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Abstract

Knobloch Syndrome (KS) is a rare genetic disorder characterized by ocular abnormalities and
central nervous system (CNS) defects, which are attributed to collagenopathy. The primary
gene implicated in KS is COL18A1, which encodes the alpha chain of type XVIII collagen. This
type of collagen functions as a proteoglycan, predominantly located in the basement
membrane of human tissues. This study examined an lIranian female presenting with
symptoms of horizontal nystagmus, strabismus, and suspected vision loss, with a potential
diagnosis of KS. Genomic DNA was subjected to whole-exome sequencing (WES). The
identified pathogenic variant was subsequently confirmed using Sanger sequencing. The
impact of the identified pathogenic variant on the structure of COL18A1 was assessed using |-
TASSER. Analysis of WES data revealed two pathogenic compound heterozygous variants,
c.2416C>T (p.Arg806Ter) and ¢.1698delC (p.Gly567AspfsTer45), in exons 7 and 16,
respectively, of the COL18A1 (NM_030582) gene. Furthermore, a standard literature review
of clinical data highlighted the heterogeneity of phenotypic manifestations, ranging from mild
ocular abnormalities to severe neurodevelopmental impairments. This study and literature
search offer valuable insights into the genetic landscape of KS, thereby expanding our
understanding of the disease and its clinical implications. The identification of novel variants
in key genes sheds light on the underlying molecular mechanisms and potential therapeutic
targets.
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1. Introduction

Defects in collagen genes can cause various collagenopathies. Collagen is essential for
establishing connective tissues and acts as a signaling molecule. So far, 28 different types of collagen
have been identified in the human body [1]. Therefore, the pathogenic variants of these genes can
affect multiple organs.

Knobloch Syndrome (KS) (OMIM: 267750) is a rare collagenopathy that was first reported by
Knobloch and Layer. It is mainly caused by a biallelic pathogenic variant of COL18A1, which is
associated with retinal detachment and encephalocele [2]. Ocular manifestations in the posterior
and anterior segments can be irregular, including lens subluxation, high myopia, smooth irides
(iridodonesis), early-onset cataracts, retinal detachment, vitreoretinal degeneration, and retinal
degeneration with severe cone-rod dystrophy [3, 4]. Patients also commonly experience non-
ophthalmic symptoms such as brain defects (polymicrogyria and Dandy-Walker Malformation), mid-
face hypoplasia, occipital changes (encephalocele, cutis aplasia, bone defects), micrognathia, flat
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nasal bridge, hyperextensible joints, early onset renal failure, associated with increased creatinine
levels and ultrastructural changes in the basement membrane of the kidney, as observed in
COL18A1-deficient mice [5, 6], lung hypoplasia, epilepsy, high arched palate, dental abnormalities
[7], and delayed skin healing due to dysfunction of the dermal-epidermal junction during wound
healing [8].

The COL18A1 gene, found on chromosome 21g22.3, plays a key role in connecting the eye's inner
limiting membrane to the vitreous fibrils. It encodes the alpha chain of collagen type XVIII, a
proteoglycan with multiple functions commonly found in the basement membrane of human tissues
[9]. Furthermore, it has been identified that the COL18A1 protein, upon proteolytic cleavage,
generates endostatin, which serves as an inhibitor of endothelial cell proliferation, migration, and
angiogenesis [10]. COL18A1 comprises three distinct isoforms, which vary in their N-terminal non-
collagenous domain, length, and tissue distribution. These isoforms are produced through
alternative promoter usage and splicing mechanisms [11]. The long isoform is involved in
maintaining the structure of the human eye. In contrast, the short isoform appears to play a crucial
role in neural migration, eye structure, and neural tube closure during embryogenesis [12]. A ‘delay
in ocular developmental regression’ refers to the prolonged retention of transient embryonic ocular
structures, such as the hyaloid vasculature, which typically dissolve during postnatal maturation.
For instance, in COL18A1-deficient mice, this delay disrupts the timely remodeling of blood vessels,
which is essential for normal visual development [13].

This study aimed to examine a patient experiencing vision problems through the application of
whole-exome sequencing (WES) to identify underlying genetic pathogenic variants. This study
aimed to establish a comprehensive understanding of the genotypic and phenotypic spectrum
associated with KS, with a particular emphasis on ocular manifestations and non-ophthalmic
symptoms, through a standardized literature review. The findings of this study will contribute to
expanding our knowledge about KS and its underlying genetic mechanisms.

2. Materials and Methods
2.1 Clinical Report

The patient was a 10-year-old female who presented with symptoms of horizontal nystagmus,
strabismus, and suspected vision loss. The patient’s parents were non-consanguineous, and she was
the only known individual with this condition in her family, with no similar clinical signs observed in
other family members (Figure 1a).
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Figure 1 The schematic pedigree of the proband’s family and Sanger Sequencing findings.
a) The pedigree was depicted by using a user-friendly online Invitae family history tool
(https://familyhistory.invitae.com/). The red color indicates KS. b) Frameshift
pathogenic variant in the exon 7; and ¢) Premature stop codon in the exon 16.

2.1.1 Prenatal and Birth History

The patient was delivered via cesarean section at 38 weeks of gestation, with a birth weight of
2800 grams and a length of 50 cm, both within the normal range for the gestational age. Her head
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circumference was normal. The patient's mother was hospitalized for one week due to a
gynecological infection during pregnancy.

2.1.2 Early Infancy (1 Month to 7 Months)

The signs began at the age of one month, initially presented with horizontal nystagmus, which
later became associated with strabismus. Initial neonatal examinations were normal, and the
patient had a normal appearance. At seven months of age, she was observed to have persistent
symptoms of horizontal nystagmus and strabismus, raising concerns about potential vision loss.

2.1.3 Childhood (Up to 5 Years)

Throughout her early childhood, the patient neither exhibited any motor or learning difficulties
nor had any speech disorders. However, she experienced joint laxity until the age of 5. There was
no history of renal or skin disorders, and the patient had no history of seizures. Ocular signs showed
a brief improvement over time.

2.1.4 Age 6 Years

At the age of 6, the patient began taking L-carnitine and vitamin B1. The reason for administering
these supplements is not explicitly linked to the diagnosis of mitochondrial disorders in the context
provided.

2.1.5 Current Status (Age 10 Years)

At the age of 10, the patient presented with eye deviation and persistent horizontal nystagmus,
accompanied by a high degree of nearsightedness (high myopia). The patient’s clinical features
included horizontal nystagmus, high myopia, visual loss, hypermobile joints, and strabismus. There
was no significant family history of similar symptoms.

2.2 Compliance with Ethical Standards

All procedures performed in this study involving human participants were in accordance with the
ethical standards of the Arak University of Medical Sciences and with the 1964 Helsinki Declaration
and its later amendments or comparable ethical standards. The study was approved by the Medical
Ethics Committee of Arak University of Medical Sciences (Approval no: IRRARAKMU.REC.1401.116).
Written informed consent was obtained from the patient’s parents to publish this report in
accordance with the journal's patient consent policy.

2.3 DNA Extraction

The salting-out procedure [14] was used to extract genomic DNA from 10 mL of peripheral blood
samples obtained from the proband and her mother. A NanoDrop 1000 spectrophotometer
(Thermo Fisher Scientific, Inc., Wilmington, DE, USA) was used to assess the concentration and
quality of genomic DNA.
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2.4 Whole Exome Sequencing (WES)

The lllumina HiSeq4000 platform produced 101-bp paired-end reads for WES on the genomic
DNA of the proband. The SureSelectXT2 V6 kit was used to enrich the exonic and surrounding exon-
intron border areas. Raw sequencing data (approximately 100 gigabases) were aligned to the human
reference genome (GRCh37/hg19) using Burrows-Wheeler Aligner (BWA) [10]. The Picard tool (v.
1.118) eliminated the polymerase chain reaction (PCR) duplicates. Sequencing covered more than
95% of the targeted regions with a sensitivity of over 99% and a mean coverage of 100x. The
Genome Analysis Toolkit (GATK v 3.7) called variants, and the ANNOVAR program annotated them.
Variants were identified using a minor allele frequency of 0.01 in databases such as the 1000
Genomes Project, dbSNP 138, NHBL Exome Variant Server (EVS), ESP6500, and Iranome. Additional
filtering based on pathogenic variant pathogenicity and impact, prevalence in the public population,
clinically relevant variant databases, and known associations with the phenotype was performed
according to the literature. The variants were prioritized based on their phenotypic plausibility.

2.5 Sanger Sequencing

Sanger sequencing verified the pathogenic variants in the proband. The c.2416C>T was also
assessed in the mother of the proband for segregation analysis. The ABI Sequencer 3500XL PE and
BigDye Terminator v3.1 Cycle Sequencing Kit (Life Technologies; Thermo Fisher Scientific, Shanghai,
China) were used for Sanger sequencing (Applied Biosystems, CA, USA). Standard procedures were
followed for PCR amplification, product purification, and Sanger sequencing. Specific primers
targeting exons 7 and 16 of the COL18A1 locus and its flanking intronic regions were designed using
the Primer3 Web-based server. The quality and specificity of the designed primers were checked
using the OligoAnalyzer Tool and NCBI primer BLAST, respectively (Table 1).

Table 1 The sequence of designed primers that were used in this study.

COL18A1-EX7F  CCGAGCCCTGTGTTCTGTTTATTC
COL18A1-EX7R  AGCAACGGTGGGCCTAAGGA
COL18A1-EX16F GAATGAGCTGACCCGAGAC
COL18A1-EX16R TCCGAAGAACAAGGGTGGC

Exon 7

Exon 16

The acquired sequences were aligned with the reference sequence in GenBank using Chromas
Lite software (Technelysium Pty Ltd., Australia) and CodonCode Aligner v.8.0.2. In silico tools,
including BayesDel_addAF, MutationTaster2, FATHMM software, and DANN, were utilized to
evaluate the pathogenicity of the identified variants.

2.6 Prediction of Protein Structure Using I-TASSER

The entire COL18A1 protein sequence was introduced into Iterative Threading ASSEmbly
Refinement (I-TASSER) to predict the protein structure and structure-based functions. Similarly, the
sequence of the frameshifted protein was introduced into I-TASSER to compare the wild type and
its mutated counterpart. Pymol 2.5.4 visualized the predicted structures.
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2.7 Compiling Reported Cases of KS Molecularly and Clinically

An extensive literature search compiled all reported cases of KS, both molecular and clinical.
Multiple electronic databases, including PubMed, ClinVar, and OMIM, were systematically searched
for relevant keywords and MeSH terms. The search included studies published in English up to July
2024 and studies reporting on patients with a confirmed diagnosis of KS, focusing on pathogenic
variants in the COL18A1 gene and their corresponding phenotypes. The exclusion criteria were
studies unrelated to KS or insufficient molecular or clinical information. Two independent reviewers
screened titles, abstracts, and full texts to select relevant studies. Discrepancies were resolved
through consensus or consultation with a third reviewer. Information obtained from the selected
studies included demographic information, clinical manifestations, identified pathogenic variants in
the COL18A1 gene, and outcomes. These standard literature reviews create an overview of KS-
reported cases in terms of molecular findings and clinical characteristics, as presented in Table 2.
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Table 2 Overview of molecular findings and clinical characteristics of the reported cases of KS.
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3. Results

The latest literature review, which introduces a new case of a unique variant in the COL18A1
gene associated with KS, was included in this study. Seventy-one patients from previous studies,
including our research, were identified (Table 2), with 47 reported variants in COL18A1. Among
these variants, the truncating pathogenic variant c.4759_4760delCT was more prevalent in seven
families. The data indicated that there were 31 female individuals, including our case, and 40 male
individuals.

The analysis revealed a diverse distribution of COL18A1 variants across different nationalities,
with the highest representation from Arabic (18), Chinese (13), Turkish (5), and British (5)
populations. Other nationalities represented include Indian (4), Belgian (3), Northern European (3)
Pakistani (2), Palestinian (2), Slovak (2), El Salvadorean (2), African (1), Afghan (1), Spanish (1), Jewish
(1), Chilean (1), Persian (1), and Algerian (1) Additionally, there are 5 cases with unspecified or
missing nationality information (NA). Zygosity analysis indicated that the majority of patients
exhibited a homozygous state for the identified gene variants, with 57 cases being mutant
homozygous. Compound Heterozygous variants were detected in 14 patients.

The variants were classified into different pathogenic variant types. Nonsense pathogenic
variants were the most prevalent, followed by missense and non-coding pathogenic variants. The
classification of variants into different pathogenicity categories highlighted a significant number of
pathogenic and likely pathogenic variants (28 pathogenic and 11 likely pathogenic), emphasizing
their deleterious effects on KS.

KS is caused by homozygous or compound heterozygous pathogenic variants in the COL18A1 and
is characterized by both ophthalmic and non-ophthalmic clinical presentations. The presence of
family history and consanguinity in affected families is consistent with this pattern of inheritance.

Genetic counseling is vital in light of these findings. Furthermore, the coexistence of
comorbidities such as infection, proteinuria, hypoalbuminemia, and various other manifestations
underscores the intricate multisystem involvement and complexity associated with KS.

In the present study, a total read base of 6.8 million bp was gathered for one case using WES.
The proband had approximately 86000 variations. Variants with a lower frequency of 1% regarding
gnomAD, 1K genome projects, EXAC, and ESP were selected for further study; consequently, 700
variants remained for further consideration. The causative variants, identified by their presence in
the HGMD and ClinVar databases, were further assessed for conservation and pathogenicity using
tools such as PhastCons100way, PhyloP100way, SiPhy29way, fitCons-gm, statistics, and various
BayesDel and MutationTaster models (Table 3).
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Table 3 The pathogenicity and conservation score according to online databases.

. . Zygosity - .
Variant Location Allele Frequenc Pathogenicit Conservation
Proband Father Mother q v & v
gnomAD: NR BayesDel noAF: NR PhyloP100way: -0.315
1K genome: NR BayesDel addAF: NR PhastCons100way: 0.000
EXAC: NR FATHMM-MKL: NR fitCons-gm: NR
NM_030582.4: COL18AI: Iranome: NR MutationTaster: NR SiPhy29way: NR
c.1698del ’ ESP 6500: NR EIGEN: NR Bstatistic: NR
chr:21; Het NR Hom (WT)
(p.Gly567 TOPMed Bravo: NR
g45477899 )
AspfsTer45) GME Variome: NR
4.7KJPN: NR
GenomeAsia: NR
Mexican DB: NR
gnomAD: 0.0000131 BayesDel noAF: Damaging  PhyloP100way: -0.511
1K genome: NR BayesDel addAF: Damaging PhastCons100way: 0.000
ExAC: NR FATHMM-MKL: Neutral fitCons-gm: 0.5881
MutationTaster:
Iranome: NR . ) . SiPhy29way: 11.3059
NM_030582.4): COL18A1; Disease causing automatic
c.2416C>T chr:21; Het NR Het ESP 6500: NR EIGEN: Benign Bstatistic: 641
(p.Arg806Ter)  g45487489 TOPMed Bravo: 0.000011

GME Variome: NR
4.7KJPN: NR
GenomeAsia: NR
Mexican DB: NR

Het: Heterozygous; Hom: Homozygous; NR: not reported.
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The pathogenicity ranking of homozygous/compound heterozygote variants, considering the
non-consanguinity of the parents, prioritized splicing region, stop gain, and frameshift pathogenic
variants, followed by the assessment of amino acid changes for nonsynonymous pathogenic variants.
WES analysis identified two compound heterozygous variants in the COL18A1 gene: the ¢.2416C>T
(p.Arg806Ter) variant, which was inherited from the mother, and the c¢.1698delC
(p.Gly567AspfsTer45) variant, for which the inheritance status is unknown due to the unavailability
of paternal testing.

Both variants were classified as pathogenic according to ACMG and ClinVar guidelines [38]. The
€.2416C>T (p.Arg806Ter) variation has previously been reported as a disease-causing variant [39].
The novel frameshift pathogenic variants c.1698delC (p.Gly567AspfsTer45) has not been reported
in the 1K genome project, gnomAD, ExAC, HGMD, ESP 6500, TOPMed Bravo, 4.7 KIPN, Iranome,
GME Variome, Mexican DB, and GenomeAsia (Table 3). Sanger sequencing revealed that ¢.2416C>T
(p.Arg806Ter) was heterozygous in both the proband and her mother. The proband carried the
second variant, ¢.1698delC (p.Gly567AspfsTer45), while her mother had a normal, wild-type
genotype. This suggests that the first variant was inherited from the mother, while the second
variant may have originated from the father or occurred spontaneously. Because the father's
information was unavailable, we could not determine whether the second variant, ¢.1698delC
(p.Gly567AspfsTera5), was inherited from the father or occurred de novo. However, we confirmed
that the first variant, c.2416C>T (p.Arg806Ter), was in a heterozygous state in both the proband and
her mother, indicating segregation through the maternal lineage. This observation revealed a
compound heterozygote state in the proband, causing KS (Figure 1b & c).

Furthermore, we used the I-TASSER online software to predict the potential effect of candidate
pathogenic variants on the protein domain structure [40]. LOMETS identified PDB hints 2pffB (Z-
score of 10.05), 1vt41 (Z-score of 4.74), and 2uur (Z-score of 3.54) as the most reliable PDB structure
templates for threading alignment with the COL18A1 wild-type, c.2416C>T (p.Arg806Ter), and
c.1698delC (p.Gly567AspfsTer4d5) variants, respectively. Based on pair-wise structure similarity, the
SPICKER program predicted final protein models with a C-score = -0.19 for wild-type form, C-score
=-2.88 for the stop codon, and-1.79, respectively (Figure 2).
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Full-length

c.2416C>T
(p.Arg806Ter)

c.1698delC
(p.Gly567AspfsTer45)

Figure 2 The schematic view of the stimulated domain proteins using I-TASSER. a) Wild-
type; b) The premature stop codon; and c¢) Frameshift pathogenic variant.

4, Discussion

In this study, we investigated a 10-year-old Iranian female with clinical symptoms that were
suggestive of KS. WES analysis of gDNA identified two pathogenic compound heterozygous variants
in the COL18A1 gene, which encodes the alpha chain of collagen type XVIII. The variants identified
include a previously documented premature stop codon, c.2416C>T (p.Arg806Ter) [41], and a novel
frameshift pathogenic variant, c.1698delC (p.Gly567AspfsTer45), located in exons 7 and 16 of
COL18A1, respectively. The identified variants were validated through Sanger sequencing.
Furthermore, the impact of the identified pathogenic variant on the COL18A1 structure was
assessed using I-TASSER.

The findings of this study align with existing literature on KS, which has documented the
heterogeneity of the disease's phenotypic manifestations [42]. These manifestations range from
mild ocular abnormalities to severe neurodevelopmental impairment. The presence of diverse
clinical presentations further underscores the complex nature of the disease and the necessity for
genetic counseling [43]. Given the rarity of KS and the fact that COL18A1 is the sole causative gene,
elucidating the spectrum of pathogenic variants is of paramount importance [20].

In the analysis of previously documented cases of KS, 47 distinct variants of the COL18A1 gene
were identified. The most frequently observed variant was the truncating pathogenic variant
c.4759_4760delCT, which was present in seven families. This finding highlights the importance of
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understanding the spectrum of gene variants associated with KS, as different variants may result in
varied clinical outcomes. The distribution of COL18A1 variants showed variation across different
nationalities, with the highest prevalence observed in populations of Arabic, Chinese, Turkish, and
British descent. These findings suggest that ethnicity-specific genetic factors may contribute to the
development of KS. Further studies examining the genetic landscape of KS in different populations
would provide valuable insights into its pathogenesis.

Our WES analysis identified a variety of pathogenic variant types in the COL18A1 gene, with
nonsense pathogenic variants being the most common, followed by missense and non-coding
pathogenic variants. This classification of variants into different pathogenic variant types further
emphasizes the deleterious effects of these pathogenic variants on KS. The pathogenicity of the
identified variants was assessed using a range of computational tools, including PhastCons100way,
PhyloP100way, SiPhy29way, fitCons-gm, and MutationTaster. These tools facilitated the
prioritization of the variants based on their conservation and pathogenicity scores. Both the
identified variants, ¢.2416C>T (p.Arg806Ter) and ¢.1698delC (p.Gly567AspfsTerd5), were classified
as pathogenic according to the ACMG and ClinVar guidelines. The c.2416C>T (p.Arg806Ter) variant
has been previously identified as a pathogenic variant [41], while the c¢.1698delC
(p.Gly567AspfsTer45) variant is characterized as a novel frameshift pathogenic variant.

To elucidate the potential structural impacts of the identified pathogenic variants on the
COL18A1 protein, I-TASSER online software was employed. This software predicted alterations in
the protein domain structure for both variants. The resulting models indicated a possible disruption
of the protein structure, suggesting that these pathogenic variants may have significant functional
implications.

Overall, this study contributes to the growing body of knowledge regarding KS and its genetic
basis. The identification of pathogenic variants of COL18A1 expands our understanding of the
disease and its clinical implications. The heterogeneity of the phenotypic manifestations highlights
the need for personalized and comprehensive clinical management. The application of advanced
genomic technologies, such as whole-exome sequencing (WES) and bioinformatics tools, provides
significant insights into the genetic landscape of KS and may facilitate the development of targeted
therapies. Future research should prioritize elucidating the molecular mechanisms underlying KS
and identifying potential therapeutic targets. Collaborative efforts across diverse populations and
countries are essential to enhance our understanding of the genetic basis of KS and improve clinical
management strategies. Furthermore, long-term follow-up studies are necessary to assess the
efficacy of targeted therapies and evaluate the impact of genetic counseling on individuals and
families affected by KS.

In conclusion, this study advances the disciplines of genetics and ophthalmology by offering novel
insights into the genetic framework of KS. The identification of novel variants of COL18A1 expands
our understanding of the disease and its clinical implications. Further research and collaboration are
needed to fully understand the molecular mechanisms underlying KS and develop effective
therapeutic interventions.

Acknowledgments

We would like to thank all the participants of this research. The only external Al-assisted tools
we utilized were commercially available grammar and clarity checkers, specifically Paperpal, to

Page 23/27



OBM Genetics 2025; 9(2), doi:10.21926/obm.genet.2502291

ensure the English language quality of our writing. These tools were employed solely to refine the
language and improve readability, not to generate or alter the scientific content. We reaffirm that
we have reviewed and edited the section generated by the Al-assisted tool for accuracy, and
acknowledge full responsibility for the content of the manuscript.

Author Contributions

Mohammad-Reza Ghasemi: Conceptualization, Investigation, Methodology, Formal analysis,
Writing—original draft; Maryam Mirahmadi: Investigation, Methodology, Formal analysis,
Writing—original draft; Hadi Bayat: Investigation, Formal analysis, Writing—review and editing;
Morteza Sheikhi Nooshabadi: Investigation, Methodology; Sanaz Jamshidi: Investigation,
Methodology; Shadab Salehpour: Validation, Resources; Reza Mirfakhraie: Validation, Resources;
Fatemeh Fazeli: Investigation, Methodology; Mohammad Miryounesi: Conceptualization, Validation,
Supervision, Writing—review and editing; Milad Gholami: Conceptualization, Investigation,
Validation, Resources, Supervision, Project administration, Funding acquisition, Writing—review
and editing. All authors have read and agreed to the published version of the manuscript.

Funding

This study was funded by Arak University of Medical Sciences (Grant Number: 4130).
Competing Interests

The authors declare that they have no conflicts of interest.
Data Availability Statement

The data supporting the findings of this study are available upon request from the corresponding
author. The data were not publicly available because of privacy or ethical restrictions.

References

1. Wong MY, Shoulders MD. Targeting defective proteostasis in the collagenopathies. Curr Opin
Chem Biol. 2019; 50: 80-88.

2. Knobloch WH, Layer JM. Retinal detachment and encephalocele. J Pediatr Ophthalmol
Strabismus. 1971; 8: 181-184.

3. Venkateshappa BM, Raju B, Rallo MS, Jumah F, Suresh SC, Gupta G, et al. Knobloch syndrome,
a rare cause of occipital encephalocele and seizures: A case report. Pediatr Neurosurg. 2021;
56: 274-278.

4. Hull' S, Arno G, Ku CA, Ge Z, Waseem N, Chandra A, et al. Molecular and clinical findings in
patients with Knobloch syndrome. JAMA Ophthalmol. 2016; 134: 753-762.

5. Utriainen A, Sormunen R, Kettunen M, Carvalhaes LS, Sajanti E, Eklund L, et al. Structurally
altered basement membranes and hydrocephalus in a type XVIII collagen deficient mouse line.
Hum Mol Genet. 2004; 13: 2089-2099.

Page 24/27



OBM Genetics 2025; 9(2), doi:10.21926/obm.genet.2502291

6.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Kinnunen Al, Sormunen R, Elamaa H, Seppinen L, Miller RT, Ninomiya Y, et al. Lack of collagen
XVl long isoforms affects kidney podocytes, whereas the short form is needed in the proximal
tubular basement membrane. J Biol Chem. 2011; 286: 7755-7764.

Balikova I, Sanak NS, Fanny D, Smits G, Soblet J, De Baere E, et al. Three cases of molecularly
confirmed Knobloch syndrome. Ophthalmic Genet. 2020; 41: 83-87.

Maeba T, Yonezawa T, Ono M, Tomono Y, Heljasvaara R, Pihlajaniemi T, et al. Collagen XVIII
deposition in the basement membrane zone beneath the newly forming epidermis during
wound healing in mice. Acta Med Okayama. 2019; 73: 135-146.

Suzuki OT, Sertié AL, Der Kaloustian VM, Kok F, Carpenter M, Murray J, et al. Molecular analysis
of collagen XVIII reveals novel mutations, presence of a third isoform, and possible genetic
heterogeneity in Knobloch syndrome. Am J Hum Genet. 2002; 71: 1320-1329.

Heljasvaara R, Aikio M, Ruotsalainen H, Pihlajaniemi T. Collagen XVIII in tissue homeostasis and
dysregulation-Lessons learned from model organisms and human patients. Matrix Biol. 2017;
57:55-75.

Marneros AG, Olsen BR. Physiological role of collagen XVIII and endostatin. FASEB J. 2005; 19:
716-728.

Corbett MA, Turner SJ, Gardner A, Silver J, Stankovich J, Leventer RJ, et al. Familial epilepsy with
anterior polymicrogyria as a presentation of COL18A1 mutations. Eur ] Med Genet. 2017; 60:
437-443.

Fukai N, Eklund L, Marneros AG, Oh SP, Keene DR, Tamarkin L, et al. Lack of collagen
XVIll/endostatin results in eye abnormalities. EMBO J. 2002; 21: 1535-1544.

Mirahmadi M, Naeimipour S, Amirlatifi R, Shahbazi M. Association study of G+ 2044A (R130Q)
polymorphism in IL-13 gene with risk of developing multiple sclerosis in Iranian population.
Gene Rep. 2019; 15: 100392.

Patil SJ, Pande S, Matalia J, Bhat V, Kekatpure M, Girisha KM. Knobloch syndrome in siblings
with posterior fossa malformations along with cerebellar midline cleft abnormality caused by
biallelic COL18A1 mutation: Case-based review. J Pediatr Genet. 2023; 12: 058-063.

Patel CK, Broadgate S, Shalaby A, Yu J, Nemeth AH, Downes SM, et al. Whole genome
sequencing in a Knobloch syndrome family confirms the molecular diagnosis. Ophthalmic Genet.
2022; 43: 201-209.

Irene Diez Garcia-Prieto |, Lopez-Martin S, Albert J, Jiménez de la Pefia M, Fernandez-Mayoralas
DM, Calleja-Pérez B, et al. Mutations in the COL18A1 gen associated with knobloch syndrome
and structural brain anomalies: A novel case report and literature review of neuroimaging
findings. Neurocase. 2022; 28: 11-18.

Chong SC, Yuen YP, Cao Y, Fan SS, Leung TY, Chan EK, et al. Case report: Novel biallelic variants
in the COL18A1 gene in a Chinese family with Knobloch syndrome. Front Neurol. 2022; 13:
853918.

Levinger N, Hendler K, Banin E, Hanany M, Kimchi A, Mechoulam H, et al. Variable phenotype
of Knobloch syndrome due to biallelic COL18A1 mutations in children. Eur J Ophthalmol. 2021;
31: 3349-3354.

Li S, Wang Y, Sun L, Yan W, Huang L, Zhang Z, et al. Knobloch syndrome associated with novel
COL18A1 variants in Chinese population. Genes. 2021; 12: 1512.

Page 25/27



OBM Genetics 2025; 9(2), doi:10.21926/obm.genet.2502291

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Rasool IG, Zahoor MY, Igbal M, Anjum AA, Ashraf F, Abbas HQ, et al. Whole exome sequencing
revealed novel variants in consanguineous Pakistani families with intellectual disability. Genes
Genomics. 2021; 43: 503-512.

Nakousi-Capurro N, Huserman J, Castillo S, Herrera L, Romero P, Pizarro F, et al. Knobloch
syndrome in a patient from Chile. Am J Med Genet A. 2020; 182: 2239-2242.

Wang P, Jia X, Xiao X, Li S, Long Y, Liu M, et al. An early diagnostic clue for COL18A1-and LAMA1-
associated diseases: High myopia with alopecia areata in the cranial midline. Front Cell Dev Biol.
2021; 9: 644947.

Khan AO, Ghazi NG. The distinct optic disk and peripapillary appearance in Donnai-Barrow
syndrome. Ophthalmic Genet. 2018; 39: 321-324.

Zhang LS, Li HB, Zeng J, Yang Y, Ding C. Knobloch syndrome caused by homozygous frameshift
mutation of the COL18A1 gene in a Chinese pedigree. Int J Ophthalmol. 2018; 11: 918-922.
Sprugnoli G, Vatti G, Rossi S, Cerase A, Renieri A, Mencarelli MA, et al. Functional connectivity
and genetic profile of a “double-cortex”-like malformation. Front Integr Neurosci. 2018; 12: 22.
White RJ, Wang Y, Tang P, Montezuma SR. Knobloch syndrome associated with polymicrogyria
and early onset of retinal detachment: Two case reports. BMC Ophthalmol. 2017; 17: 214.
Charsar BA, Goldberg EM. Polymicrogyria and intractable epilepsy in siblings with Knobloch
syndrome and homozygous mutation of COL18A1. Pediatr Neurol. 2017; 76: 91-92.

Gradstein L, Hansen RM, Cox GF, Altschwager P, Fulton AB. Progressive retinal degeneration in
a girl with Knobloch syndrome who presented with signs of ocular albinism. Doc Ophthalmol.
2017; 134: 135-140.

Ebrahimiadib N, Modjtahedi BS, Ferenchak K, Papakostas TD, Mantagos JS, Vavvas DG. Optical
coherence tomography findings and successful repair of retina detachment in Knobloch
syndrome. Digit ] Ophthalmol. 2017; 23: 29-32.

Caglayan AO, Baranoski JF, Aktar F, Han W, Tuysuz B, Guzel A, et al. Brain malformations
associated with Knobloch syndrome-review of literature, expanding clinical spectrum, and
identification of novel mutations. Pediatr Neurol. 2014; 51: 806-813.e8.

Haghighi A, Tiwari A, Piri N, Nirnberg G, Saleh-Gohari N, Haghighi A, et al. Homozygosity
mapping and whole exome sequencing reveal a novel homozygous COL18A1 mutation causing
Knobloch syndrome. PLoS One. 2014; 9: e112747.

Williams TA, Kirkby GR, Williams D, Ainsworth JR. A phenotypic variant of Knobloch syndrome.
Ophthalmic Genet. 2008; 29: 85-86.

Khan AO, Aldahmesh MA, Mohamed JY, Al-Mesfer S, Alkuraya FS. The distinct ophthalmic
phenotype of Knobloch syndrome in children. Br J Ophthalmol. 2012; 96: 890-895.

Aldahmesh MA, Khan AO, Mohamed JY, Alkuraya H, Ahmed H, Bobis S, et al. Identification of
ADAMTS18 as a gene mutated in Knobloch syndrome. J Med Genet. 2011; 48: 597-601.
Mahajan VB, Olney AH, Garrett P, Chary A, Dragan E, Lerner G, et al. Collagen XVIII mutation in
Knobloch syndrome with acute lymphoblastic leukemia. Am J Med Genet A. 2010; 152: 2875-
2879.

Keren B, Suzuki OT, Gérard-Blanluet M, Brémond-Gignac D, Elmaleh M, Titomanlio L, et al. CNS
malformations in Knobloch syndrome with splice mutation in COL18A1 gene. Am J Med Genet
A. 2007; 143: 1514-1518.

Richards S, Aziz N, Bale S, Bick D, Das S, Gastier-Foster J, et al. Standards and guidelines for the
interpretation of sequence variants: A joint consensus recommendation of the American

Page 26/27



OBM Genetics 2025; 9(2), doi:10.21926/obm.genet.2502291

39.

40.

41.

42.

43.

college of medical genetics and genomics and the association for molecular pathology. Genet
Med. 2015; 17: 405-423.

Suzuki O, Kague E, Bagatini K, Tu H, Heljasvaara R, Carvalhaes L, et al. Novel pathogenic
mutations and skin biopsy analysis in Knobloch syndrome. Mol Vis. 2009; 15: 801-809.

Zheng W, Zhang C, Li Y, Pearce R, Bell EW, Zhang Y. Folding non-homologous proteins by
coupling deep-learning contact maps with I-TASSER assembly simulations. Cell Rep Methods.
2021; 1: 100014.

Passos-Bueno MR, Suzuki OT, Armelin-Correa LM, Sertié AL, Errera Fl, Bagatini K, et al.
Mutations in collagen 18A1 (COL18A1) and their relevance to the human phenotype. An Acad
Bras Ciénc. 2006; 78: 123-131.

Bhatt D, Bhende M, Shakeel A, Bhende P, Rao GS, Kalaivani K, et al. Exploring Knobloch
syndrome: A case series of two Indian families and a review of literature. Indian J Ophthalmol
Case Rep. 2024; 4: 372-375.

Maitra P, Shah PK, Prema S, Das A, Narendran V. Knobloch syndrome-a rare collagenopathy,
revealing peripheral avascular retina. Ophthalmic Genet. 2023; 44: 618-622.

Page 27/27



