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As life span rises, dementia has become a growing public health issue. According to 

current estimates, almost 50 million people worldwide have dementia, and the number is 

expected to grow. Next generation sequencing (NGS) methods have helped significantly 

with identifying causative gene variants related to various cognitive disorders. Our study 

aimed to analyze the genetic basis of cognitive disorders using NGS clinical exome panel. 

The study included a total number of 15 unrelated cases diagnosed with cognitive 

disorders, all negative after standard targeted genetic testing was performed (available at 

Neurology Clinic, UCCS, Belgrade, Serbia). Preference was given to familial cases with 

early presentation or complex phenotype. Sequencing of a clinical exome (CE) panel for 

4813 genes with known associated clinical phenotypes was performed using TruSight 

One sequencing panel on an Illumina MiSeq NGS platform according to the 

manufacturer’s instructions (Illumina, San Diego, CA, USA). Variants were analyzed 

with Illumina Variant Studio v3 software provided by Illumina as well as a previously 

developed pipeline. Variants analysis and interpretation were based on phenotype gene 

target approach, literature and databases search, allele frequency, and pathogenicity 

prediction by in silico software. All causative variants were confirmed by Sanger 

sequencing. Whenever possible, additional family members were studied for segregation 

analysis. CE panel analysis revealed a likely genetic cause in four patients. We have 
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detected two missense heterozygous pathogenic variants in the PSEN1 gene in one patient 

each and homozygous nonsense pathogenic variant in the OPTN gene in two more 

patients. Detected pathogenic variants are in line with the clinical phenotype of our 

patients. In the rest of the 11 cases, genetic diagnosis remains unclear. The results of our 

study emphasize the significance of CE panel analysis in establishing a diagnosis for 

patients with dementia. Furthermore, give us insight into the complexity of the genetic 

background of this group of disorders. 

Key words: cognitive impairments, DNA diagnostics, gene panels, gene variant, 

PSEN1, OPTN 

 

INTRODUCTION 

Dementia is a syndrome characterized by a progressive, acquired decline in cognitive 

functioning caused by degeneration of the nervous system (PRINCE et al., 2013). In recent years it 

has been estimated that around 55 million people worldwide were living with dementia 

(GAUTHIER et al., 2021), and the number of new cases is expected to increase in the future. In 

Serbia the number of people living with dementia is estimated to be 13.58 cases per 100000 

(https://www.worldlifeexpectancy.com/cause-of-death/alzheimers-dementia/by-country/ 

accessed on July 2022). 

Cognitive disorders include mild and severe cognitive impairment (known as dementia) 

(SACHS-ERICSSON and BLAZER, 2015). Mild cognitive impairment (MCI) is considered a 

transitional period between normal age-related cognitive decline and dementia (ANDERSON, 

2019). 

Alzheimer’s disease (AD) represents the most common cause of dementia (PRINCE et al., 

2013, LOBO et al., 2000; CHAN et al., 2013) and is characterized by impairment in episodic 

memory, visuospatial, language, and executive domains (APOSTOLOVA, 2016). Pathological 

variants in the APP, PSEN1, and PSEN2 genes represent the major cause of early-onset 

Mendelian AD (EOAD) cases. In more detail, around 15% of cases are caused by pathological 

variants in APP, 80% in PSEN1, while only 5% by variants in the PSEN2 gene (HINZ and 

GESCHWIND, 2017). Considering late onset AD (LOAD), the apolipoprotein E gene (APOE) 

allele ε4 is the most know genetic factor associated with an increased risk (SAUNDERS et al., 

1993; CACACE et al., 2016). However, numerous genetic mechanisms at the root of AD have yet 

to be clarified.  

Frontotemporal dementia (FTD) is the second most common form of dementia in patients 

aged 65 and younger (JARMOLOWICZ et al., 2015; SMITS et al., 2015). FTD is commonly 

presented with behavioural changes, and/or language deficits, and frontal executive deficits 

(RASCOVSKY et al., 2007; SEELAAR et al., 2011; GRAFF-RADFORD and WOODRUFF, 2007). 

Clinical subtypes of FTD are divided into behavioural variant (bvFTD) (RASCOVSKY et 

al., 2011), an agrammatic variant of a primary progressive aphasia (agPPA) (OGAR et al., 2007; 

GORNO-TEMPINI et al., 2011; GROSSMAN, 2012), and a semantic variant of primary progressive 

aphasia (svPPA) (HODGES et al., 1992; GORGO-TEMPINI et al., 2011). About 30% of all FTD 

cases are genetically caused by pathological variant in one of three 

genes: C9ORF72, MAPT or GRN (GREAVES and ROHRER 2019; MAHONEY et al., 2012; 

SNOWDEN et al., 2012). Pathological variants in each of these genes effect between ~ 5 and 10% 
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of all FTD cases, with different geographical distribution. Overall, C9ORF72 seems to be the 

most common genetic cause of FTD worldwide, followed by GRN, and then MAPT (BORRONI et 

al., 2011; BARANDIARANE et al., 2012). Furthermore, causative variants in many other genes 

associated with FTD have been found, too, albeit in rare cases (SIEBEN et al., 2012). In recent 

years, clinical, pathological, and genetic studies have been supporting the fact that FTD and 

amyotrophic lateral sclerosis (ALS) are part of a disease spectrum with common underlying 

pathogenesis (BENNION-CALLISTER and PICKERING-BROWN, 2014; HARDY and ROGAEVA, 2014). 

ALS-causing mutations can manifest as FTD, sometimes in the same family or even the patient 

(ALS/FTD comorbidity) (FREISCHMIDT et al., 2015; DOLS-ICARDO et al., 2018; POTTIER et al., 

2018). 

Dementias could be presented with a complex phenotype that makes a selection of 

suitable genetic tests laborious. Therefore, sometimes is necessary to perform many different 

genetic tests to establish an accurate diagnosis.  

The development of the next generation of sequencing (NGS), which evaluates many 

genes simultaneously, and its wide availability of different approaches revolutionized clinical 

genetic testing. Nowadays, a smaller panel of genes, a whole exome (WES) or a whole-genome 

(WGS), can be analyzed. 

In practice, due to the high cost, WES/WGS is still not available for small genetic centres 

with limited resources, so smaller gene panels are used as an alternative approach (REALE et al., 

2018; MONTAUT et al., 2018). 

Clinical exome (CE) panel covers 4813 genes associated with human diseases and has 

been used in clinical practice worldwide (OKAZAKI et al., 2016; PAJUSALU et al., 2018). Using 

CE panel, single nucleotide variants (SNVs) and small insertions and deletions can be detected in 

genomic DNA. So far, numerous studies using CE panel for analysis of various monogenic 

disorders, including dementia, have been conducted (BONVICINI et al., 2019; ZALAR et al., 2018).  

In our study, we intend to analyze the genetic background of 15 patients suffering from 

different types of dementias in the Serbian population using the CE diagnostic panel. We also 

aimed to determine the distribution and spectrum of pathogenic variants in genes related to 

dementias.  

 

MATERIALS AND METHODS 

Study subjects 

This study included a total number of 15 unrelated patients clinically diagnosed with 

various cognitive disorders. More specifically, we analyzed 8 cases of early-onset Alzheimer's 

disease, 6 cases of frontotemporal dementia, and 1 case of mild cognitive impairment. A clinical 

diagnosis has been made based on the clinical presentation of the disease, and detailed 

neurological, imaging, and laboratory investigations. For each patient, the family history was 

determined based on the Goldman score (GOLDMAN et al., 2005). In respondents selection, 

preference was given to patients that fulfill some of the following requirements: patients negative 

after standard (routine) genetic tests available at Neurology clinic, UCCS, Belgrade, Serbia, 

cases with a positive family history of the disease, with early onset clinical signs or complex 

phenotype, suggestive genetic heterogeneity or combination of multiple syndromes. 

Additionally, for each proband carrying possible disease causing gene variant, affected relatives 
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were included in the analysis, if available. The control group consisted of 200 healthy people 

from the population of Serbia.  

Each respondent or designated guardian provided written informed consent for 

participation in the study and publication of the results. The study was approved by the ethics 

committee of the Clinical Center of Serbia, Belgrade, Serbia (No.:402/6, from 01/30/20).  

 

DNA extraction 

Genomic DNA was extracted from 5 ml peripheral blood samples using the salting-out 

method (MILLER et al., 1988). 

 

CE library preparation and sequencing 

Sequencing of clinical exome (CES), including coding regions with boundary intron 

sequences of 4813 clinically relevant genes, was performed using the TruSight One Panel on the 

Illumina MiSeq NGS platform (Illumina, San Diego, CA). DNA libraries were prepared in 

groups of three patients according to the manufacturer's protocol using Reagent Kit V3 

(Illumina, San Diego, CA). Library quantity and quality were determined by Qubit® 3.0 

Fluorimeter with the Qubit™ dsDNA HS Assay Kit (Thermo Fisher Scientific, MA, USA). The 

average library size was determined using Agilent 2100 Bioanalyzer (Agilent Technologies, 

Santa Clara, CA). A paired-end sequencing reaction in 150 cycles was conducted on the Illumina 

MiSeq platform (Illumina, San Diego, CA). 

 

Data analysis and interpretation 

The NGS data analysis was done as previously described in detail (BRANKOVIC et al., 

2022) using Illumina Variant Studio V3 software and an in-house analysis pipeline developed by 

MAVER et al., (2016) and BERGANT et al., (2018) based on the bwa-GATK platform (DEPRISTO et 

al., 2011). Based on the patient’s symptoms, we made virtual gene subpanels using Human 

Phenotype Ontology (HPO) (KÖHLER et al., 2021) (https://hpo.jax.org/app/) for each patient 

(MAVER et al., 2016). 

For detected variants, the frequency estimation in the general population was based on the 

information from the GnomAD project (KARCZEWSKI et al., 2021).   

The variants considered as significant were: with convincing sequencing quality (≥10 

reads for homozygous and ≥20 reads for heterozygous) occurring in genes consistent with the 

phenotype, variants with frequency ≤1% in our and global population, classified as pathogenic 

and/or likely pathogenic in ClinVar (LANDRUM et al., 2018), HGMD (STENSON et al., 2003), and 

LOVD (FOKKEMA et al., 2011) databases of genomic variants, or in the published literature, with 

functional studies obtained. Fitting with the known model of inheritance was also required to 

confirm pathogenicity. For variants that have not been reported previously in databases or 

literature, we performed predictive in silico analysis using CADD (RENTZSCH et al., 2021), 

MutationTaster (SCHWARZ et al., 2010), MetaLR, and REVEL software. Additionally, we used 

the PolyPhen tool (ADZHUBEI et al., 2010) to estimate the possible impact of an amino acid 

substitution on the structure and function of a human protein. All considered variants were 

classified following the American College of Medical Genetics and Genomics and the 

Association for Molecular Pathology (ACMG/AMP) standards and guidelines (RICHARDS et al., 
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2015). Significant variants identified in this study have been submitted to the ClinVar database 

(LANDRUM et al., 2018) (submission numbers are provided in Table 1). 

 

Confirmation, family members, controls 

Detected potentially disease causing variants were validated by direct Sanger sequencing 

on the Applied Biosystems 3500 Genetic Analyzer (Applied Biosystems, CA, USA). The 

samples were prepared using BigDye Terminator v.3.1 cycle sequencing kit (Applied 

Biosystems, CA, USA), while generated nucleotide sequences were analyzed with Sequencher 

4.10.1 Demo software (Gene Codes Corporation, USA). 

After confirmation of NGS results in probands, direct targeted Sanger sequencing was 

performed in family members’ samples (if available) for segregation analysis. Sanger sequencing 

was also performed in 200 healthy Serbian controls to estimate the frequency of potentially 

causative variants in this population. 

 

 

RESULTS 

Using CES analysis for detecting simple genetic variants in coding regions of the 4813 

clinically relevant genes, we identified a likely genetic cause in 4 out of 15 unrelated cases of 

dementia, representing a diagnostic yield of 26.7%. All detected variants were confirmed in 

probands by Sanger sequencing.  

We have identified two missense heterozygous pathogenic variants in the PSEN1 gene 

linked to autosomal dominant disorder in one patient each (PSEN1 c.416T>C (case no. 1) and 

PSEN1 c.799C>A (case no. 2)) and homozygous nonsense pathogenic variant in the OPTN gene 

linked to autosomal recessive disorders in two more patients (OPTN c.403G>T (cases no. 3 and 

4)). Furthermore, only one of them is novel (PSEN1 c.799C>A) and the remaining have already 

been described in the literature or present in databases. All variants from this group were absent 

in our control samples. According to ACMG standards and guidelines, all detected potentially 

disease causing variants were characterized as pathogenic. Further details on described 

pathogenic variants are provided in Table 1.  

All patients carrying the abovementioned variants had a clinical picture in line with the 

phenotype described for the corresponding gene. The main clinical characteristics of these 

patients are provided in Table 2 alongside the OMIM number (HAMOSH et al., 2005) for their 

final genetic diagnosis established in this study. Briefly, of the four genetically confirmed 

patients, two were diagnosed with EOAD and two with FTD.  

Relatives of the two probands (cases no. 1 and 2) (Table 2) with PSEN1 pathogenic 

variants were not available for the segregation analysis. On the other side, a several 

asymptomatic relatives of the proband (case no. 3) (Table 2) with OPTN homozygous 

pathogenic variant were examined by direct Sanger sequencing. All tested asymptomatic 

relatives of this proband carried the variant in a heterozygous state. Further, the symptomatic 

sister of the other proband (case no. 4) (Table 2) with OPTN homozygous pathogenic variant 

was tested. The analysis revealed that she has the same homozygous OPTN variant. 

Interestingly, she was diagnosed with ALS.  
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In the remaining 11 cases included in the study, we could not manage to identify a likely 

genetic cause. Thus, in these cases, genetic diagnosis remains unclear. 
 

Table 1. Variants that represent a likely genetic cause in patients with dementia in Serbia  

Gene 

name  

HGVS  Variant type,  

molecular 

consequence, 

and variant 

location  

Clinical 

significance/ 

Pathogenicity 

class*  

No. of 

carriers 

in 200 

Serbian 

healthy 

controls  

GnomAD 

v2.1 i 3.1 

database 

MAF  

ClinVar 

accession 

number #  

Theoretical 

predictions for 

variants  

Inheretance 

type/zygosity  

Citation  Novel 

variant  

PSEN1  NM_000021.4, 

c.416T>C, 

p.M139T  

SNV, 

missense, 

exon  

Pathogenic-5  0  Not 

reported  

SCV001478336.1  MutationTaster: 

disease causing, 

CADD: 25.7, 

MetaLR: 

damaging, 

REVEL: 

pathogenic; 

Polyphen: 

probably 

damaging  

ad/het  ClinVar98023;  

HGMD:CM951067; 

LOVD:PSEN1_000247; 

PMID: 8634712, 

11165779, 12433263, 

33076948, 10441572, 

27466472, 22906081, 

22307680, 26481686, 

34220489  

No  

PSEN1  NM_000021.4, 

c.799C>A, 

p.P267T  

SNV, 

missense, 

exon  

Pathogenic-5  0  Not 

reported 

SCV001450773.1  MutationTaster: 

disease causing, 

CADD: 25.7, 

MetaLR: 

damaging, 

REVEL: 

pathogenic; 

Polyphen: 

probably 

damaging  

ad/het  /  Yes  

OPTN  NM_021980.4, 

c.403G>T, 

p.E135*  

SNV, 

nonsense, 

exon  

Pathogenic-5  0  0.0000398  SCV001805843.1  MutationTaster: 

disease causing 

automatic, 

CADD: 35  

ar/hom  ClinVar631627; 

PMID: 29650794  

No  

SNV-single nucleotide variant, ad: autosomal dominant, ar: autosomal recessive; het-heterozygous, hom-homozygous, 

*classification by ACMG/AMP guidelines (RICHARDS et al., 2015); #our submission to ClinVar; CADDv1.6-

suggested cutoff on deleteriousness is between 10 and 20 
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Table 2. Clinical characteristics of patients with dementia included in this study 

 y-years; M-male, F-female; ** Goldman score scale- score 1: autosomal dominant if there were at least three people in 

two generations; score 2: family aggregation if there were at least three relatives with dementia or ALS and criteria for 

autosomal dominant inheritance were not met; score 3: a single affected first-degree family member with dementia or 

ALS; score 4: no contributory family history, unknown family history.  

 

 

 

DISCUSSION 

In our study, we performed the analysis of the CE panel comprising 4813 genes in 

patients with cognitive disorders. We have investigated 15 unrelated patients diagnosed with 

various types of early onset dementia. Disease causing genotypes were detected in four unrelated 

probands. The study analyzed in silico created gene subpanels made according to each patient’s 

clinical phenotype using HPO terminology (KÖHLER et al., 2021) (https://hpo.jax.org/app), and 

we observed a diagnostic yield of 26.7%. Previous reports of CE panel analysis in patients with 

non-selected dementias revealed a diagnostic yield of 33% (ZALAR et al., 2018), which is similar 

to our study. 

We detected a rare variant of known significance (p.M139T) in the PSEN1 gene in one 

patient with EOAD which has been reported in several European families with EOAD 

(references provided in Table 1) and is described as disease-causing. One more PSEN1 variant 

(p.P267T) has been identified in our analysis in another patient with EOAD that has not been 

reported in the literature so far. The variant is absent from the worldwide control population 

(gnomAD) and our cohort of 200 healthy controls. Also, is predicted to be pathogenic by several 

Case No.  Age, y; 

Gender  

Clinical picture  Final diagnosis  Family history-

Goldman score ** 

1  49; F  Dementia  Early onset Alzheimer's 

disease (OMIM:607822)  

1  

2  66;M  Dementia, anxiety, 

vertigo, behavioral 

changes  

Early onset Alzheimer's 

disease (OMIM:607822)  

1  

3  56; F  Dementia, quadriplegia, 

aphasia  

Frontotemporal dementia 

(OMIM:613435)  

2  

4  54; F  Dementia, aphasia, 

dysphagia, depression  

Frontotemporal dementia 

(OMIM:613435)  

3  
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in silico prediction tools, and it is in line with the clinical phenotype of our patient. Based on the 

evidence lines above, we can conclude that p.P267T represents a genetic cause of disease in our 

patient.  

Pathological variants in the OPTN gene have been related to FTD (POTTIER et al., 2015) 

and ALS (MARUYAMA et al., 2010). OPTN detected variant (c.403G>T) in our two unrelated 

probands has been already described in the literature, but in patients diagnosed with ALS 

(MÜLLER et al., 2018). Thus far, our two probands with FTD are the first cases of FTD without 

motor neuron disease, caused by homozygous c.403G>T OPTN variant. Since evidence of OPTN 

variants related to FTD are scarce, our findings may contribute to the increase of this number. 

Another significant fact of our study is that a sister of one of our probands with OPTN variant 

(case no. 4) has a clinical diagnosis of ALS. Comorbidity of ALS and FTD is known for many 

ALS and FTD genes (FREISCHMIDT et al., 2015), including OPTN (POTTIER et al., 2018). 

However, in our study, we detected for the first time a c.403G>T OPTN variant in two sisters 

having different clinical presentations (one with a clinical diagnosis of FTD and the other with 

ALS). Hence, our results re-emphasize that ALS and FTD are part of a disease spectrum with an 

overlapping genetic basis.  

We did not identify any likely genetic cause in the remaining 11 patients. The cause of 

their illness could be a pathological variant in a gene not included in the CE panel or in part of 

the genome that is not included in the CE panel (such as the deep intronic region, or promoter 

region). We cannot exclude quantitative or complex structural changes in these cases either. In 

this regard, expanded panels such as WES and WGS could foster the investigation of additional 

genetic factors underlying the clinical presentation of patients. 

Both AD and FTD are clinically and pathologically heterogeneous disorders characterized 

by a complex genetic architecture that is not yet completely understood. The heritability rates of 

the different dementia subtypes range from 40 to 80%, with EOD showing a higher genetic 

component than late-onset dementia (FERENCZ and GERRITSEN 2015). 

The recent development of massively parallel DNA sequencing technologies allows for 

the systematic screening of individual genomes for DNA sequence variations at base-pair 

resolution, enabling researchers to uncover novel and/or potentially pathogenic rare variants in 

candidate genes. As previously documented, targeted re-sequencing of a clinically significant 

gene panel may represent a cost-time effective technique compared to the previously used 

sequential Sanger sequencing (BECK et al., 2014; PICCOLI et al., 2016; XU et al., 2018). 

In conclusion, we performed CE panel analysis on 15 patients with different cognitive 

disorders to study the contribution of rare SNVs in selected dementia genes. Our study showed 

that using the CE panel, which encompasses known genes associated with monogenic dementias, 

provides a powerful tool for establishing a genetic diagnosis of various types of dementia. 

Therefore, smaller gene panels could be used as a first step in clinical genetic testing, then, if 

there is a strong indication for a genetic basis and the mutation was not originally found, 

expanded gene panel analysis such as WES should be considered. The challenge in interpreting 

the results obtained by WES/WGS should be taken into account, as well as implementation in 

clinical practice. 
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Izvod 

Kako se starosna granica pomera, demencija postaje sve veći problem javnog zdravlja. Prema 

trenutnim procenama, skoro 50 miliona ljudi u svetu boluje od demencije, a očekuje se da će broj 

obolelih rasti. U našoj studiji analizirali smo genetičku osnovu kognitivnih poremećaja 

sekvenciranjem kliničkog egzoma. Studija je obuhvatila ukupno 15 nesrodnih bolesnika sa 

dijagnozom različitih kognitivnih poremećaja, koji su bili negativni nakon ciljanih genetičkih 

testiranja dostupnih na Neurološkoj klinici, UKCS, Beograd, Srbija. Prilikom selekcije 

bolesnika, prednost su imali porodični slučajevi sa ranom prezentacijom bolesti ili složenim 

fenotipom. Sekvenciranje panela kliničkog egzoma koji obuhvata 4813 gena povezanih sa 

poznatim kliničkim fenotipima izvedeno je na Illumina MiSeq NGS platformi prema uputstvima 

proizvođača. Rezulati sekvenciranja su analizirani pomoću Variant Studio v3 softvera kao i 

internog pipelina. Analiza i interpretacija varijanti zasnovane su na analizi virtualnih genskih 

panela odabranih prema fenotipu pacijenta, pretraživanju literature i baza podataka, učestalosti 

alela i in silico analizama. Uzročne varijante su potvrđene Sangerovim sekvenciranjem. Kod 

pojedinih članova porodice rađene su segregacione analize. Utvrđen je verovatni genetički uzrok 

kognitivnih poremećaja kod četiri bolesnika. Analizom panela klinički egzom detektovane su 

dve misense heterozigotne patogene varijante u genu PSEN1 kod dva nesrodna bolesnika i jedna 

nonsens homozigotna patogena varijanta u genu OPTN kod još dva nesrodna bolesnika. 

Detektovane patogene varijante su u skladu sa kliničkim fenotipom datih bolesnika. Kod 

preostalih 11 slučajeva, genetička dijagnoza je za sada nerazjašnjena. Rezultati naše studije 

naglašavaju značaj analize panela kliničkog egzoma u rasvetljavanju dijagnoze 

kognitivnihporemećaja i daju nam uvid u složenost genetičke pozadine ove grupe poremećaja.            
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