant in the ACTN4, a previously unreported variant.

Conclusions. We reported a novel sporadic ACTN4 variant and reviewed previously reported cases. Through
analysis of the genotypes and clinical phenotypes of reported cases, we found that ACTN4 variants may not
always present as FSGSI1, and there was significant phenotypic heterogeneity among individuals. Notably,
mutations affecting residues 260-265 are associated with collapsing glomerulopathy and rapid progression to
end-stage kidney disease in prior studies, whereas the p.Ala278del variant in our case, located outside this
region, exhibited stable CKD3. This suggests domain-specific genotype-phenotype correlations. However,
this association requires further validation through additional cases and experiments. Our findings may have
significant implications for clinical diagnosis, prognosis assessment, and scientific research on kidney diseases
related to ACTN4 variants.
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With the continuous development of genomics
research, a deeper understanding has been
gained of renal diseases caused by monogenic
inheritance. Research has found that up to 30%
of patients with steroid-resistant nephrotic
syndrome are caused by monogenic diseases.'
The a-actinin-4 (ACTN4) gene is located on
human chromosome 19 and is involved in
encoding the cytoskeleton and actin-binding
protein ACTN4. It is crucial for maintaining

podocytes’ normal structure and function.
Additionally, variants in ACTN4 have been
confirmed as a monogenic cause of steroid-
resistant nephrotic syndrome.*?

It has been confirmed that mutations in ACTN4
can lead to autosomal dominant focal segmental
glomerulosclerosis-1 (FSGS1), a rare disease
with a relatively high probability of familial
occurrence. Omnset wusually occurs during
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adolescence or later and is characterized by
mild to moderate proteinuria accompanied by
renal dysfunction, with some cases progressing
slowly to end-stage kidney disease (ESKD).2
Currently, there are approximately 107 reported
cases of renal disease caused by ACTN4
mutations, including 28 mutation types.''®
Since Kaplan et al. first reported in 2000, it
has been generally considered that ACTN4
mutations are associated with FSGS1. However,
in recent years, there have been reports of
sporadic ACTN4 variants.**° Here, we report a
case of sporadic ACTN4 variant causing chronic
kidney disease (CKD) in a child. The variant in
this case has not been reported previously, and
this patient is currently the only reported case
with concurrent ocular lesions. Our case report
and literature review may have expanded the
phenotypic and genotypic spectrum associated
with ACTN4 variants. We also identified a
potential correlation between genotype and
phenotype. Moreover, some of our findings
require further validation through additional
cases and functional studies, thereby providing
new directions for future research on ACTN4-
related disorders.

Case Presentation

A 12.5-year-old boy presented to our hospital
due to persistently elevated serum creatinine
and uric acid levels over one year, during
which no specific treatment was administered.
He did not present any manifestations such
as hematuria, foamy urine, enuresis, oliguria,
urinary frequency, urgency, edema, rash, or
pallor. The patient had no significant past
medical history. His father had hyperuricemia
managed with febuxostat, though specific pre-
treatment uric acid levels were unavailable
due to incomplete medical records. No
abnormalities were found in the father’s
urine routine examination, and his estimated
glomerular filtration rate (eGFR), calculated
using the CKD-EPI equation, was within
the normal range (90-120 mL/min/1.73 m?).

582

Turk ] Pediatr 2025; 67(4): 581-589

Moreover, there is no history of consanguineous
marriage or other family history. There were no
apparent abnormalities in the boy’s physical
examination. A 24-hour proteinuria of 9.5 mg/
m2/hour was detected, consistent with non-
nephroticrange proteinuria. Renal function tests
showed elevated serum creatinine (maximum
1.5mg/dL) and uric acid (maximum 11.6 mg/
dL) levels. The patient’s eGFR, calculated using
the Schwartz formula, was 59 mL/min/1.73
m?, consistent with CKD stage 3a according to
the KDIGO 2024 Clinical Practice Guideline."”
Ultrasonography of the urinary system revealed
significant bilateral renal volume reduction
(right kidney 7.7 x 3.5 x 3.1 cm, left kidney 8.3 x
3.8 x 3.6 cm) with enhanced echogenicity of the
renal parenchyma. Ophthalmic examination
revealed refractive errors and right optic
disc dysplasia. The patient exhibited no
clinical features suggestive of systemic lupus
erythematosus (SLE). Serological testing showed
no evidence of SLE-associated autoantibodies
or hypocomplementemia. Screening tests for
blood lipids, blood glucose, serum albumin,
coagulation function, immunological disorders,
and infectious diseases (such as hepatitis B,
tuberculosis, and human immunodeficiency
virus) showed no abnormalities. Malignancy
was excluded through tumor markers and
chest-abdomen-pelvis computed tomography
scans.

Considering the insidious onset of the patient’s
condition and the absence of apparent triggers
leading to CKD3, along with his father’s
hyperuricemia, further genetic examination
was conducted. Genomic DNA was extracted
from the proband and parents using the Qiagen
Blood DNA Mini Kit (Qiagen, Germany).
Whole-exome  sequencing  (WES)  was
performed by MyGenostics (Beijing, China)
using the GenCap® Exome Enrichment V6.0
probe (51 Mb target region, covering ~23,000
genes). Sequencing was conducted on an
Illumina NovaSeq 6000 platform with 200x
mean coverage depth, ensuring >99% of target
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regions achieved >20x coverage. Raw reads
were filtered using CutAdapter to remove low-
quality sequences. Clean reads were aligned
to the GRCh37/hgl9 reference genome using
BWA. GATK was used for single nucleotide
variation and inserts and deletions. Variants
were annotated using ANNOVAR and filtered
against population databases (1000 Genomes,
Exome Variant Server, ExXAC) with a minor
allele frequency <0.1%. SIFT, PolyPhen2,
MutationTaster, and GERP were used for in
silico analysis.

WES revealed a novel heterozygous variant
in ACTN4 (NM_004924.6:c.832_834del,
p-Ala278del). In silico tools (SIFT, PolyPhen2,
MutationTaster, and GERP) predicted uncertain
significance for the p.Ala278del variant. The
variant was highly associated with the patient’s
clinical phenotype, and no other variants related
to the patient’s phenotype were detected. His
parents do not have variants at this locus or
any other variants. The variant is considered
to be a de novo variant in the patient (Fig. 1).
According to the standards of the American
College of Medical Genetics and Genomic,
this variant is classified as likely pathogenic
(PS2+PM2_Supporting+PM4)."8

Over 18 months of follow-up, the patient’s renal
function remained stable with persistent non-
nephrotic proteinuria. No corticosteroids or
immunosuppressive agents were administered,
as clinical progression was indolent and genetic
testing indicated an ACTN4 variant associated
with steroid resistance. Informed consent for
publication was obtained from the patient’s
legal guardian.

Discussion

Podocytes serve as critical structures
maintaining the renal filtration barrier.
Mutations in ACTN4 can cause podocyte
dysfunction, thereby initiating the development
of CKD. Kos et al. found that knockout mice
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lacking the ACTN4 showed disappearance
of foot processes and reduced expression of
ACTN4 in podocytes. Most knockout mice died
around the perinatal period while surviving
mice exhibited proteinuria and FSGS." This
indicates the crucial role of ACTN4 in renal
function. Actin in podocytes is crucial for
the construction and maintenance of the
cytoskeleton. ACTN4 encoded by the ACTN4 is
an actin-binding protein primarily localized to
the foot processes, playing a significant role in
regulating the actin cytoskeleton of podocytes.
Studies have indicated that mutations in ACTN4
lead to the mislocalization of the encoded
protein and the formation of intracellular
aggregates. This results in instability of the
formed ACTN4, increased affinity with actin,
and reduced dissociation and degradation rates,
ultimately disrupting the actin cytoskeleton in
podocytes.>**11% Consequently, mutations in
ACTN4 disrupt podocytes’ normal structure
and function, causing renal disease.

We reviewed previously reported and
clinically significant cases with ACTN#4 variants
(Supplementary Table I). A systematic search
of PubMed and Google Scholar was performed
using the terms “ACTN4 AND mutation” and
“ACTN4 AND variant”. Articles were restricted
to those published in the English language.
Studies were included if they (1) confirmed
ACTN4 variants via genetic testing, (2) provided
renal manifestations, and (3) excluded non-
human or phenotype-unclear cases. A total
of 107 cases (including ours) were eligible
for analysis. Previously, our understanding
of renal disease caused by ACTN4 variants
mainly focused on the development of FSGSI,
characterized by familial aggregation, and
later onset (mainly in adolescents or adults),
with some cases progressing slowly to ESKD.??
However, through a comprehensive review of
the clinical characteristics of previously reported
cases, particularly considering some newer
reports in recent years involving phenotypes
different from those previously described, we
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Fig. 1. Sanger sequencing of the proband and his parents.
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Fig. 2. The structure diagram of ACTN4, along with the reported variant sites.

found that ACTN4 variants may not solely
manifest as FSGS1, and there is significant
heterogeneity in individual clinical phenotypes.
It mainly includes the following aspects: 1.
Variants may not always be inherited within
families. Among the 107 reported cases: 18 were
sporadic; 3 had unknown family history; and
the remaining 86 were familial."***"® The 18
sporadic cases had no family history of renal
disease, with onset age ranging from 3.7 to 17
years old, mainly presenting with proteinuria or
nephrotic syndrome, almost all progressing to
ESKD. 2. Some patients developed the disease
before adolescence (10 cases occurred before
adolescence, with the youngest onset age being
three years old).*>>7%!" 3. There were patients
with rapid progression (nine cases progressed
to ESKD within three years of onset, with one
case progressing to ESKD within six months).
4. Patients with childhood-onset disease
progressed to ESKD more rapidly than those
with adult-onset disease.'?#81012 However, the
mechanisms underlying the heterogeneity of
clinical phenotypes remain unclear and warrant
further investigation.

ACTN4 comprises three main structural
domains: 1. The N-terminal actin-binding
domain (ABD), which comprises two calponin-
homology (CH) domains; 2. The spectrin domain
(composed of four repeat sequences); 3. A pair
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of C-terminal EF-hands.?’ We have listed the
amino acid sequence positions on the ACTN4
protein corresponding to the reported variant
sites (Fig. 2). It can be observed that variants
reported so far are more common in the ABD
region. At the same time, there are fewer reports
of mutations in the spectrin domain. To date,
six cases of mutations in the spectrin domain
have been reported, all in Asian populations:
five Chinese (including the present case) and
one Japanese.>” It suggests that the spectrin
domain may be a hotspot variant region in
Asian populations. While this clustering could
suggest ethnic-specific factors, current evidence
is insufficient to confirm a biological basis.
Larger multi-ethnic cohorts and functional
studies are needed to distinguish technical
biases (e.g., regional diagnostic practices) from
true genetic predisposition.

Review of reported ACTN4 mutations
(Supplementary Table I) reveals a potential
genotype-phenotype correlation: Pathogenic
mutations within residues 260-265 (e.g.,
p-Ser262Phe, p-Val261Glu, p-Tyr265His,
p-Tyr260_Ser262del [denoting deletion of
residues Tyr260 through Ser262]; cases
9, 11, 13, 14, 21, 25, 30 in Supplementary
Table I) are strongly associated with collapsing
glomerulopathy and rapid progression to ESKD
(0.5-3 years), asdocumented in prior studies.**!2
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For example, Kakajiwala et al. described a child
with p.Ser262Phe who progressed to ESKD
within six months®, while Feng et al. reported
a p.Tyr265His variant linked to collapsing
lesions and ESKD in six months."? In contrast,
our patient’s novel p.Ala278del variant, located
outside this region, presented with stable CKD3
over 18 months, suggesting that mutation
position may modulate phenotypic severity.
We hypothesize that the 260-265 region, which
overlaps with the actin-binding domain, may
be critical for cytoskeletal stability, and variants
here could disrupt actin dynamics more
severely than those in other domains. This
effect likely arises because slower degradation
of ACTN4-actin complexes in these variants
leads to abnormal protein clumps inside
podocytes. These aggregates destabilize the
cytoskeleton, accelerating disease progression."
However, confirming such an association
between genotype and phenotype necessitates
further investigation with additional cases and
experimental validation in the future. Moreover,
the limited clinical data on mutations in other
domains (e.g., spectrin domain) precludes
a systematic comparison of domain-specific
phenotypic differences. Future studies with
larger cohorts and functional validation are
needed to confirm whether mutation location
directly dictates clinical severity.

Due to the similarity in development, structure,
and physiology between the kidneys and eyes,
ocular involvement is relatively common in
hereditary renal diseases.”>* To our knowledge,
this is the first reported case associating an
ACTN4 variant with ocular manifestations.
Retina, lens, and ocular muscle abnormalities
have been observed in mouse models with
ACTN4 variants* Human Protein Atlas
showing low but detectable ACTN4 expression
in human retina. While ACTN4 is primarily
characterized in podocytes, its potential role
in ocular tissues remains speculative. This case
highlights the phenotypic expansion of ACTN4-
related disorders, though the causal link
between the variant and ocular manifestations
has yet to be established. Future studies could
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validate the ocular localization of ACTN4 and
explore whether this variant exerts pleiotropic
effects beyond the kidney.

Previously reported cases of ACTN4 variants
with clinical treatment outcomes, except for
two cases with variants occurring at splice
sites®, all were resistant to steroids. In the
patient Odenthal et al. reported, proteinuria
was significantly alleviated upon initial use
of cyclosporine. It may be attributed to the
impact of such immunosuppressive agents on
the cytoskeleton and attenuation of immune
response. The study suggests that cyclosporine
may help delay renal replacement therapy or
renal transplantation.! While this suggests a
potential role for cytoskeletal modulation, its
applicability to ACTN4-related nephropathy
remains unproven. Importantly, cyclosporine’s
nephrotoxicity risk necessitates cautious patient
selection. Further studies are needed to define
its utility in ACTN4-related disorders.

As the significantly reduced bilateral kidney
volume observed in the patient upon
presentation and the heightened risk of renal
biopsy-related bleeding, coupled with the
manifestation of sclerosing nephropathy in
most cases, renal biopsy was not performed
in the case we reported. The patient presented
with persistent proteinuria accompanied by
renal insufficiency without a significant family
history. However, genetic testing revealed a
novel variant in the ACTN4. It suggests that
patients with unexplained CKD may harbor
genetic abnormalities despite lacking a clear
family history of renal disease. Therefore,
physicians should not refrain from genetic
testing simply because patients lack a family
history of renal disease. For patients who cannot
undergo renal biopsy, genetic testing not only
aids in making a definitive diagnosis but also
guides treatment and facilitates planning for
future renal transplantation. Our summary
of previous cases shows that the majority of
patients were steroid-resistant. Additionally,
the probability of monogenic diseases in
steroid-resistant nephrotic syndrome patients is
not low. Early genetic testing for such patients
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can help avoid excessive use of corticosteroids.
Hence, genetic testing methods are necessary to
assist clinicians in disease management.

This study has limitations, as functional
validation of the p.Ala278del variant was not
conducted. Moreover, the variant’s uncertain
prediction by in silico tools likely stems from
their limited training data for in-frame deletions.
However, the following aspects might support
its pathogenicity: this variant is de novo and has
not been detected in the parents or population
databases; the patient’s clinical presentation is
consistent with ACTN4-related nephropathies;
and this variant meets the criteria for ‘likely
(PS2+PM2_Supporting+PM4).
could prioritize

pathogenic’

Future studies in vitro
assays and structural modeling to confirm its

pathogenic mechanism.

To the best of our knowledge, this is the first
clinical report of a pediatric patient harboring
a novel sporadic ACTN4 variant presenting
with CKD3 and concurrent ocular involvement.
While murine models and low-level retinal
ACTN4 expression suggest plausible biological
links between ACTN4 dysfunction and
ocular phenotypes, the causal relationship
in humans remains speculative. This case
highlights the potential phenotypic expansion
of ACTN4-related disorders and underscores
the need for functional studies to validate
ocular pathogenicity mechanisms. Moreover,
our literature review reveals phenotypic
heterogeneity in ACTN4-related nephropathies
and potential genotype-phenotype correlation.
These findings are essential for clinical
diagnosis, treatment, and prognosis assessment
and provide direction for future research on

this disease.
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