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CASE REPORT

Expanding Phenotypic Spectrum of NUP133 Associated
Galloway-Mowat Syndrome: A Case Report
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ABSTRACT @ OPEN ACCESS

Background: Galloway-Mowat syndrome is a rare neurodevelopmental disorder characterized by the
association of central nervous system abnormalities and nephrotic syndrome. Galloway-Mowat
syndrome type 8, caused by variants in the NUP133 gene, is exceptionally rare and exhibits
considerable phenotypic heterogeneity. While developmental delay, microcephaly, and renal
involvement are recognized manifestations, congenital heart disease has rarely been reported. We
describe case of a child with developmental delay, dysmorphic features, and ventricular septal defect
without nephrotic syndrome, caused by novel missense mutations of NUP133 gene, thereby
expanding the phenotypic spectrum of disease.

Case Report: A 32-month-old female child born to non-consanguineous parents presented with severe
growth failure, global developmental delay, microcephaly, dysmorphic facial features, cleft palate,
and syndactyly. She had previously undergone surgical correction of a large peri-membranous
ventricular septal defect with atrial septal defect. Brain magnetic resonance imaging revealed cortical
atrophy with delayed myelination, while renal evaluation showed no proteinuria or evidence of
nephrotic syndrome. Whole genome sequencing identified two rare heterozygous NUP133 missense
variants [c.2134A>G (p.Arg712Gly) and ¢.2228G>T (p.Arg743Leu)], both classified as variants of
uncertain significance. The overall clinical and genetic findings were suggestive of Galloway-Mowat
syndrome type 8.

Conclusion: This case expands the phenotypic spectrum of Galloway-Mowat syndrome by demonstrating
developmental delay, microcephaly, dysmorphic features, cortical atrophy, and ventricular septal
defect in the absence of nephrotic syndrome. It highlights the clinical heterogeneity of NUP133
associated disease and emphasizes the role of genomic testing in the diagnosis of rare
neurodevelopmental disorders with atypical presentation.

Keywords: Galloway-Mowat syndrome, NUP133, developmental delay, microcephaly, ventricular
septal defect.
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Introduction

Galloway-Mowat syndrome (GAMOS) is a rare, genetically heterogeneous autosomal recessive
neurodevelopmental disorder characterized by early onset steroid resistant nephrotic syndrome and central
nervous system abnormalities, particularly progressive microcephaly, developmental delay, intellectual
disability, and structural brain anomalies’?. First described by Galloway and Mowat in 1968 in two siblings
presenting with microcephaly, hiatus hernia, and nephrotic syndrome, the syndrome has since evolved into
a clinically and genetically diverse multisystem disorder with considerable phenotypic variability®. The clinical
course is often severe, with neurological impairment and progressive renal disease contributing significantly
to morbidity and early mortality.

Advances in next-generation sequencing have substantially expanded the genetic landscape of GAMOS.
To date, pathogenic variants in several genes have been implicated, including WDR73, genes encoding
components of KEOPS complex (LAGE3, OSGEP, TP53RK, TPRKB), and nucleoporin genes such as NUP107
and NUP133*'°. These genes play a critical role in tRNA modification, protein translation, cell cycle
regulation, cytoskeletal organization, and maintenance of cellular homeostasis, highlighting the molecular
complexity underlying the disorder.> Although disruption of these pathways results in overlapping clinical
manifestations, genotype-specific differences in neurological severity, renal involvement, and survival have
increasingly been recognized.

GAMOS type 8 (GAMOS8; OMIM 618349) is caused by biallelic pathogenic variants in NUP133, located on
chromosome 1g. NUP133 encodes a highly conserved constituent of the Nup107-160 subcomplex of the
nuclear pore complex, which is essential for nucleocytoplasmic transport, nuclear envelop assembly, mitotic
spindle organization, and regulation of gene expression'". Experimental studies have demonstrated that
NUP133 is highly expressed in developing neural tissues and glomerular podocytes, providing a biological
basis for the characteristic neurological abnormalities and nephrotic syndrome observed in affected
individuals. Dysfunction of NUP133 disrupts nuclear pore assembly and cellular differentiation, leading to
impaired neuronal development and podocyte injury.

The prevalence of GAMOS remains unknown owing to its extreme rarity, and only a small number of patients
with molecularly confirmed NUP133-associated disease have been reported worldwide. The reported
phenotype includes prenatal or postnatal microcephaly, global developmental delay, intellectual disability,
hypotonia, seizures, feeding difficulties, dysmorphic facial features, cerebral malformations, and steroid
resistant nephrotic syndrome of variable onset and severity. While nephrotic syndrome has traditionally been
regarded as a defining feature of GAMOS, accumulating evidence indicates considerable phenotypic
heterogeneity. Some individuals with NUP133 variants exhibit predominantly neurological manifestations
with delayed, mild, or even absent renal involvement suggesting that the clinical spectrum is broader than
originally recognized. Furthermore, extra-renal manifestations including congenital heart defects, have only
rarely been described, and their association with NUP133 related disease remains poorly characterized.

We report a child with developmental delay, progressive microcephaly, dysmorphic facial features, and
ventricular septal defect (VSD) in the absence of nephrotic syndrome or other renal manifestations,
harbouring rare biallelic NUP133 variants. This case further expands the phenotypic spectrum of GAMOS 8
and highlights the importance of considering NUP133 associated GAMOS in children with syndromic
neurodevelopmental disorders even in the absence of the classical renal phenotype.

Case Report

A 32-month-old female child, first born to non-consanguineous parents, was admitted with respiratory
distress and fever secondary to bronchopneumonia. She was born at term gestation by cesarean section
with a birth weight of 1185 grams, length of 42 cm, and occipitofrontal circumference of 31 cm. APGAR
scores were 8/10 and 9/10 at 1 and 5 minutes, respectively. The antenatal and perinatal periods were
unremarkable. The child required NICU admission for 45 days due to very low birth weight and had facial
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dysmorphic features including microcephaly, left eye ptosis, low set ears, small ears, Cleft soft palate,
micrognathia, long philtrum, sacral dimple, and syndactyly in foot with eversion at birth.

During infancy, the child had a history of poor weight gain, feeding difficulties, and developmental delay.
There was no history of developmental regression, seizures, abnormal movements. At the age of 28 months,
the child was evaluated for poor weight gain, recurrent respiratory symptoms, and a pansystolic murmur.
Cardiac assessment, including echocardiography, revealed large peri-membranous ventricular septal defect
of 9 mm with non-restrictive atrial septal defect. The child subsequently underwent corrective surgery with
trans-atrial patch closure of VSD.

Developmental assessment revealed global developmental delay involving gross motor, fine motor,
language, and social domains. She attained standing with support at 24 months, scribbling at 20 months,
and bi-syllable language at 24 months of age. Bowel and bladder control had not been achieved at the
time of presentation. Family history was not significant for congenital anomalies, developmental disorders,
genetic diseases, renal diseases, recurrent pregnancy losses, or similarly affected relatives (Figure 1).

Ortd O

Figure 1: Pedigree of affected child with developmental delay, microcephaly, with no renal involvement.

On examination, the child weighed 5 kg (< -3 SD), measured 70 cm in length (< -3SD), occipitofrontal
circumference of 40 cm (< -3SD), and mid-upper arm circumference of 10 cm (< -3 SD). Vital signs showed
tachypnoea; blood pressure was 90/64 mm Hg. She had microcephaly, micrognathia, high arched palate
with submucosal cleft palate, left eye ptosis, slender face, pointed chin, low set ears, sacral dimple, and
syndactyly. Cardiovascular examination showed median sternotomy scar, with normal heart sounds and no
murmur. Respiratory examination revealed bilateral crackles in inframammary, axillary and infra-scapular
areas. Neurological examination demonstrated normal tone, bilateral exaggerated ankle reflex with clonus,
extensor plantar reflex. Other deep tendon reflexes were normal. Cranial nerve examination was normal
except left upper eyelid ptosis. Abdominal examination was unremarkable.

Figure 2: Clinical image of patient showing A) unilateral ptosis with long philtrum, B) Soft palate cleft, C and
D) bilateral syndactyly.
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Initial laboratory investigations showed hemoglobin of 10 gm/dL, total leukocyte count of 19,000/mm?,
platelet count of 4,16,000/mm?. Chest x ray showed bilateral opacities. Serum electrolytes, renal function
test, and liver function tests showed no abnormalities. Urine was negative for proteins, reducing substances,
and ketones. The ultrasonography of abdomen showed 5 mm bilateral renal calculi. The MRI brain showed
cortical atrophy with delayed myelination. The constellation of dysmorphic features, developmental delay,
congenital anomalies involving cardiovascular and renal systems, and abnormal examination findings raised
suspicion of an underlying single gene or chromosomal defect. Therefore, genetic evaluation was done by
chromosomal microarray and whole exome sequencing.

The chromosomal microarray was normal. Whole exome sequencing analysis identified two heterozygous
missense variants ¢.2134A>G (p. Arg712Gly) in exon 16 and ¢.2228G>T (p. Arg743Leu) in exon 17 of
NUP133 gene (as shown in Figure 2). Both variants were classified as variants of uncertain significance (VUS)
according to ACMG criteria. Subsequent parental segregation analysis demonstrated that both variants
were present in the heterozygous state in the asymptomatic mother and absent in the father. Although
definitive phase determination was not established, the overall genotype-phenotype correlation was
considered strongly suggestive of NUP133 associated GAMOSS.

1 MPIQ@ e.18 TGGAGCATGAGGAGCAAGTCITGHIGGGATGCACCTATGGATTCCAS

| 9748381_NUP133_e_16_R| mansxuxsmcuccnccf‘"ﬁ'—ii"}ﬁ
2fragment bases at o Fiio0 1120 | ) f140
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Figure 3: NUP133 variant in the patient with Galloway-Mowat syndrome type 8 showing heterozygous
missense mutation A) exon 16 and B) exon 17 of chromosome 1q.

The child received treatment for bronchopneumonia and was discharged on developmental rehabilitation,
nutritional support, cardiology follow-up for VSD, and regular nephrological surveillance to monitor for
possible future renal involvement.

Discussion

In this report, we describe a case of a child with novel heterozygous NUP133 variant who presented with
progressive microcephaly, dysmorphic facial features, ventricular septal defect, and absence of nephrotic
syndrome. This case further expands the phenotypic spectrum of NUP133-associated GAMOS8 and
highlights the marked clinical heterogeneity of this rare disorder. While our patient’s neurological
manifestations are consistent with previously reported cases, the absence of renal disease and the presence
of congenital heart disease represent atypical features that broaden the recognized clinical spectrum.

GAMOS is a genetically heterogeneous disorder caused by pathogenic variants in WDR73, components of
KEOPS complex, and nucleoporin genes including NUP107 and NUP133. Although these disorders share
the characteristic combination of neurological impairment and nephrotic syndrome, important genotype-
phenotype differences have emerged. Patients with WDR73 related disease frequently exhibit cerebellar
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atrophy and progressive neurodegeneration, whereas KEOPS-related GMAQOS is often associated with
severe microcephaly, early onset nephrotic syndrome, growth failure, and a high infant mortality rate'3.
Nucleoporin-associated GAMOS demonstrates a comparatively broader phenotypic spectrum, with
considerable variability in the onset and severity of neurological and renal manifestations .

The first molecularly confirmed cases of NUP133-associated GAMOS were reported by Fujita et al.?, who
identified a homozygous splice site variant in affected siblings presenting with congenital microcephaly,
profound developmental delay, progressive cerebral atrophy, steroid-resistant nephrotic syndrome (focal
segmental glomerulosclerosis). Functional studies demonstrated impaired interaction between NUP133 and
NUP107, resulting in defective nuclear pore complex assembly, abnormal neuronal development, and
podocyte dysfunction. A zebrafish model reproduced the human phenotype, confirming the pathogenic
role of NUP133 deficiency in both the nervous system and kidneys'.

Our patient shares several core neurological features with previously reported NUP133 cases, including
progressive microcephaly, global developmental delay, and characteristic neuroimaging abnormalities.
Brain MRl demonstrated cortical atrophy with delayed myelination, finding that have also been described in
patients with NUP133 and NUP107 mutations'". Histopathological evaluation of affected individuals has
revealed abnormal cortical lamination, impaired neuronal migration, and defective dendritic arborization,
supporting the crucial role of nucleoporins in neuronal proliferation, differentiation, and cortical organization.

A distinguished feature of our patient is the complete absence of nephrotic syndrome despite exhibiting
the characteristics neurological phenotype. Classically, GAMOS is defined by the coexistence of early onset
progressive steroid resistant nephrotic syndrome and severe neurological abnormalities. However,
increasing evidence indicates that renal involvement is more variable than previously appreciated™.
Although most patients with NUP133 mutations develop nephrotic syndrome during infancy or early
childhood, delayed onset has been reported, with some individuals developing proteinuria only after four
years of age'’. Furthermore, reports of GAMOS like syndromes have described patients with profound
neurological impairment but absent proteinuria, indicating that renal manifestations may be incomplete or
age dependant’®"?.

The absence of proteinuria in our patient may therefore represent an expanded phenotype rather than
exclusion of the diagnosis. One possible explanation is that the identified missense variants involving exon
16 and 17 preserve partial NUP133 function, thereby delaying or attenuating podocyte injury while
significantly affecting neuronal development. Alternatively, renal disease may evolve later in childhood,
emphasizing the need for long-term nephrological surveillance. Periodic monitoring of urinary protein
excretion, and renal function is therefore warranted even in patients who initially lack renal manifestations.

Another remarkable finding in our patient was the presence of a ventricular septal defect. Congenital heart
disease has not been recognized as a characteristic feature of NUP133 associated GAMOS in the limited
number of published cases, making this observation particularly noteworthy. However, a causal relationship
cannot be established from a single case, but emerging developmental studies suggest that nucleoporins
have functions extending beyond nucleocytoplasmic transport, including regulation of cell differentiation,
embryonic development, and tissue specific gene expression®. Experimental evidence has implicated
several nucleoporin proteins in cardiac morphogenesis and ciliary signalling, providing biological plausibility
for an association between nuclear pore dysfunction and congenital heart defects.

Interpretation of the molecular findings also requires caution. Clinical exome sequencing identified two rare
missense variants in NUP133 (p.Arg712Gly and p.Arg743Leu), both currently classified as variants of
uncertain significance according to ACMG criteria. Although these variants cannot independently establish
pathogenicity, several observations support their clinical relevance. First, the patient’s phenotype closely
resembles the neurological manifestations consistently reported in NUP133-associated GAMOS. Second,
both variants affect highly conserved amino acid residues within functionally important regions of the protein.
Finally, no alternative molecular diagnosis explaining the phenotype was identified. However, segregation
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analysis, functional characterization, and identification of unrelated patients carrying similar variants will be

essential to clarify their pathogenic significance and establish robust genotype-phenotype correlations.

Table 1: Clinical characteristics of present case with previously published studies.

Clinical Feature

Present case (n=1)

Fujita A et al (n=4)

Rosti R O et al. (n=5)

Age 32 months < 3 years >3 years
Gender Female Female (2/5) Female (3/5)
Consanguinity No Yes Yes
Developmental delay Yes Yes No
Speech Delay Yes - Yes
Seizures No Yes (3/4) No
Microcephaly Yes Yes Yes

Narrow forehead
Micrognathia
Low set ears

Bitemporal narrowing

N foreh
arrow forehead Micrognathia

Facial dysmorphism

Long philtrum

Eye findings Unilateral Ptosis Convergent strabismus None

. e Clinodactyly
I;xtrfemlty/SkeIetaI Syr.wdactyly Deviation of jchumb to palm Bifid thumb, Cubitus
findings Eversion of foot side

vulgus, pectus excavatum

Nephrotic syndrome No Yes Yes (3/5)
Brain MRI Cortical atrophy Cortical atrophy (2/4) -
Ventricular septal defect Yes No No
Gene NUP133 NUP133 NUP107

. c.2134A>G
Nucleotide change €2228G>T c.3335-11T>A c.303G>A

Management of GAMOS remains primarily supportive and requires coordinated multidisciplinary care
involving pediatric neurologist, nephrologists, developmental pediatricians, nutritionists, physiotherapists,
and genetic counsellors. Early developmental intervention, nutritional optimization, management of
associated comorbidities, and surveillance for complications remain the cornerstone of treatment. In
patients such as ours who initially lack renal manifestations, regular follow-up with serial urinalysis, renal
function testing is particularly important because nephrotic syndrome may develop later during childhood.
Overall prognosis depends largely on the severity of neurological impairment and the progression of renal
disease. Patients without early steroid resistant nephrotic syndrome appear to have a relatively more
favourable clinical course than those with severe infantile nephropathy, although long term outcome data
for NUP133 associated GAMOS remain limited.

Our case expands the clinical spectrum of NUP133 associated GAMOS by demonstrating that the disorder
may present with severe neurodevelopment impairment and congenital heart disease in the absence of
nephrotic syndrome. Recognition of such atypical presentations is important because reliance on the
classical triad mat delay diagnosis. Continued reporting of well characterized patients, together with
functional validation of novel variants, will improve understanding of genotype-phenotype correlations and
refine the clinical definition of this rare disorder.

Conclusion:

This report describes a child with microcephaly, global developmental delay, dysmorphic facial features,
and ventricular septal defect harbouring rare NUP133 variants suggestive of Galloway-Mowat syndrome
type 8. The absence of nephrotic syndrome and the presence of congenital heart disease broaden the
recognized clinical spectrum of NUP133 associated disease. This case highlights the importance of
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considering GAMOSS in children with unexplained developmental delay and syndromic features, even in
the absence of renal involvement, and underscores the value of genomic testing in delineating rare
neurodevelopmental disorders.

Conflicts of interest
Authors have no conflicts of interest.

Funding

None.

Acknowledgements
None.

Ethical clearance:

Ethical clearance was obtained from the Institutional Ethics Committee. A written informed consent was
obtained from parents for writing and publication of this case report.

Medical Research Archives | https://doi.org/10.18103/mra.2026.0395 8



https://doi.org/10.18103/mra.2026.03

THE EUROPEAN SOCIETY OF MEDICINE

References:
1.Vodopiutz J, Seidl R, Prayer D, et al. WDR73 Mutations Cause Infantile Neurodegeneration and Variable
Glomerular Kidney Disease. Hum Mutat. 2015;36(11):1021-1028. doi:10.1002/humu.22828

2.Jinks RN, Puffenberger EG, Baple E, et al. Recessive nephrocerebellar syndrome on the Galloway-Mowat
syndrome spectrum is caused by homozygous protein-truncating mutations of WDR73. Brain. 2015;138
(8):2173-2190. doi:10.1093/brain/awv153

3. Galloway WH, Mowat AP. Congenital microcephaly with hiatus hernia and nephrotic syndrome in two
sibs. J Med Genet. 1968;5(4):319-321. doi:10.1136/jmg.5.4.319

4. Arrondel C, Missoury S, Snoek R, et al. Defects in t6A tRNA modification due to GON7 and YRDC mutations
lead to Galloway-Mowat syndrome. Nat Commun. 2019;10(1):3967. doi:10.1038/s41467-019-11951-x

5.Braun DA, Shril S, Sinha A, et al. Mutations in WDR4 as a new cause of Galloway-Mowat syndrome. Am J
Med Genet A. 2018;176(11):2460-2465. doi:10.1002/ajmg.a.40489

6.Braun DA, Rao J, Mollet G, et al. Mutations in KEOPS-complex genes cause nephrotic syndrome with
primary microcephaly. Nat Genet. 2017;49(10):1529-1538. doi:10.1038/ng.3933

7.Mann N, Mzoughi S, Schneider R, et al. Mutations in PRDM15 Are a Novel Cause of Galloway-Mowat
Syndrome. J Am Soc Nephrol. 2021;32(3):580-596. doi:10.1681/ASN.20200404%0

8.Colin E, Huynh Cong E, Mollet G, et al. Loss-of-Function Mutations in WDR73 Are Responsible for
Microcephaly and Steroid-Resistant Nephrotic Syndrome: Galloway-Mowat Syndrome. Am J Hum Genet.
2014,95(6):637-648. doi:10.1016/j.ajhg.2014.10.011

9. Fujita A, Tsukaguchi H, Koshimizu E, et al. Homozygous splicing mutation in NUP13 3 causes Galloway-
Mowat syndrome. Ann Neurol. 2018;84(6):814-828. doi:10.1002/ana.25370

10. Rosti RO, Sotak BN, Bielas SL, et al. Homozygous mutation in <em>NUP107</em> leads to

microcephaly with steroid-resistant nephrotic condition similar to Galloway-Mowat syndrome. J Med Genet.
2017;54(6):399. doi:10.1136/jmedgenet-2016-104237

11. Walther TC, Alves A, Pickersgill H, et al. The Conserved Nup107-160 Complex Is Critical for Nuclear
Pore Complex Assembly. Ce/l. 2003;113(2):195-206. doi:10.1016/50092-8674(03)00235-6

12. Yang YL, Lee HF, Chi CS, Tsai CR, Liu SN, Wu PY. Refining the Phenotypic and Genotypic Spectrum of
WDR73-Related Galloway-Mowat Syndrome: A Case Series and Systematic Review. Neuro/ Genet. 2025;11
(4):200280. doi:10.1212/NXG.0000000000200280

13. Braun DA, Rao J, Mollet G, et al. Mutations in KEOPS-complex genes cause nephrotic syndrome with
primary microcephaly. Nat Genet. 2017;49(10):1529-1538. doi:10.1038/ng.3933

14. Miyake N, Tsukaguchi H, Koshimizu E, et al. Biallelic Mutations in Nuclear Pore Complex Subunit
NUP107 Cause Early-Childhood-Onset Steroid-Resistant Nephrotic Syndrome. Am J Hum Genet. 2015;97
(4):555-566. doi:10.1016/j.ajhg.2015.08.013

15. Yao L, Li Y, Wang P, Xu C, Yu Z. Nucleoporin-associated steroid-resistant nephrotic syndrome. Pediatr
Nephrol. 2025;40(3):629-649. doi:10.1007/s00467-024-06494-3

16. Cianciolo Cosentino C, Berto A, Pelletier S, et al. Moderate Nucleoporin 133 deficiency leads to
glomerular damage in zebrafish. Sci Rep. 2019;9(1):4750. doi:10.1038/s41598-019-41202-4

17. Nakazato H, Hattori S, Karashima S, et al. Another Autosomal recessive form of focal glomerulosclerosis
with neurological findings. Pedliatr Nephrol. 2002;17:16-19.

18. Lipska-Zietkiewicz BS, Ozaltin F, Holtta T, et al. Genetic aspects of congenital nephrotic syndrome: a
consensus statement from the ERKNet—ESPN inherited glomerulopathy working group. Eur J Hum Genet.
2020;28(10):1368-1378. doi:10.1038/s41431-020-0642-8

19. Huang L, Wang Y, Zhang Y, Fu H, Mao J. Genetics and phenotypic heterogeneity of Galloway-Mowat
syndrome. Cell Commun Signal. 2025;23(1):289. doi:10.1186/512964-025-02307-8

Medical Research Archives | https://doi.org/10.18103/mra.2026.0395 9



https://doi.org/10.18103/mra.2026.03

THE EUROPEAN SOCIETY OF MEDICINE

20. Burdine RD, Preston CC, Leonard RJ, Bradley TA, Faustino RS. Nucleoporins in cardiovascular disease.
J Mol Cell Cardiol. 2020;141:43-52. doi:10.1016/j.yjmcc.2020.02.010

Medical Research Archives | https://doi.org/10.18103/mra.2026.0395 10



https://doi.org/10.18103/mra.2026.03

