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Abstract

Background: Kohlscutter-Tonz syndrome (KTS) is a rare autosomal recessive genetic disorder first
described in 1974, characterized by seizures, intellectual disability, and abnormalities of teeth and
other organs. It is caused by pathogenic variants in the ROGDI gene, with only 44 confirmed cases
reported to date.

Objective: Investigate the genetic cause and natural history of an affected South Indian patient from
a consanguineous family to inform the diagnosis and management of KTS.

Methods: Targeted gene sequencing of clinically relevant genes was performed using custom capture
and Illumina sequencing. Sequencing reads were aligned to GRCh38, and variants called with GATK,
then annotated using VariMAT, ClinVar, OMIM, and HGMD. Anti-seizure medications, therapies,
and multidisciplinary management strategies used for 44 patients with Kohlscutter-Tonz syndrome
were reviewed as a basis for tailored treatment.

Results: Targeted sequencing identified a novel homozygous ROGDI frameshift variant (p.
Thr202AsnfsTer26) in the proband. Analysis of 44 published KTS patients found anti-seizure
medications-controlled seizures in 10-50% of cases. The prognosis is usually poor due to refractory
epilepsy, developmental regression, and early mortality.

Conclusion: This case adds to knowledge of the molecular basis and phenotype of KTS. Symptomatic
treatment with anti-seizure medications provides limited efficacy, reflecting a lack of disease-
modifying options. Further research on the ROGDI pathway may enable the development of targeted
therapies to improve long-term outcomes.

Keywords: Kohlscutter-tonz syndrome, ROGDI gene variants, Refractory epilepsy, Developmental
regression, Targeted therapies

INTRODUCTION

Kohlscutter- Tonz syndrome [KTS] also known as amelo-cerebro-hypohidrotic syndrome, is a rare
genetic disorder first described in 1974 with autosomal recessive inheritance, caused by homozygous
or compound heterozygous mutations in the ROGDI [Rogdi Atypical Leucine Zipper] gene
(OMIM*614574) [1]. It was first described in a Swiss family in 1974 by Alfried Kohlschutter and
Otmar Tonz [2]. To the best of our knowledge, there are currently 44 patients with a confirmed
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ROGDI gene pathogenic variant have been reported, consisting of 25 (56.8%) males and 19 (43.2%)
females [3]. Currently, there is no specific treatment available for KTS [4].

CASE HISTORY: In the present study, we have investigated the genetic status of ROGDI in a
thirteen-year-old South Indian patient of Dravidian race born to consanguineous parents, presented
with clinical indications of seizures, developmental delay, intellectual disability, delayed speech onset
& difficulty in speech and abnormal teeth since 6 years of age.

INVESTIGATIONS: All required investigations were done including complete blood picture, serum
electrolytes, serum calcium, renal function test, liver function test, and MRI of the brain, and were
found to be normal and suggested EEG. He is suspected to be affected by a seizure disorder and has
been evaluated for pathogenic variants.

Variant description: A homozygous 1 base pair insertion/duplication in exon 8 of the ROGDI gene
(chrl6: g.4798112dup; Depth: 173x) that results in a frameshift and premature truncation of the
protein 26 amino acids downstream to codon 202 (p. Thr202AsnfsTer26; ENST00000322048.12) was
detected. The observed variant has not been reported in the 1000 genomes, gnomAD (v3.1), gnomAD
(v2.1), topped, and in the internal databases. The in-silico prediction# of the variant is damaged by
MutationTaster2. The reference region is conserved across species. No other SNV(s)/INDELS or
CNV(s) that warrant to be reported were detected. All the genes covered in this assay have been
screened for the given clinical indications.

TEST METHODOLOGY: Targeted gene sequencing: Selective capture and sequencing of the
protein-coding regions and clinically relevant in the genome is performed. Variants identified in the
exonic regions and splice-site are generally actionable compared to variants that occur in non-coding
regions. Targeted sequencing represents a cost-effective approach to detect variants present in
multiple/large genes in an individual.

DNA extracted from blood was used to perform targeted gene capture using a custom capture kit. The
libraries were sequenced to a mean depth of >80-100X on the Illumina sequencing platform. We
follow the GATK best practices framework for the identification of germline variants in the sample
using Sentieon [5]. The sequences obtained are aligned to the human reference genome (GRCh38)
using a BWA aligner [6] and analyzed using Sentieon for removing duplicates, recalibration, and re-
alignment of indels [5]. Section haplotype caller is then used to identify variants in the sample. The
germline variants identified in the sample are deeply annotated using the VariMAT pipeline. Gene
annotation of the variants is performed using the VEP program [7] against the Ensembl release 104
human gene model [8]. In addition to SNVs and small Indels, copy number variants (CNVs) are
detected from targeted sequence data using the ExomeDepth method [9]. This algorithm detects CNVs
based on a comparing of the read-depths in the sample of interest with the matched aggregate
reference dataset.

Clinically relevant mutations in both coding and non-coding regions are annotated using published
variants in literature and a set of disease databases: Clinvar, OMIM, HGMD, LOVD, DECIPHER
(population CNV) and SwissVar [10-16]. Common variants are filtered based on allele frequency in
1000Genome Phase 3, gnomAD (v3.1 & 2.1.1), dbSNP (GCF_000001405.38), 1000 Japanese
Genome, TOPMed (Freeze_8), Genome Asia, and our internal Indian population database
(MedVarDb v4.0) [17-18]. Non-synonymous variants effect is calculated using multiple algorithms
such as PolyPhen-2, SIFT, MutationTaster2, and LRT. Clinically significant variants are used for
interpretation and reporting.

SPEECH ASSESSMENT AND SPEECH THERAPY IN TREATMENT STRATEGIES: To
provide insights into the treatment strategies for Kohlschutter-Tonz syndrome (KTS), we collected
information on the treatment of 44 patients. Except for two patients who only used one anti-seizure
medication (ASM), all other patients used at least two ASMs combined with antiepileptic therapy,
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and one patient used a maximum of five ASMs. None of the patients received adrenocorticotropic
hormone (ACTH) treatment. One patient underwent vagus nerve stimulation (VNS) and adopted a
ketogenic diet (KD), but this treatment did not have a satisfactory curative effect, and the patient still
had RE. Seven patients (46.7%) responded well to ASMs, and six of them had a seizure frequency
reduction of over 50%, with one becoming seizure-free at four years old in Table 1.

Table 1. Treatment Strategies and Outcomes for Kohlschutter-Tonz Syndrome (KTS) Patients

Patient ID | Speech assessment and Response Seizure Frequency Reduction
speech therapy

1 VPA + CLB Good >50%

2 CLB Good >50%

3 PHB + VGB Good >50%

4 CLB + PHT Good >50%

5 PHB + LEV Good >50%

6 PMP Good -

7 PMP Good

8 VNS + KD Poor

VPA: Valproic Acid, CLB: Clobazam, PHB: Phenobarbital, VGB: Vigabatrin, PHT: Phenytoin, LEV:
Levetiracetam, PMP: Perampanel, VNS: Vagus Nerve Stimulation, KD: Ketogenic Diet

The seven patients responded well to different combinations of ASMs: one responded well to VPA
combined with clobazam (CLB), one responded well to CLB, one responded well to phenobarbital
(PHB), and vigabatrin (VGB), one responded well to CLB combined with phenytoin, one responded
well to PHB combined with LEV, and two responded well to PMP. Currently, there is no specific
treatment available for KTS. The treatment approach primarily employs a multidisciplinary strategy,
focusing on conservative management tailored to the patient's clinical manifestations. This
encompasses behavioral therapy, counseling for parents and teachers, speech therapy, and the
administration of Anti-Seizure Medications (ASMSs).

DISCUSSION:

Kohlscutter- Tonz syndrome [KTS] also known as amelocerebrohypohidrotic syndrome, is a rare
genetic disorder first described in 1974 with autosomal recessive inheritance, caused by homozygous
or compound heterozygous mutations in the ROGDI [Rogdi Atypical Leucine Zipper] gene
(OMIM*614574) [19]. ROGDI is a protein Located in a nuclear envelope, that contains a leucine
zipper domain suggesting that ROGDI is a transcription factor; and may be involved in cell
proliferation [20]. ROGDI is located on chromosome 16p13.3 with an 864-bp coding region and
encodes a protein of unknown function comprising 287 amino acids [21]. In addition, ROGDI is
associated with genome stability by regulating the activity of a DNA damage marker (y-H2AX),
which is involved in brain development; neurogenesis; and odontogenesis of dentin-containing teeth
[22]. Downregulation of a novel human gene, ROGDI, increases radiosensitivity in cervical cancer
cells [23]. The role of ROGDI in tumor radio sensitization has not been investigated. Previous studies
have indicated that radiosensitivity is associated with DNA repair and the cell cycle [24]. This
syndrome is characterized by amelogenesis imperfecta affecting both primary and secondary teeth
and causing yellow or brown discoloration of the teeth. (Two types of amelogenesis imperfecta (Al)
have been seen in KTS patients. The first is Hypoplastic which is caused by the enamel being
underdeveloped, and the second is hypo-calcified which causes the enamel to be soft and chalky. Al
originated as a heterogeneous syndrome but has been observed as homogeneous in the case of KTS),
[25] psychomotor delay or regression, seizures starting early in childhood, and microcephaly [26].
Other clinical manifestations such as myopia, ventricular enlargement, dry skin, and altered
thumbs/toes also have been described [27], patients could present comorbidities, including ADHD,
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ASD, emotional disorders, and language disorders [28]. Although the phenotype is consistent, there
is variability, Impaired intellectual development is related to the severity of seizures, and the disorder
can thus be considered an epileptic encephalopathy [29]. Some infants show normal development
until seizure onset, whereas others are delayed from birth [30]. The most severely affected individuals
have profound mental retardation, never acquire speech, and become bedridden early in life [31].
Owing to the rarity of KTS, there was relatively little treatment evidence provided by case reports.
Currently, there is no specific treatment available for KTS [32]. PMP (Perampanel) may be a potential
drug with relatively good efficacy, but long-term clinical trials are still needed [33]. In addition, the
disease's clinical phenotype is heterogeneous, which leads to delays in diagnosis [34]. As a result,
clinicians often relied on symptomatic treatment methods, including the administration of anti-seizure
medications (ASMs) [35]. Regrettably, the prognosis for patients with KTS was typically unfavorable
[36]. KTS patients often experience not only global developmental delay but also develop refractory
epilepsy (RE) and even die early due to progressive mental deterioration, which undoubtedly causes
heavy psychological and economic burdens for patients and their families [37]. Speech assessment
and more on symptom progression through daily speech therapy are the essentials that are in place for
Kohlschutter-Tonz syndrome (KTS) management is a rare neurodevelopmental disorder that’s
characterized by intellectual disability and seizure. Speech evaluation and therapy play an active role
in the treatment tactics described for the KTS patients to provide a response to the communication
problems that are common. In speech evaluation, among many others, speech pathologists base their
diagnosis on the level of speech and language debility in KTS patients [38]. During this assessment,
speech production, language comprehension, articulation, phonological processing, and the use of
expressions in communication are focused on. It assists the specialists to deal with the
language/speech disorders that are particular to an individual, by providing a suitable plan of action
tailored to an individual's needs [39]. Frequent therapy sessions for the patients with KTS are
imperative so that they develop their communication skills and there is a better quality of life all-
round. These interventions mainly involve tackling an individual's inability to speak properly, partial
understanding of language, lacking pragmatic competence, and social communication skills.
Therapists may use various evidence-based therapies such as articulation drills, language stimulation
activities, social communication trainings, and AAC methods to equip individuals with the skills to
use clear speech and language [40]. In addition, the therapy interventions for the KTS patients
involves multidisciplinary approach, that is, the close collaboration with other healthcare
professionals from the discipline of neurology, occupational therapy, and special education [41]. Such
collaborative attempts will provide integrative treatment for the life domains of the disorder viz. the
cognitive functions as well as the motor skills and the behavioral aspects [42]. The results of the
research demonstrated that early speech therapy sessions and the persistency of these may lead to
notable achievements in the general communication outcomes of patients, who are suffering from
neurodevelopment disorders, including this one specifically [43]. Hence, implementing speech
assessment and frequent therapy sessions into the therapeutic plan for the KTS patients is of
paramount importance in this regard to ensure maximum gaining potential and positive outcome.
Overall, occupational speech assessment and regular speech therapy are primordial parts of the
multidimensional treatment strategies that are adapted for individuals with Kohlschutter-Tonz
Syndrome [44]. Through clinical efforts that see to the communication deficits by the interventions
which are evidence based, clinicians can ultimately have a great impact in the enriching of the
communication abilities of as well as the quality of life of those living with this rare
neurodevelopmental disorder [45].

CONCLUSION

To conclude, we discussed that speech evaluation as well as scheduled speech therapy are part of the
multidimensional treatment plan for people with Kohlschutter-Tonz Syndrome (KTS) to reduce the
impact. KTS is a genetic very poor outcome of newborn brain disease in children that include
intellectual disability and epilepsy as well as speech impairment. Speech evaluation provides speech
pathologists with information empiricism on speech and language deficits in TKI patients. The
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investigation will focus on various aspects such as speech, language comprehension, and articulation.
Which assessment informs the adaptation of individualized intervention schedules that best suit the
needs of a particular person. In addition, regular speech therapy is the key to help ameliorate the
severe communicative disorders in KTS patients that they often have, as, it leads to an increased
quality of life. Practitioners attain good communication results by using language therapy techniques
like speech repetition, language enlivening activities, and speech clarity training. They apply them
based on individual abilities to reduce the communication problems in KTS patients. Besides,
associating with the other health professionals namely neurology physicians, occupational therapists,
and special schoolteachers is so important as it makes the treatment more holistic, accommodating
the cognitive aspects and motor skills and the behavioural facets of the patients. Studies have
established that speech therapy treatment provided early are often effective in improving
communication ability for individuals having KTS and similar disorders that affect early brain
development. Therefore, speech assessment, therapy sessions, and follow-up care are essential
components of the treatment plan that would significantly contribute to the likelihood of a positive
outcome and improve the quality of life of the carotid stenosis patients. In sum, the diagnostic speech
assessment and speech therapy classes are the main tools for the holistic approach to the targeted aid
Kohlschutter-tons syndrome patients. Through the lens of evidence-based interventions, clinical
workers can put an end to the communication deficits for people living with this developmental
disorder. They are not only improving the communication abilities of the people but also making their
life quality to a better level. More important, the presentation puts forth the struggle and complexities
on KTS and why we need research and international cooperation to come to a satisfactory solution of
this genetic illness. Despite the present fact of a paucity of specific treatment choice, continuous
projects for correct characterization and management of KTS are fundamental for improving
outcomes and raise the title of life of people concerned with the KTS and their families.

CONSENT

Written informed consent was obtained from the patient's parents for genetic testing and publication
of this case report. The genetic analysis was performed as per local ethical guidelines and institutional
approval. Patient confidentiality has been maintained with personal identifiers removed to comply
with privacy policies regarding patient data disclosure.
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