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Issue Highlights

The current issue of Archives of Neurology contains a research paper entitled “Validation of blood
PRKN mRNA expression as a biomarker of PRKN - related Parkinson’s disease (PD)", a case report of
“Leykoencephalopathy in a patient with Girdle Muscular Dystrophy” and a research study of “the
binocular videonystagmographic analysis of smooth pusuit, saccades and optokinetic nystagmus in
healthy adults”.

In the first article, Parissis et al present an interesting case report of a patient diagnosed with muscular
dystrophy associated with LAMAZ2 gene pathogenic variants. Interestingly enough, missense changes
in the LAMAZ2 gene according to the genetic analysis performed, established the diagnosis of LAMA2
muscular dystrophy. This is a rare subtype of limb girdle muscular dystrophy. This finding led the
authors to perform brain MRI where the characteristic leukoencephalopathic pattern of this disorder
was identified thus providing good evidence of their final diagnosis. This case is a good example of
performing diagnosis in the setting of precision medicine. The MRI scans performed are highly didactic.

In the second article, Siliogka et al performed a clinical study aiming to validate blood PRKN mRNA
expression as a biomarker of PRKN - related Parkinson’s disease (PD). PRKN gene mutations are a
major cause of early-onset, autosomal recessive PD. To this aim, the authors quantified PRKN mRNA
expression using RT-PCR with newly designed primes in PBMCs isolated from 7 PRKN-related PD
patients (3 biallelic, 4 heterozygous), 8 idiopathic PD patients and 7 matched healthy controls. Genetic
characterisation employed Multiplex Ligation-dependent Probe Amplification and Whole Exome
Sequencing. The authors concluded that peripheral PRKN mRNA quantification is a highly sensitive and
specific marker for PRKN mutation carrier status in PD, including in the heterozygous state. Interestingly
enough, pathogenic variants in the PRKN gene resulted in reduced expression of the respective mRNA
in PBMCs both in biallelic individuals and heterozygous PD patients, thus suggesting severe suppression
of PRKN mRNA levels as a common feature of PRKN-related PD. These findings are sound. However,
the small sample size and the single-centre design are among the limitations of this study. Therefore,
larger, multi-ethnic cohorts are warranted.

In the third paper, Tzortzakakis et al aim to provide normative reference data for oculomotor
parameters (optokinetic nystagmus, saccadic eye movements, and smooth pursuit eye movements)
using videonystagmography in a healthy Greek cohort (31 individuals). This is a well-scheduled study
providing good evidence of symmetrical oculomotor performance and age-related differences in
selected parameters, thus highlighting the importance of considering age effects when interpreting
oculomotor findings in healthy individuals. Taking into consideration the potential role of oculomotor
parameter analysis in the early detection of neurological disorders, including neurodegenerative diseases,
as well as in the differential diagnosis between central and peripheral nervous system pathologies,
this study provides good evidence for both clinical and research settings. However, the current study
is an initial normative dataset in a healthy adult population; continuous data collection may improve
representativeness.

Nikolaos Grigoriadis

Professor of Neurology
Avristotle University of Thessaloniki

7| EAAHNIKH
NEYPOAOTIKH
| ETAIPEIA



YUVTAaKTLKh Qpdda (Editorial Board)

Tuvtakukh Opabda (Editorial Board)

AiguBuviés Luvragns

. Mavvénounos (EOvikd kar Kanodiotpiakd Maveniothpio ABnvav, ABhva)

I. Napaokeuds, (EBvik6 kal Kanodiotpiakd Maveniothpio ABnvaov, ABhva)

I. ToiByounns (EBvikd kar Kanobdiotpiakd Mavenmothpio ABnvav & University of Tennessee Health
Sciences Center, Memphis, USA)

AvanAnpwtés AleuBuviés Xoviaéns

I. Agpetlh (Tevikd Noookopeio Manayewpyiou, ©ecoafovikn)

I'. Pouvtong (Meviké Noookopeio MNanayswpyiou, ©ecocanovikn)

Alk. TeploUdn (Anpokpiteio Maveniothpio Bpdkns, AdeEavdpounonn)

Zuvuakukn Enitponn:

Autévopo Neupiké Tuotnua

R. Delamont (King’'s College, London, UK)

W. Struhal (University of Tulln, Austria)

©. Bwpdaibns (ABnva, EAAGda)

E. Ztapnounis (EBviké kai Kanodiotpiaké Maveniotpio ABnvav, ABhva)
E. Xpévn (Mavenmotnpio Matpas, Matpa)

uhwWN =

Ayysiaka Eykepadikd Noonpata
A. Alexandrov (University of Tennessee Health Sciences Center, Memphis, USA)
J. Chang (MedStar Washington Hospital Center)
N. Goyal (University of Tennessee Health Sciences Center, Memphis, USA)
M. Kohrmann (University of Essen, Essen, Germany)
K. Malhotra (Allegheny Health Network, Pittsburgh, USA)
G. de Marchis (University of Basel, Basel, Switzerland)
M. Rubiera (Hospital Universitari Vall d'"Hebron, Barcelona, Spain)
M. Rubin (University of Tennessee Health Sciences Center, Memphis, USA)
E. Sandset (Oslo University Hospital, Oslo, Norway)
. A. Sarraj (The University of Texas McGovern Medical School, Houston, USA)
. P. Schellinger (Ruhr University of Bochum, Bochum, Germany)
. V. Sharma (National University Hospital, Singapore)
. A. Shoamanesh (McMaster University, ON, Canada)
. T. Steiner (University of Heidelberg, Heidelberg, Germany)
. D. Strbian (Helsinki University Central Hospital, Helsinki, Finland)
. D. A. de Susa (University of Lisbon, Lisbon, Portugal)
. N. Aptépns (Apiototéneio Maveniothpio Bscoanlovikns, ©gcoanovikn)
. K. Badikénias (Anpokpiteio Maveniothpio ©pdakns, Ale§avépounonn)
. L. NMavvonounos (EBviké kal Kanodiotpiaké Maveniothpio ABnvov, ABhva)
. K. Tupvénounos (Feviké Noookopeio Beagoanovikns Aylos Aoukds, Begoanovikn)
. I. EAAouA (Maveniothpio Matpas, Matpa)
. A. Kapakwotas (Apiototéneio Maveniothpio Becoadovikns, ©gscoanovikn)
. ©. Kapanavayiwtidéns (Apiototéneio Maveniothpio ©ecoanovikns, Becoafovikn)
. X. Kpoyias (Ruhr University of Bochum, Bochum, Germany)
. B. AioUtas (Harvard University, Boston, USA)
. N. Mnhtoias (Maveniothpio Kphtns, HpdkAgio & Wayne State University, Detroit, USA)

NNDNDNNNNS @A A -
OURWN-_OWLVONOURWNOLIXINIIULIAWN=

7| EAAHNIKH
NEYPOAQTIKH
) ETAIPEIA



YUVTAKTLKN Qpdda (Editorial Board)

27. T. PoUvtone (Feviké Noookopeio MNanayswpyiou, ©scoanovikn)

28. K. Znéyyos (Noookopeio Yyeia, ABnva)

29. T.ToiByounns (EBviko kal Kanodiotpiakd Maveniothpio ABnvav & University of Tennessee Health
Sciences Center, Memphis, USA)

MNaiboveupodoyia

1. B. Adpas (Harvard University, Boston, USA)

2. A. Euayyediou (Apiototéneio Maveniothpio ©scgoanovikns, ©ecoafovikn)
3. A. Zagszipiou (Apiototéneio Maveniothpio ©scoanovikns, ©scoafovikn)
4. A.ManaBaocifsiou (lacw Maidwv, ABAva)

KAivikh Neupoguoiodoyia

I. Kapdkns (Emory University, Atlanta, USA)

B. Kipiokiéns (Apiototéneio Maveniothpio Beagoanovikns, ©scoanovikn)
M. Kokoétns (EBviké kal Kanodiotpiakd Maveniothpio ABnvav, ABhva)

A. Kwbouvns (251 leviké Noookopeio Aeponopias, ABnva)

X. Mingpidou (Anpokpitelo Maveniothpio ©pdkns, Ale§avbpounonn)

E. Zrapnounns (EBviké kal Kanodiotpiakd Maveniothpio ABnvav, ABhva)
A. Taintolos (Anpokpitelo Maveniothpio ©pdkns, Ale€avdépounonn)

E. Xpoévn (Mavenmothpio MNatpas, Matpa)

ONOUTAWN =

Avo

1. X. Mnoupas (University of Geneva, Geneva, Switzerland)
2. T.Mapaokeuds (EBvikd kal Kanobiaotpiakoé Maveniothpio ABnvav, ABnva)
3. N. Zkappéas (EBvik6 kal Kanodiotpiakd Maveniothpio ABnvav, ABhva)

EnmiAnyia
M. Reuber (University of Sheffield, UK)

A. AyaBovikou (Fevikdé Noocokopeio ABnvwv KAT, ABhva)

A. ApQudavoynou (University Hospital of Lyon, Lyon, France)

I. Kapdkns (Emory University, Atlanta, USA)

B. Kipiokiéns (Apiototéneio Maveniothpio Beagoanovikns, ©scoanovikn)

M. Koutpoupaviéns (Guy’s and St Thomas’ NHS Foundation Trust, London, United Kingdom)
X. Mingpidou (Anpokpitelo Maveniothpio ©pdkns, Ade§avbpounonn)

M. NoAuxpovoénounos (Maveniothpio Matpas, MNatpa)

Aik. TeploUdn (Anpokpitelo Maveniothpio Bpdkns, Adegavépounonn)

LNV WN =

Kepadadyia
©. ABpapidns (Fevikdé Noookopeio ABnvawv EpuBpds Ztaupsds, ABnva)

1

2. K. Tupvénounos (Feviké Noookopeio ©scoafovikns Aylos Aoukds, ©scoafovikn)

3. M. MAataias (Mavemothpio Kphtns, HpdkAelo & Henry Ford Hospital - Wayne State University,
Detroit, USA)

4. A. Mntoikwaotas (EBviké kai Kanodiotpiaké Maveniothpio ABnvav, ABhva)

5. T.Pouvtong (Feviké6 Noookopeio Manayswpyiou, ©saoanovikn)

lotopia tns Neupodoyias
1. A. KapdaBatos (Apiototéneio Maveniothpio ©eccanovikns, ©eoocanovikn)
2. A. Tpidpxou (Maveniothpio Makedovias, ©scoanovikn)

7| EAAHNIKH
NEYPOAOTIKH
| ETAIPEIA



YUVTAaKTLKh Qpdda (Editorial Board)

EnsuBaukn Neuponoyia
1. N. Goyal (University of Tennessee Health Sciences Center, Memphis, USA)
2. A. Sarraj (The University of Texas McGovern Medical School, Houston, USA)

Kivnukés Alatapaxés

1. M. Apvaoutoyndou (Apiototéfeio Maveniothpio ©scoanovikns, Beaoanovikn)
2. Z. Kovitoiwtns (Maveniothpio lwavvivwy, lwdvviva)

3. M. MoAiwns (University of Exeter, UK)
4
5

M. Ztapénou (University of Marburg, Germany)
A. Ztiepavns (EBviké kal Kanodiotpiakoé Maveniothpio ABnvav, ABhva)

Neupoyeveukn
K. Kleopa (Cyprus Institute of Neurology and Genetics, Cyprus)

I. Koutons (EBvikd kal Kanobiotpiakéd Maveniothpio ABnvwv, ABnva)
A. Mévos (University of Pennsylvania, Philadelphia, USA)
I. Xatwnyewpyiou (Mavenmiothpio Kunpou, Asukwaid, Kunpos)

PWN=

Neupoavooonoyia

1. R. Gold (Ruhr University of Bochum, Bochum, Germany)

2. M. Hadjivassiliou (University of Sheffield, UK)

3. K. Bouppoupdkns (EBviké kal Kanodiotpiakd Maveniothpio ABnvwv, ABhva)
4. N. T'pnyopiadns (Apiototéneio Maveniothpio ©scoanovikns, ©scoanovikn)
5

6

7

8

I. Aepetn (Fevikd Noookopeio Manayswpyiou, ©ccoanovikn)
E.M. Euayyenonounou (EBvik6 kal Kanodiotpiakd Maveniothpio ABnvaov, ABhva)
I. HAiénounos (Anpokpitelo Maveniothpio Bpdkns, Adegavépounonn)
A. Kannos (University of Basel, Basel, Switzerland)
9. K. Kufivinpéas (EBvik6 kai Kanobiotpiakd Maveniothpio ABnvaov, ABhva)
10. A. Moévos (University of Pennsylvania, Philadelphia, USA)
11. M. Mnodikn (Apiototéneio Maveniothpio Osaocanovikns, ©eccanovikn)
12. M. NanaBavacoénounos (Maveniothpio Matpas, Natpa)
13. T. Xat¢nyswpyiou (Maveniothpio Kunpou, Asukwaid, Kinpos)

Neupoevtaukn
J. Chang (MedStar Washington Hospital Center)

1
2. T. Steiner (University of Heidelberg, Heidelberg, Germany)

3. . Bapends (Albany Medical College, Albany, USA)

4. K. Anpntpiadns (Ludwig-Maximillians University Munich, Germany)
5. A. Kadns (Apiototéneio Maveniothpio ©cocoanovikns, Beaaanovikn)
6. X.Kpodyias (Ruhr University of Bochum, Bochum, Germany)

7. T.Pouvton (Feviké Noookopeio MNanayswpyiou, ©scoanovikn)

Eknaibsuon owtn Neuponoyia

1. ©. ABpapidns (Feviké Noookopeio ABnvawv EpuBpds Ltaupds, ABnva)

2. K. Babikénias (Anpokpitelo Maveniothpio ©pdkns, Ale€avdépounonn)

3. T. Bapends (Albany Medical College, Albany, USA)

4. K. BoupPoupdkns ((EBvikéd kai Kanobiatpiakoé Maveniothpio ABnvav, ABnva)
5

6

7

8

N. F'pnyopiddns (Apiototéneio Maveniothpio Beagoanovikns, ©scoanovikn)

I. Aepetn (Fevikd Noookopeio Manayswpyiou, ©ccoanovikn)

K. Kufivinpéas (EBviké kal Kanobiotplakd Maveniothpio ABnvwv, ABnva)

M. Mntolas (Maveniothpio Kphtns, HpdkAgio & Henry Ford Hospital - Wayne State University,
Detroit, USA)

7| EAAHNIKH
NEYPOAQTIKH
) ETAIPEIA



9.

10.
. A\. Ztepavns (EBviko6 kal Kanodiotpiakd Maveniothpio ABnvav, ABhva)
12.

13.

YUVTAKTLKN Qpdda (Editorial Board)

I. MuAwvas (Apiototéneio Maveniothpio ©ecoanovikns, Beagoanovikn)
I'. Pouvton (Meviké Noookopeio Manayswpyiou, ©scoanovikn)

I'. ToiByounns (EBviké kal Kanobdiotplaké Maveniothpio ABnvav & University of Tennessee
Health Sciences Center, Memphis, USA)
I. Xat¢nyewpyiou (Mavemotnpio Kunpou, Acukwaia, Kunpos)

EUPOUUIKES SlatapaxEs

N
1
2
3.
4.
5
6
7

C. McDermott (University of Sheffield, UK)

©. ABpapidns (Fevikdé Noookopeio ABnvawv EpuBpds Ztaupds, ABnva)

M. AaBakn (EOvikd kal Kanodiotpiaké Maveniothpio ABnvawv, ABnva)

I. Maupopdtns (Apiototéneio Maveniothpio ©scoanovikns, ©ecoanovikn)
A. Manadnpntpiou (Maveniothpio Beaoanias, Adpioa)

E. Zrapnounns (EBviké kail Kanodiotpiakd Maveniothpio ABnvav, ABhva)
N. Tdokos (Apiototéneio Maveniothpio ©scoanovikns, ©eccanovikn)

Neupo-oykodoyia

1.

A. Kupitons (Maveniothpio lwavvivwy, lwdavviva)

Neupo-o@pBOaduonoyia

I. Eubokipiéns (EBviké kai Kanobiotpiakoé Maveniothpio ABnvav, ABnva)
I. HAiénounos (Anpokpitelo Maveniothpio ©pdkns, Adeavépounonn)

A. KapaBatos (Apiototéneio Maveniothpio ©scoanovikns, ©ecoanovikn)
X. Mnakiptns (Apiototéneio Maveniothpio ©sccanovikns, ©eaocanovikn)

1.

2.

Neupowuxonoyia - NeupoyuxiatpiKn

1. T. Asdaténas (Universite Paris Descartes, Paris, France)

2.

3.

4. X. Mnoupas (University of Geneva, Geneva, Switzerland)
5. N. Popndkns (Mounti Sinai, New York, USA)

6

M. Zuyyendkns (Feviké Noookopeio Manayswpyiou, ©ccoafovikn)

supoakuvonoyia kai Neupoungpnxoypagia

N
1
2
3.
4.
5
6
7
8

9

10.
11.
12.

13.
14.
15.

16.

M. Rubiera (Hospital Universitari Vall d’'Hebron, Barcelona, Spain)

M. Rubin (University of Tennessee Health Sciences Center, Memphis, USA)

N. Aptépuns (Apiototéneio Maveniothpio ©eacanovikns, ©ecoanovikn)

K. Badikénias (Anpokpiteio Maveniothpio ©pdkns, Ale§avdpounonn)

N. BAaikidns (Apiototéneio Maveniothpio ©sccanovikns, ©ecocanovikn)

. Navvénounos (EBvik6 kal Kanodiotpiakd Maveniothpio ABnvwv, ABhva)

I. HAiénounos (Anpokpitelo Maveniothpio ©pdkns, Adeavépounonn)

©. Kapanavayiwtiéns (Apiototéfeio MNaveniothpio ©ccoanovikns, Beaoanovikn)

X. KéAnias (University of Zurich, Zurich, Switzerland)

X. Kpoyias (Ruhr University of Bochum, Bochum Germany)

B. AloUtas (Harvard University, Boston, USA)

M. Mhatoias (Mavemothpio Kphtns, Hpdkielo & Henry Ford Hospital - Wayne State University,
Detroit, USA)

M. MoAitns (University of Exeter, UK)

©. Téyos (Apiototéneio Maveniothpio ©scoanovikns, ©ecocanovikn)

I'. ToiByounns (EBviké kai Kanodiotpiako Maveniothpio ABnvav & University of Tennessee Health
Sciences Center, Memphis, USA)

A. Xapitdvin-Koupidou (Apiototéneio Maveniothpio ©sooanovikns, ©ecoanovikn)

7| EAAHNIKH
NEYPOAOTIKH
| ETAIPEIA



10

57| EAAHNIKH
NEYPOAOTIKH
ETAIPEIA

YUVTaKtlkh Opudda (Editorial Board)

Mévos

1.
2.

A. Paladini (L'Aquila University, Italy)
G. Varrassi (Paolo Procacci Foundation, Italy)

latpikn tou’Ynvou

1.
2.
3.

A. Byévtdas (Mavemothpio Kunpou, Asukwaoia, Kunpos)
M. Mnapyiwtas (Maveniothpio Kunpou, Asukwaoia, Kunpos)
Aik. Teploudn (Anpokpitelo Maveniothpio Bpdkns, Adegavdpounonn)



11

Editorial Board

Editorial Board

Editors in Chief

Giannopoulos S (National & Kapodistrian University of Athens, Athens, Greece)

Paraskevas G (National & Kapodistrian University of Athens, Athens, Greece)

Tsivgoulis G (National & Kapodistrian University of Athens, Athens, Greece & University of Tennessee
Health Sciences Center, Memphis, USA)

Associate Editors

Deretzi G (Papageorgiou Hospital, Thessaloniki, Greece)

Rudolf J (Papageorgiou Hospital, Thessaloniki, Greece)

Terzoudi A (Democritus University of Thrace, Alexandroupolis, Greece)

Editorial Board:

Autonomic Nervous System

Chroni E (University of Patras, Patras, Greece)

Delamont R (King’'s College, London, UK)

Stamboulis E (National & Kapodistrian University of Athens, Greece)
Struhal W (University of Tulln, Austria)

Thomaidis T (Athens, Greece)

uhwN =

Cerebrovascular Diseases

1. Alexandrov A (University of Tennessee Health Sciences Center, Memphis, USA)
2. Artemis N (Aristotle University of Thessaloniki, Thessaloniki, Greece)

3. Chang J (MedStar Washington Hospital Center)

4, Ellul J (University of Patras, Patras Greece)

5. Giannopoulos S (National & Kapodistrian University of Athens, Athens, Greece)
6. Gimnopoulos K (St Luke Hospital, Thessaloniki, Greece)

7. Goyal N (University of Tennessee Health Sciences Center, Memphis, USA)

8. Karakostas D (Aristotle University of Thessaloniki, Thessaloniki, Greece)

9. Karapanayiotides T (Aristotle University of Thessaloniki, Thessaloniki, Greece)
10. Kohrmann M (University of Essen, Essen, Germany)

11.  Krogias C (Ruhr University of Bochum, Bochum Germany)

12. Lioutas V (Harvard University, Boston, USA)

13. Malhotra K (Allegheny Health Network, Pittsburgh, USA)

14. De Marchis G (University of Basel, Basel, Switzerland)

15.  Mitsias P (University of Crete, Heraklion, Greece & Wayne State University, Detroit, USA)
16.  Rubiera M (Hospital Universitari Vall d'Hebron, Barcelona, Spain)

17.  Rubin M (University of Tennessee Health Sciences Center, Memphis, USA)

18. Rudolf J (Papageorgiou Hospital, Thessaloniki, Greece)

19. Sandset E (Oslo University Hospital, Oslo, Norway)

20. Sarraj A (The University of Texas McGovern Medical School, Houston, USA)

21.  Schellinger P (Ruhr University of Bochum, Bochum, Germany)

22.  Sharma V (National University Hospital, Singapore)

23. Shoamanesh A (McMaster University, ON, Canada)

24.  Spengos K (Hygeia Hospital, Athens, Greece)

25.  Steiner T (University of Heidelberg, Heidelberg, Germany)

26.  Strbian D (Helsinki University Central Hospital, Helsinki, Finland)

27. De Susa D.A. (University of Lisbon, Lisbon, Portugal)

7| EAAHNIKH
NEYPOAOTIKH
| ETAIPEIA



12

Editorial Board

28. Tsivgoulis G (National & Kapodistrian University of Athens, Athens, Greece & University of
Tennessee Health Sciences Center, Memphis, USA)
29. Vadikolias K (Democritus University of Thrace, Alexandroupolis, Greece)

Child Neurology

1. Daras B (Harvard University, Boston, USA)

2 Evaggeliou A (Aristotle University of Thessaloniki, Greece)

3. Papavassileiou A (laso Children’s Hospital, Athens, Greece)

4 Zafiriou D (Aristotle University of Thessaloniki, Thessaloniki, Greece)

Clinical Neurophysiology

Chroni E (University of Patras, Patras, Greece)

Karakis | (Emory University, Atlanta, USA)

Kimiskidis V (Aristotle University of Thessaloniki, Thessaloniki, Greece)
Kodounis A (251 Air Force General Hospital, Athens, Greece)

Kokotis P (National & Kapodistrian University of Athens, Athens, Greece)
Piperidou H (Democritus University of Thrace, Alexandroupolis, Greece)
Stamboulis E (National & Kapodistrian University of Athens, Athens, Greece)
Tsiptsios D (Democritus University of Thrace, Alexandroupolis, Greece)

ONOUVTARWN =

Dementia

1. Bouras C (University of Geneva, Geneva, Switzerland)

2. Paraskevas G (National & Kapodistrian University of Athens, Athens, Greece)
3. Skarmeas N (National & Kapodistrian University of Athens, Athens, Greece)

Epilepsy

1. Agathonikou A (KAT Attica General Hospital, Greece)

2. Arzimanoglou A (University Hospital of Lyon, Lyon, France)

3. Karakis | (Emory University, Atlanta, USA)

4, Kimiskidis V (Aristotle University of Thessaloniki, Greece)

5. Koutroumanidis Michalis (Guy’s and St Thomas’ NHS Foundation Trust, London, United

Kingdom)

Piperidou H (Democritus University of Thrace, Alexandroupolis, Greece)
Polychronopoulos P (University of Patras, Patras Greece)

Reuber M (University of Sheffield, UK)

Terzoudi A (Democritus University of Thrace, Alexandroupolis, Greece)

O N

Headache and Pain

1. Avramidis T (Red Cross Hospital, Athens, Greece)

2. Gimnopoulos K (St Luke Hospital, Thessaloniki, Greece)

3. Mitsias P (University of Crete, Heraklion, Greece & Henry Ford Hospital - Wayne State
University, Detroit, USA)

4, Mitsikostas DD (National & Kapodistrian University of Athens, Athens Greece)

5 Rudolf J (Papageorgiou Hospital, Thessaloniki, Greece)

History of Neurology
1. Karavatos A (Aristotle University of Thessaloniki, Thessaloniki, Greece)
2. Triarchou L (University of Macedonia, Thessaloniki, Greece)

7| EAAHNIKH
NEYPOAQTIKH
) ETAIPEIA



13

Editorial Board

Interventional Neurology

1.
2.

Goyal N (University of Tennessee Health Sciences Center, Memphis, USA)
Sarraj A (The University of Texas McGovern Medical School, Houston, USA)

Movement Disorders

uhWwNn =

Arnaoutoglou M (Aristotle University of Thessaloniki, Thessaloniki, Greece)
Konitsiotis S (University of loannina, Greece)

Politis M (University of Exeter, UK)

Stamelou M (University of Marburg, Germany)

Stefanis L (National & Kapodistrian University of Athens, Athens, Greece)

Neurogenetics

1

2.
3.
4.

Hadjigeorgiou GM (University of Cyprus, Nicosia, Cyprus)

Kleopa K (Cyprus Institute of Neurology and Genetics, Cyprus)

Koutsis G (National & Kapodistrian University of Athens, Athens Greece)
Monos DS (University of Pennsylvania, Philadelphia, USA)

Neuroimmunology

ONOUnAWN =

9

10.
11.
12.
13.

Boziki M (Aristotle University of Thessaloniki, Thessaloniki, Greece)

Deretzi G (Papageorgiou Hospital, Thessaloniki, Greece)

Evaggelopoulou E-M (National & Kapodistrian University of Athens, Athens, Greece)
Gold R (Ruhr University of Bochum, Bochum, Germany)

Grigoriadis N (Aristotle University of Thessaloniki, Thessaloniki, Greece)
Hadjigeorgiou GM (University of Cyprus, Nicosia, Cyprus)

Hadjivassiliou M (University of Sheffield, UK)

lliopoulos | (Democritus University of Thrace, Alexandroupolis, Greece)

Kappos L (University of Basel, Basel, Switzerland)

Kilidireas K (National & Kapodistrian University of Athens, Athens, Greece)
Monos DS (University of Pennsylvania, Philadelphia, USA)

Papathanassopoulos P (University of Patras, Patras, Greece)

Voumvourakis K (National & Kapodistrian University of Athens, Athens, Greece)

Neurointensive Care

NoukhwnN=

Dimitriadis K (Ludwig-Maximillians University Munich, Germany)

Chang J (MedStar Washington Hospital Center, Washington, D.C., USA)
Kazis D (Aristotle University of Thessaloniki, Thessaloniki, Greece)
Krogias C (Ruhr University of Bochum, Bochum, Germany)

Rudolf J (Papageorgiou Hospital, Thessaloniki, Greece)

Steiner T (University of Heidelberg, Heidelberg, Germany)

Varelas P (Albany Medical College, Albany, USA)

Neurology Education

LWONoUTAWN=

Avramidis T (Red Cross Hospital, Athens, Greece)

Deretzi G (Papageorgiou Hospital, Thessaloniki, Greece)

Grigoriadis N (Aristotle University of Thessaloniki, Thessaloniki, Greece)

Hadjigeorgiou GM (University of Cyprus, Nicosia, Cyprus)

Kilidireas K (National & Kapodistrian University of Athens, Athens, Greece)

Milonas | (Aristotle University of Thessaloniki, Thessaloniki, Greece)

Mitsias P (University of Crete, Heraklion, Greece & Wayne State University, Detroit, USA)
Rudolf J (Papageorgiou Hospital, Thessaloniki, Greece)

Stefanis L (National & Kapodistrian University of Athens, Greece)

7| EAAHNIKH
NEYPOAOTIKH
| ETAIPEIA



14

Editorial Board

10. Tsivgoulis G (National & Kapodistrian University of Athens, Athens, Greece & University of
Tennessee Health Sciences Center, Memphis, USA)

11.  Vadikolias K (Democritus University of Thrace, Alexandroupolis, Greece)

12.  Varelas P (Albany Medical College, Albany, USA)

13. Voumvourakis K (National & Kapodistrian University of Athens, Athens, Greece)

Neuromuscular Disorders

Avramidis T (Red Cross Hospital, Athens, Greece)

Chroni E (University of Patras, Patras, Greece)

Davaki P (National & Kapodistrian University of Athens, Greece)

McDermott C (University of Sheffield, UK)

Mavromatis | (Aristotle University of Thessaloniki, Greece)

Papadimitriou A (University of Thessaly, Larissa, Greece)

Stamboulis E (National & Kapodistrian University of Athens, Athens, Greece)
Taskos N (Aristotle University of Thessaloniki, Greece)

ONOUAWN =

Neurooncology
1. Kyritsis A (University of loannina, loannina, Greece)

Neuro-opthalmology
1. Evdokimidis | (National & Kapodistrian University of Athens, Athens, Greece)
2. lliopoulos | (Democritus University of Thrace, Alexandroupolis, Greece)

Neuropsychology - Neuropsychiatry

Bakirtzis C (Aristotle University of Thessaloniki, Thessaloniki, Greece)
Bouras C (University of Geneva, Geneva, Switzerland)

Delatolas G (Universite Paris Descartes, Paris, France)

Karavatos A (Aristotle University of Thessaloniki, Thessaloniki, Greece)
Rombakis N (Mount Sinai, New York, USA)

Syngelakis M (Papageorgiou, General Hospital of Thessaloniki, Greece)

oA WN=

Neuroradiology and Neurosonology

Artemis N (Aristotle University of Thessaloniki, Thessaloniki, Greece)
Charitanti-Kouridou A (Aristotle University of Thessaloniki, Thessaloniki, Greece)
Giannopoulos S (National & Kapodistrian University of Athens, Athens, Greece)
lliopoulos | (Democritus University of Thrace, Alexandroupolis, Greece)

Karapanayiotides T (Aristotle University of Thessaloniki, Thessaloniki, Greece)

Kollias S (University of Zurich, Zurich, Switzerland)

Krogias C (Ruhr University of Bochum, Bochum Germany)

Lioutas V (Harvard University, Boston, USA)

Mitsias P (University of Crete, Heraklion, Greece & Wayne State University, Detroit, USA)
Politis M (University of Exeter, UK)

Rubiera M (Hospital Universitari Vall d’Hebron, Barcelona, Spain)

Rubin M (University of Tennessee Health Sciences Center, Memphis, USA)

Tegos T (Aristotle University of Thessaloniki, Thessaloniki, Greece)

Tsivgoulis G (National & Kapodistrian University of Athens, Athens, Greece & University of
Tennessee Health Sciences Center, Memphis, USA)

Vadikolias K (Democritus University of Thrace, Alexandroupolis, Greece)

Vlaikidis N (Aristotle University of Thessaloniki, Thessaloniki, Greece)

LNV AWN=

— o
pPWN=O

— —
o w

7| EAAHNIKH
NEYPOAQTIKH
) ETAIPEIA



Editorial Board

Pain
1. Paladini A (L'Aquila University, Italy)
2. Varrassi G (Paolo Procacci Foundation, Italy)

Sleep Medicine

1. Bargiotas P (University of Cyprus, Nicosia, Cyprus)

2. Terzoudi A (Democritus University of Thrace, Alexandroupolis, Greece)
3. Vgontzas A (University of Crete, Heraklion, Greece)

15

7] EAAHNIKH
NEYPOAOTIKH
ETAIPEIA






ApOpa...

«H énpooieuon dpBpwv ato nepiobikd “APXEIA KAINIKHE NEYPOAOIIAX " 6ev bniwver anoboxn
vV anowewv kai Béoewv tou ouyypapéa and ty Zuviakukn Emitponn n ty ENE»

«TO MEPIEXSIEVO TWV KATaxwpnoewy gival EUBUVN TV ETAIPEIDY MOU avapepovial
Kai oQeiel va akoNouBer tis npoBAendueves vOuILES MPoUnoBEoeis»

«H xprion epyaneiwv, KAIUdKwY kai NoyIouIKOU MoU avapePETal atis epyaoies eival euBuvn
WV OUYYPapewy, ol orofol npemel va éxouv €aopaniosl TS OXEUKES dOglEs
Kai va ts kpatouv oTo Mpoowriiko TOUS apxeio»



18 EPEYNHTIKH EPTAXIA RESEARCH PAPER

VALIDATION OF BLOOD PRKN MRNA EXPRESSION AS A
BIOMARKER FOR PRKN-RELATED PARKINSON'S DISEASE
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ABSTRACT

Background: Mutations in the PRKN gene, encoding the E3 ubiquitin ligase Parkin, are a major cause of
early—onset, autosomal recessive Parkinson’s disease (PD). Identifying carriers currently requires complex
genetic testing. Prior work suggested that PRKN mRNA levels in peripheral blood mononuclear cells (PB-
MCs) may discriminate PRKN-related PD from idiopathic PD (iPD) and controls. Objective: To validate and
expand previous findings using a partially independent cohort and a novel RT-PCR primer set, assessing
the diagnostic potential of PRKN mRNA qualification as a screening tool for PRKN-related PD. Methods:
PBMCs were isolated from 7 PRKN-related PD patients (3 biallelic, 4 heterozygous), 8 iPD patients and
7 matched healthy controls. PRKN mRNA expression was quantified using RT-PCR with newly designed
primes. Genetic characterisation employed Mulpiplex Ligation-dependent Probe Amplification (MLPA) and
Whole Exome Sequencing (WES). Statistical comparisons were performed using ANOVA with post hoc
tests and diagnostic accuracy was assessed by ROC analysis. Results: PRKN mRNA levels were significantly
reduced in PRKN-related PD compared to controls (181-fold or 99,45% lower, p=0,0041) and iPD (74-fold
or 98,7% lower, p=0,021). Expression levels were uniformly low in both biallelic and heterozygous carriers.
ROC analysis showed 100% sensitivity and specificity for distinguishing PRKN mutation carriers from non-
carriers (PPV=100%, 95% Cl: 72,3-100%). Conclusion: Peripheral PRKN mRNA quantification is a highly
sensitive and specific marker for PRKN mutation carrier status in PD, including in the heterozygous state.
This non-invasive assay holds promise as a rapid screening tool, but warrants larger, multicentre validation.

Keywords: Parkinson’s disease, Parkin, PRKN, PBMCs, RT-PCR

AZIOAOINHZH THZ EKOPAXHZ MRNA TOY IONIAIOY
PRKN ZTO MEPIOEPIKO AIMA QX BIOAEIKTHTIATH
NOZO TOY MNAPKINZON MNMOY ZXETIZETAI ME METAAAA-
TEIX TOY TONIAIOY THZ MNAPKINHXZ

EAiva Zinidyka', NikéAaos lManayiavvdkns’, ABavdoios Staupdnounos?, Mativa Mavidin?, lewpyia Kapabnua', Nikéfaos Payalos’,
Xpuooufa Kaptdvou', lewpyios Koutons', MepikAns MakpuBavdons??, Mapia FuoUpn?, Newvibas Xtepavis'?

"' 1n Neuponoyikn KAvikn, latpikn XxoAn, EQviké kar Kanobiotpiakd lMaveniotiuio ABnvav (EKIMA), ABnva
2 16pua Bioiatpikwv Epsuvadv ts Akabnuias ABnvav (IBEAA), Abhva
3 Epyaotnpio latpikns leveukns, latpikn Xxon, EOviké kar Kanobiotpiakd Maverotnuio ABnvav, ABnva

NEPIAHWH

Ynopadpo: Metaddageis oto yovidio s napkivns (PRKN), nou kwdikonoiei v E3 oufikourtivn-niydon
napkivn, anotedolv onpavukn artia npwipns évapéns, autoowuikns unodsmdpevns vooou tou lMapkivoov
(N). H avayvwpion @opéwv anaitei onpepa noAunioko yeveukd éfeyxo. MponyoUpeves uenétes €deifav
6u ta enineda MRNA tou PRKN o€ povonupnva kUttapa nepipepikoy aipatos pnopei va diakpivouv
v60o0 tou Mdpkivoov nou oxetiCetal pe PRKN and v 1dionabn popen kai and uyieis pdptupes. Ikonds: H
eNIKUPWON Kal ENEKTAON MPONYOUHEVWY EUPNUATWY HE TN XPNON PEPIKWDS aveEdptntou Oefypatos kal evos
véou oet ekkivntwv RT-PCR, a&lofoydvtas tn Siayvwotkn affa s nocoukonoinons tou mMRNA tou PRKN
ws gpyansiou npooupntwpatkoU eAéyxou yia t véoo nou oxetiCetal pe PRKN. MéBobdol: AnopovmBnkav
PBMCs ané 7 aoBeveis pe vooo Mapkivoov oxeuldpevn pe PRKN (3 pe opdluyes petanidters, 4 etepdluyor),
8 aobeveis pe 1610nabh véoo Mdpkivoov kal 7 uyiels pdpwpes. H ékppaon tou mRNA tou PRKN
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nocoukononBnke pe Real time — Polymerase Chain Reaction (RT-PCR) Xxpnolponolivias VEOUS EKKIVNTES.
O yeveukds xapakinplopos npaypatonomdnke pe MLPA kar aAdndoUxion ondékAnpou e€mpatos (WES). Ol
OTauUOUKES ouykpioels gyivav pe ANOVA kar Sokiyés post hoc, evid n diayvwoukh akpifeia a§iodoyhBnke
pe avdduon ROC. Anotedéopata: Ta enineda mRNA tou PRKN nAtav onpavukd peiwpéva otn vooo
Mépkivoov nou oxetiCetal pe PRKN og oUykpion pe tous uyieis paptupes (181 popés h 99,45% xaunnotepa,
p=0,0041) kai ye tnv 16ionabn popen (74 opés N 98,7% xaunddtepa, p=0,021). Ta enineda ékppaons
ATav opoIGPOPPA XapnAd 1Oo0 o€ opdluya dtoua ye petanndgn 6oo kail oe etepoluyous opeis. H avanuon
ROC ¢6eite 100% euaiobnoia kar eidikdtnta on didkpion @opéwv petanidaewv PRKN and pn @opeis
(PPV=100%, 95% Cl: 72,3-100%). Yupnepdopata: H nocoukonoinon tou mMRNA tou yovibiou PRKN oto
nepIpepIké aipa anotensl évav e€aipetikd euaiobnto kal €161k6 deiktn yia tnv napouocia petanidgewyv PRKN
ot véoo Mépkivoov, akdun kal oty etepoluyn katdotaon. H un enepBatkn auth péBodos napouoiadel
NPOOMTUKES WS YPAYOPO Kal EUxpnato epyaneio npocupntwpatkoU eféyxou, anid anaiteital eniBeBaiwon

pe peyanUtepes, NONUKEVIPIKES PENETES.

Né€eis-kAe1d1a: Nooos Mapkivoov, Parkin, PRKN, PBMCs, RT-PCR
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INTRODUCTION

Parkinson’s disease (PD) is the second most common
neurodegenerative disorder, affecting 1% of
individuals over 60 years old." Mutations in PRKN,
encoding the mitochondrial quality —control protein
Parkin, cause up to 50% of early —onset autosomal
recessive PD (ARPD).[251 PRKN-associated PD is
characterised by early onset, slow progression and
marked dopaminergic responsiveness, but genetic
confirmation requires advanced laboratory methods.
[4.5)

Parkin acts in the PINK1/Parkin pathway to remove
damaged mitochondria via mitophagy. Loss-of-func-
tion PRKN mutations reduce mitochondrial quality
control, contributing to selective degeneration of
substantia nigra pars compacta dopaminergic neu-
rons.'®” In addition to biallelic pathogenic variants,
the role of heterozygous variants as disease suscep-
tibility factors is under investigation.®!

We previously demonstrated that PRKN mRNA
levels in PBMCs could accurately differentiate PRKN-
related PD from iPD and controls.”! The present study
aimed to independently validate these findings using

Archives of Clinical Neurology 35:4-2026, 19-23

a novel RT-PCR primer design and additional subjects
with PRKN mutations, exploring the potential of
PRKN mRNA quantification as a clinically feasible
screening tool.

MATERIALS AND METHODS

Participants

These groups were enrolled at the First Dept of
Neurology, Eginition University Hospital, Athens,
Greece:

e PRKN-related PD (n=7,3 biallelic, 4 heterozy-

gous)

¢ |diopathic PD (n=8)

e Healthy controls (n=7)

Groups were matched for age and sex where
possible. All participants provided written informed
consent. Ethical approval was obtained from the
Scientific Committee of Eginition Hospital.

Genetic analysis: PRKN variants were identified
using MLPA (Neurogenetics Unit, Eginition Hospital)
and WES (Greek Genome Centre, BRFAA). Variant
classification followed ACMG guidelines. Further de-
tails on the methods of genetic testing are provided
by Papagiannakis et al (2024).”

PBMC Isolation, RNA extraction and Reverse Tran-
scription: PBMCs were isolated by Ficoll gradient
classification. Total RNA was extracted, quantified
(NanoDrop), and assessed for integrity. Reverse tran-
scription was performed using random hexamers.
Further details on these methods are provided by
Papagiannakis et al (2024).”)

Quantitative RT-PCR: A novel primer pair targeting
PRKN with the following sequences:

e PRKN forward primer: 5" - AAA ACC ACC

AAG CCC TGT C-3'
e PRKN reverse primer: 5" TGC GGA CAC TTC
ATG TGC- 3’

was designed to optimise amplification efficiency.

The aforementioned primer pair produced better
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meting curves in the subsequent trial of RT-PCR
compared to the ones used in Papagiannakis et al.
(2024), and therefore it was used in all subsequent
analyses. GADPH served as the reference gene. Rela-
tive expression levels were calculated using the AACt
method. Apart from the novel primer set, the meth-
odology followed the lines of Papagiannakis et al
(2024).

Statistical Analysis: Group comparisons used one-
way ANOVA with Bonferoni correction. ROC analy-
sis determined sensitivity, specificity and predictive
values.

RESULTS

Participant characteristics

No significant difference in age or sex distribution
was observed between groups (p>0.05). PRKN-
related PD patients had an earlier mean age of
onset (38,3 + 10,2 years) compared to iPD (56,5

PRKN
=
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o PD—® oL ® o o §
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w
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Relative PRKN mRNA expression levels (fold change)

Figure 1. Relative PRKN mRNA expression (fold change)
among groups (Controls, PD, PRKN).

+ 7,7 years) (Table 1). The PRKN mutation types
and their clinical significance are depicted in Table
2. The samples with the genetic background of
c101_102delAG;Exon 7 del (7), Exon 2 del (3)
and Exon 6: c540delinsGC:pV181Rfs*16 (5) have
already been tested with the PRKN mRNA assay in
our previous study,” while the samples with the
variants c401T>C (6), c758G>A; exon 2 deletion
(4), c101_102delAG homozygous (1) and c376C>T
(2) were tested for the first time, which permits us
to verify, using yet another primer set, and extend
our previous findings.
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Figure 2. Relative PRKN mRNA expression levels (%
fold change) among PRKN mutation carriers (bialellic,
heterozygotes).

CH- ¢.101_102del, exon 7 del
c.401T>G

exon6: c.540delinsGC:p.V181R1s*16:
exon 2 del

¢.376C>T

c.758G>A, exon 2 del

hom ¢.101_102delAG

PRKN mutations

0.0 0.5 1.0 1.5 20
Relative PRKN mRNA expression levels (% fold change)

Figure 3. Relative PRKN mRNA expression levels (%
fold change) among PRKN mutations carriers (regard-
ing type of mutation).

PRKN mRNA Expression: PRKN mRNA levels dif-
fered significantly between groups (p<0.0001). Ex-
pression was markedly reduced in PRKN-related PD
samples compared to both controls and iPD (Figure
1). PRKN expression levels were decreased in biallelic
and heterozygous PRKN mutation carrier PD patients
compared to healthy controls (181-fold or 99,45%
lower) and this relation was statistically significant
(p-value=0.0004). Similarly, mRNA levels were sig-
nificantly decreased in PRKN-related PD compared to
iPD (74-fold or 98,7% lower, p-value=0.0210). PRKN
mMRNA levels were slightly decreased in iPD compared
to healthy controls (2,44-fold or 59% lower), but
this relationship was not statistically significant (p-
value=0.6497) (Table 3). PRKN mRNA levels were
uniformly very low in all PRKN mutation carriers, even
heterozygotes (Figures 1,2). In fact, heterozygote
MRNA levels were not significantly different from
biallelic carriers (p-value=0.6458). Individual values

Table 1. Demographic characteristics of study participants.

Characteristics CT (n=7) iPD (n=8) PRKN (n=7)
Mean age (years) 59.9(11.6) 59.9 (7.5) 46.7 (14.4)
Mean age of onset - 56.5(7.71) 38.29(10.19)
Sex (M/F) 1/6 5/3 4/3

Disease duration (years) - 2.88(1.22) 8.67 (8.03)
PRKN mutations (Bial/Het) - - 3/4

CT: controls; iPD: idiopathic Parkinson disease patients; PRKN: Parkin-related Pakinson’s disease patients; M:
male; F: female; Bial: biallelic; Het: heterozygous; Standard Deviation in parentheses.
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Table 2. Type of mutation of PRKN-related PD patients and clinical significance.

Patient |Mutation Status Clinical Signifi- |Protein
cance
1 c.101_102delAG Homozygous Pathogenic p.GIn34Argfs*5
2 €.376C>T (exon 4) Heterozygous Pathogenic-likely |p.Arg126Trp
pathogenic
3 Exon 2 del Heterozygous Pathogenic -
4 C.758G>A; exon 7 del Compound heterozy- |Pathogenic/likely |p.Cys253Tyr
gous pathogenic
5 Exon 6: Heterozygous Uncertain signifi- |p.V181Rfs*16
c540delinsGC:pV181Rfs* 16 cance
6 c401T>C Heterozygous Uncertain signifi- | p.Leu.134Pro
cance
7 c101_102delAG; exon 7 del | Compound Heterozy- |Pathogenic p.GIn34fs
gous
Table 3. Fold-change of expression levels and % PRKN expression reduction between the 3 groups.
Groups Fold-change % PRKN expression p-value
iPD vs CT 2,44-fold lower 59% lower 0.6497 (ns)
PRKN vs CT 74-fold lower 98,7% lower 0.0004 (***)
PRKN vs iPD 181-fold lower 99,45% lower 0.0210 (*)

CT: controls; iPD: idiopathic Parkinson disease patients; PRKN: Parkin-related Pakinson’s disease patients and

their statistical significance (p-value).

for each PRKN-PD subject are presented in Figure 3.

Diagnostic Performance

ROC analysis was performed to assess the usefulness
of PRKN-expression levels as discriminator of the
presence of PRKN variants in PD patients. The area
under the curve was 1000 (95% confidence intervals
1.000 to 1.000), for the cut-off value of PRKN mRNA
expression Ct=32.85, yielding a sensitivity of 100
% (64.57-100%) and a specificity of 100% (67.56-
100%). In the context of PD, the positive predictive
value of low PRKN expression levels for the presence
of heterozygote or biallelic PRKN-variants was 100%
(72.3%-100%) (Figure 4).

DISCUSSION

Our study provides new insights into the differential
expression of PRKN mRNA in PBMCs across various
groups, including healthy controls, idiopathic PD
patients and PD patients carrying various PRKN
variants. The findings underscore the critical role of
PRKN expression in the pathophysiology of PD and
its potential as a biomarker for the identification of
PRKN-variant carriers.

A major result of our study is that pathogenic
variants in the PRKN gene result in reduced expres-
sion of the respective mRNA in PBMCs. This result
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Figure 4. ROC analysis.

was evident not only in biallelic individuals, but also
in heterozygous PD patients. Although the role of
heterozygous PRKN variants in the pathogenesis of
PD remains controversial,® our results suggest that a
profound PRKN expression impairment, beyond what
would be expected from a single allele disruption, is
present in most heterozygote PRKN-variant carriers
who have already developed early-onset PD. The sig-
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nificant reduction in PRKN mRNA expression among
PRKN variant carriers, compared to both healthy con-
trols and iPD, corroborates the prevailing idea that
these genetic variations are strongly associated with
reduced PRKN activity. Such reduced activity is linked
to compromised mitochondrial quality control and
dopaminergic neuronal death.®”! Interestingly, iPD
patients also exhibited slightly lower PRKN mRNA lev-
els compared to healthy controls. This non-significant
trend may suggest a broader involvement of PRKN
dysregulation in iPD cases or reflect heterogeneity
within this subgroup. Alternatively, it might just be
the result of the limited number of samples studied;
indeed, in the previous study from the lab, no dif-
ference was discerned between iPD and controls
regarding PBMC PRKN mRNA levels, although again
levels in controls were slightly higher.”! It would be
important to perform such studies in a larger scale
in the future.

It is striking that, in all cases with PRKN muta-
tions examined, whether heterozygous or biallelic,
PRKN mRNA levels were extremely low. This is true
not only for large deletions, and the small dele-
tion ¢.101_102delAG (which creates a premature
translational stop signal in the PRKN gene), but is
also the case even for 3single nucleotide variants
(c.376C>T, c.401T>C, c.758G>A). A possible mecha-
nism of MRNA degradation in the case of frameshift
mutations produced by deletions is the process of
non-sense mediated mMRNA decay.

It has been suggested that heterozygous PRKN-
mutation carriers, even when asymptomatic, carry a
small degree of dopaminergic nigrostriatal dysfunc-
tion. It is possible that participants in our cohort did
not have the necessary compensatory mechanisms,
as they have already developed PD. The fact that
in most cases in our study these mutations lead to
an important reduction of PRKN mRNA levels close
to those in biallelic carriers suggests that additional
related variants may exist in the other allele, possibly
in regulatory regions for PRKN expression. Long read
sequencing of 4 heterozygote carriers in our original
study, however, did not reveal any additional causal
genomic alterations. Long read sequencing for the
two new heterozygote samples in the current study
has not been performed. It remains quite puzzling
why heterozygote mutation carriers have such low
PRKN mRNA levels, quite similar to those with biallelic
mutations. An explanation, apart from a yet unidenti-
fied second genetic hit, could be that in these cases
there are further epigenetic mechanisms that lead
to a substantial reduction of PRKN mRNA levels and
the resultant early disease manifestation.

These results align with the findings of our previous
study.®! In 3 samples the results of the prior study
were verified using another primer pair, different
from the ones in our previous work, providing an

independent verification. The primer pair evaluated
in the current work gave the best melting curves
and thus would appear to be the best choice at this
point for assessing accurately PRKN mRNA levels in
PBMCs. Furthermore, results of low PRKN mRNA
levels in PRKN mutation carriers were extended to 4
additional samples with the following genetic back-
ground: the homozygous c.101_102delAG mutation,
the heterozygous ¢.376C>T mutation, the heterozy-
gous c540delinsGC mutation in exon 6, and the
heterozygous 401T>G mutation. All these samples
had very low PRKN mRNA levels, which is especially
notable for the heterozygous cases, as these 3 ad-
ditional mutations had not been previously assessed.

As far as diagnostic implications are concerned,
PBMCs are easily accessible blood cells, while RNA
isolation, reverse transcription and quantitative PCR
are rather standard laboratory methods; as such,
the methodology described here holds promise as
a first screening tool to assess for the presence of
PRKN pathogenic variants. The ROC analysis we have
performed shows high sensitivity and specificity for
the recognition of a PD patient with a PRKN vari-
ant. With a ROC area under the curve of 1.00 and
sensitivity and specificity both at 100%, PRKN mRNA
levels appear to be a robust biomarker for detecting
the presence of PRKN variants. In fact, the positive
predictive value of low PRKN levels with this assay is
100% indicating that the current protocol may be
extremely useful for screening for PRKN-mutation
carrier status in the PD population. This finding has
significant implications for clinical practice, as it offers
a non-invasive and reliable method for identifying
genetic subtypes of PD, which may inform personal-
ised therapeutic strategies. To our knowledge, there
are no other studies reporting an easily accessible
screening test for PRKN mutation status. This could
simplify the genetic work-up of PD patients, espe-
cially in underserved areas, with limited access to
genetic testing.

Limitations of our study include a small sample
size and single-centre design. Larger, multi-ethnic
cohorts are needed to validate clinical applicability
at a larger clinical scale.

CONCLUSION

This report, using a new set of primers and additional
cases, confirms that PRKN mRNA quantification in
PBMCs is a promising biomarker for PRKN muta-
tion status in PD. With its high diagnostic accuracy,
it may become a useful screening tool for genetic
testing, enabling earlier identification and, in the
future, targeted management of PRKN-related PD.
Furthermore, the present report extends on previous
findings that suggest that severe suppression of PRKN
MRNA levels is a common feature of PRKN-related
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PD, irrespective of heterozygote or biallelic status
or the particular mutation type. This intriguing bio-
logical phenomenon warrants further investigation
into the underlying mechanisms regulating PRKN
transcription.
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LEYKOENCEPHALOPATHY IN A PATIENT WITH LIMB
GIRDLE MUSCULAR DYSTROPHY
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" 2nd Department of Neurology, AHEPA Hospital, Aristotle University of Thessaloniki, Greece
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ABSTRACT

We describe the case of a 53-year-old female patient diagnosed with muscular dystrophy associated with
LAMA2 gene pathogenic variants, a rare subtype of limb girdle muscular dystrophy, and highlight the
characteristic leukoencephalopathic pattern of this disorder.

Keywords: Limb girdle muscular dystrophy, a2-laminin, leukoencephalopathy

AEYKOEIKE®AAOMAGOEIA £E AXOENH ME ZQNIAIA
MYIKH AYZTPO®IA

Anunitpios lNapions', MNMaoxadiva Toiavin!, ABnvad BépBepn?, Mavayiwtns lwavvidns', NikéAaos Fpnyopiddns’

" B’ Neuporoyikn KAvikn, NMTNE AXETA, Apiototéneio Maveriotnuio ©sooarovikns, ©eooafovikn
2 Tunua leveukns Xnaviwv Noonudtwy, NG lNanayswpyiou, ©sooaniovikn

MNepiAnyn

Meplypdgoupe v nepintwon pias aoBevous 53 ewwv pe Sidyvwon puikns duotpodias oxeuldpevns pe
naBoyoéves napaddayés oto yovidio tns LAMA2, evés onaviou unotinou (wviaias puikns duotpoias, Kai
avadelkvUoupe to Aeukogykepanonadnukd Npdtuno nou xapakmpicel v diatapaxn.

Né€eis-kAeIb1a: Zwviaia puikn duotpogia, a2-Aapivivn, AeukoeykepaondBeia

To 1ot0pIkd s aoBevous apxilel otnv naidikn nAi-
Kia pe Badiopa ota ddkuAa NOYwW PIKVDOEWY TWV
nodokvnpuikwy. H vdoos eppavios Bpadeia nopeia
He avantuen Kevipopenikns Yuikns aduvayias pe u-
@aon otov tpaneloeidn-unakdavoio (3/5 katd MRC)
Kal yéoo ynouuaio-tetpaképano (2/5 katd MRC) ap-
poteponieUpws. AlanIoTwVETal, ennféov, NEPUYo-
€16ns wponAdn, otpoPo-okoniwaon Kal okaQoeidAs
Bwpakas. H napouaia otabepns au€nons ths CPK
(550-1200U/1) kal ta euphpata Tou veupopuaiofo-
yIkoU €niéyxou tekunpiwaoav puonabnukn diatapaxn,
€V N avanuon tou kwdikonointkoU yovidIhpaTtos
anokdnuye 2 napavonuatkés (missense) annayés
oto yovidio tns a2-Aapivivns (LAMA2), ¢.2960G&gt; T
[p.Cys987Phe] kai c.3833G&gt;T [p.Gly1278Val],
B¢étovtas tnv didyvwon s oxeuldpevns pe 10 LAMA2
Huikns duotpogias (LAMA2-MD). Eyive oUotaon yia
bievépyeia MRI eykepaniou, énou avadeixBnke ekteta-
Hévn kal ouppetpikn Neukoeykepanonddeia (Eikéva

1. Eikéva 1A. Aidxutn Kal CUMPETPIKA au§non tou
MR onpatos otnv nepikoifiakh Kal ev tww Pdadel
Agukn oucia ungpoknvidia pe didowon twv U vov.
Eykdapoia topn FLAIR
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aneikovioukd eupnpa tns LAMA2-MD anotedsi
n npooPodn tns Aeukns oucias tou eykepdanou.
MaBoyevetkd Bewpeital 6U N avendpkela tns a2-
Aapivivns oxetietal pe dGuoneitoupyia tou alyato-
eykepanikoU gpaypoU ye anotédeoua diatapaxh otny
opoléotaon tou Udatost?, Ektos tns LAMA2-MD,
AeukoeykepanondBeia nepiypd@etal otny YUOTOVIKA
duotpogia wnou 1, 1o oclvdpopo Kearns-Sayre, 10
ouvbpopo MNGIE (Mitochondrial NeuroGastroln-
testinal Encephalomyopathy) kar dAies onavidtepes
puondBeies.

AHAQZH ZYMOEPONTQN

O1 ouyypageis dev avagépouv Kanoia cUykpouon
OUPPEPOVTWV.
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To @aivowunikd ¢dopa tns LAMA2-MD 2]
nepiNapBaver tnv ouyyevhn puikh duotpogia (Con-
genital muscular dystrophy type 1A, MDC1A) kal,
OnavioTeEPQA, NMIOTEPES MEPINTWOEIS UE PETAYEVEDTEPN
nAikia évap&ns kal eikéva (wviaias puikhs duotpopias
(LGMD R23), 6nws otnv acBevh pas ', F1abepod
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SMOOTH PURSUIT, SACCADES, AND OPTOKINETIC
NYSTAGMUS IN HEALTHY ADULTS: BINOCULAR
VIDEONYSTAGMOGRAPHIC ANALYSIS

Michalis Tzortzakakis', Nikos Karandreas', Evangelos Anagnostou’

Department of Clinical Neurophysiology, First Department of Neurology, Eginition Hospital,
Athens, Greece

ABSTRACT

Background: Objective assessment of oculomotor function provides valuable information for the evaluation
of central and peripheral nervous system integrity. Videonystagmography (VNG) allows quantitative analysis
of eye movements and facilitates the establishment of normative reference values in healthy populations.
Methods: Oculomotor function was assessed in 31 healthy adults (mean age: 53.6 years, range: 19-
79 years) with no history of neurological disease using videonystagmography. Optokinetic nystagmus,
saccadic eye movements, and smooth pursuit eye movements were recorded. Participants were divided
into two age groups (<50 and =50 years) to investigate age-related effects. Parameters analysed included
gain, latency, velocity, accuracy, and peak velocity (velocity/amplitude ratio), depending on the type of
eye movement. Results: Optokinetic nystagmus gain showed symmetrical responses between movement
directions and decreased significantly with increasing stimulus velocity, while no significant association with
age was observed. Saccadic eye movements demonstrated symmetrical performance in both horizontal
and vertical planes. Saccadic latency increased significantly with age, whereas mean velocity, peak velocity,
and accuracy were not significantly affected. Smooth pursuit gain decreased with increasing target motion
frequency and age, particularly at higher frequencies, with horizontal smooth pursuit exhibiting higher
gain values than vertical pursuit. Conclusions: The present study provides normative reference data for
oculomotor parameters in a healthy Greek cohort. The findings also indicate that age-related effects
on oculomotor function are parameter-specific, predominantly affecting timing-related and dynamic
performance measures, while basic execution-related parameters remain relatively preserved. Ultimately,
the data highlight the utility of modern binocular videonystagmography in precisely assessing oculomotor
function, aiding in the differentiation between physiological aging and pathological conditions.

Keywords: saccades, smooth pursuit, optokinetic nystagmus

AIOOSAAMH BINTEONYZTATMOIPA®IKH ANAAYZH
NAEIAZ MAPAKOAOYOHZHZ, ZAKKAAIKQN KINHZEQN
KAI OMTIKOKINHTIKOY NYZTAIMOY XE YTIEIZ ENHAI-
KEZ

Mixdins T{wpt{akdkns', Nikos Kapavbpéas', Eudyyedos Avayvwotou’

T Movdba KAvikins Neupopuaiofoyias, A” NeupoAoyikn KAvikn, Atyiviteio Noookopeio, ABnva

MNepiAnyn

Eicaywyn: H avukeipevikh ag§ioAdynon s opBanpokivnukdtntas Napéxel onpavukeés nAnpoeopies yia tny
EKTIUNON TNS AKEPAIOTNTAS TOOO TOU KEVIPIKOU OCO0 KAl TOU MEPIPEPIKOU VEUPIKOU ouothpatos. H PBivieo-
vuotaypoypagia (VNG) enitpénel tnv kataypagn kai avaduon twv opBafpik®dv KIvhicewy SieukoAUvovtas
tov npoodiopiopd puaolodoyikOy TPy avagopds otov uyin nAnBuoud. MeBodonoyia: MenethBnkav ol
opBanuikés kivhoels 31 uyidv evniikwv (uéon nAikia: 53,6 €, e0pos: 19-79 €n) pe enelBepo 10TopIKO
veuponoyikhs vdoou, PE TN Xphon PIVIEOVUCTAYUOYPAPIKOU CUCTAHIATOS. ZUYKEKPIUEVA KAtaypdapnkav o
onNToKIVNTKOS vuotaypds, ol oakkadikés KivAoels kal n Agia kivhon napakodouBnons. O CUUPETEXOVTES
xwpfotnkav o€ dUo nAikiakés opddes (<50 kal =50 1) yia t diepedvnon s enidpaons s nAikias. O1 na-
pauetpol nou avanubnkav nepinduBavav to gain, i AavBavouoa nepiodo, tn péon kal t péyiotn taxytnta,
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kaBs kar v akpifeia, avaddyws tou €idous s opBadpikhs kivnons. AnoteAéopata: O ontokivNTKOs
VUOTaYHOS Napousiace CUPPETPIKA andkpion PETaty twv KAteuBUuvoswy Kivnons Kal PJEiwon Tou gain e tnv
augnon s taxytntas tou epeBIoUATos, xwpIs OTAUCTUKA ONPAVIKA ouoxéuon pe tnv nAikia. O oakkadIkEs
KIVAOEIS EPQAVIOaV CUMMETPIKA CUPNEPIPOPE OTo opIddvuo Kal oto kaBeto eningdo, evid n AavBdvouca ne-
piodos napouciale au&non pe v autnon tns nAikias. AvtiBeta, n pyéon kail n péyiotn taxutnta, kabws kai n
akpiPela, bev ennpedotnkav onuavukd and tnv nAikia. Xus Aeies kivhoels napakofouBnons napatnphonke
Heiwon tou gain pe tnv au&naon s cUXvOTNTAS Kivnons Tou otdxou Kal tns NAIKias, Kupiws oto opifdvto ni-
nedo. Tupngpdaopata/culhtnon: Ta anotenéopata tns penémns Geixvouv 6T ol NAIKIOKES eNIGPATEIS otV
opBanuokivnukdtnta €ival eEaptmpeves and 1o €ibos tNs NAPAPETPOU Kal TOU CUCTAPIATOS €A€yXou, nnpe-
adovtas KUpiws XPOVIKES Kal SUVAUIKES NAPAUETPOUS, eV Ol BACIKOI UNXAVIOUOI EKTEAEONS TwV KIVACEWY
diatnpouvtal. H napouoca epyacia napéxel puolonoyIkés TPES avagopds yia napapétpous opBanpokivnT-
kétntas og uyin evhniko NANBUopd kal unootnpilel tTh xpnolddnta ns Pivieovuctaypoypadias otnv KAvikh

agiofdynon kal otn didkpion peta&u puaoionoyikns yhpavons kal naBoAoyIkdy Kataotdoewy.

Né€eis-kAe1d1a: Lakkadikés Kivhaoels, Agia kivnoa napakoiouBnaons, ontokivnTKOs VUoTayuds

INTRODUCTION

Oculomotor function is fundamental for maintaining
clear, stable, and high-resolution vision, allowing
accurate projection of a visual target onto the
macula and, more specifically, the fovea. The
transfer and stabilisation of the retinal image at the
desired location are achieved through specialised
eye movements, which are controlled by complex
cortical, subcortical, cerebellar, and brainstem
neural networks. In humans, eye movements are
predominantly binocular and conjugate, with
the visual axes of both eyes moving in the same
direction Different types of eye movements are
subserved by distinct neural circuits within the central
nervous system, all of which converge on a common
final pathway downstream of the three ocular motor
nuclei to innervate the extraocular muscles. The
detailed functional neuroanatomy of these circuits
has been extensively elucidated over recent decades,
providing an excellent tool for the clinical neurologist
in diagnostic practice. The present study focuses on
three major types of conjugate eye movements:
saccades, smooth pursuit, and optokinetic
nystagmus, which constitute key indicators of the
functional integrity of the oculomotor system.
Saccadic eye movements are rapid, brief eye move-
ments that shift the visual axis from one target to
another within the visual field. They represent the
fastest voluntary movements of the human body and
are characterised by high velocities, short duration,
and a distinct latency period.l"*! The principal central
nervous system structures involved in the execution
of saccadic eye movements includef?3:
e Frontal Eye Fields (FEF) and other structures
of the cortex
e Dorsal vermis and the fastigial nucleus of the
cerebellum
e Paramedian Pontine Reticular Formation, nu-
cleus Prepositus Hypoglossi, and Medial Ves-
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tibular Nucleus, for the horizontal saccades
in the pons
e rostral interstitial nucleus of the Median Lon-
gitudinal Fasciculus, and Interstitial nucleus of
Cajal for the vertical saccades in the midbrain.
Their evaluation is based on specific parameters®:
1) latency: the time required for sensory processing
and motor planning, until the initiation of motion.
2) mean and peak velocity: in degrees/sec. Consid-
ering that saccadic eye movement velocity is varying,
both mean and peak velocity are employed for its
assessment.
3) accuracy, defined as the degree of correspond-
ence between the final eye position and the target
location.

Smooth pursuit eye movements enable continu-
ous tracking of slowly moving targets, maintaining
the retinal image on the fovea throughout motion.
Unlike saccades, smooth pursuit is characterised by
continuous and smooth changes in eye position. The
principal central nervous system structures involved
in the execution of smooth pursuit movements in-
clude®:

* Mainly parts of the visual cortex

e Floculus and parafloculus in the cerebellum

e the Dorsolateral Pontine Nuclei and the Medial

Vestibular Nuclei.

The primary parameter used to assess smooth
pursuit function is gain, defined as the ratio of eye
velocity to target velocity, which ideally approaches
unity.®

Optokinetic nystagmus is a physiological reflex
elicited by large-field visual motion stimuli that cre-
ate the perception of environmental movement. It
consists of an alternating slow phase, during which
the eyes follow the moving visual pattern, and a fast
resetting phase in the opposite direction.® The main
brain structures involved in optokinetic nystagmus
are:
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e The Nucleus of the Optic Tract

e The vestibular nuclei in the pons

e The floculus in the cerebellum.

Analysis of the slow phase, commonly expressed
by the gain parameter, is widely used to assess the
functional interaction between visual and vestibular
mechanisms. !

Videonystagmography (VNG) has become an es-
tablished, non-invasive method for recording and
quantitatively analysing eye movements. Modern
VNG systems allow precise measurement of mul-
tiple oculomotor parameters, like those that were
mentioned before, and facilitate the development
of normative databases, which are essential for the
interpretation of pathological findings.

The aim of the present study is to quantitatively
analyse saccadic eye movements, smooth pursuit, and
optokinetic nystagmus in a healthy adult population
using videonystagmography, as well as to investi-
gate the effects of age and movement direction on
selected parameters. The results of this study are in-
tended to contribute to the establishment of reliable
normative reference values for future comparisons
with non-healthy populations.

MATERIALS AND METHODS

The present study was approved by the Ethics and
Research Committee of Eginition Hospital.

Participants

Thirty-one healthy adults participated in the study,
with no history of central nervous system disorders
or other conditions that could affect oculomotor
function. The sample included 16 females and 15
males, aged between 19 and 79 years. For the
analysis of age-related effects, participants were
divided into two age groups: younger than 50 years
and 50 years or older.
Equipment

Eye movement recordings were obtained using
the Visualkyes™ 525b videonystagmography system
(Interacoustics, Denmark), which is based on vide-
onystagmography (VNG) technology. Specialised gog-
gles equipped with integrated infrared cameras were
used to continuously record eye position and move-
ment. Data were recorded, processed, and stored
using the manufacturer’s dedicated software. For
selected analyses of saccadic eye movements, data
were exported in ASCIl format and analysed offline
using custom-written laboratory software in MATLAB
R2021b (MathWorks, Natick, MA, USA). Eye velocity
was computed by digitally differentiating the dis-
placement signal while accounting for the sampling
rate of 100 Hz. The resulting time series was then
smoothed using a tenth-order Butterworth low-pass
filter with a cutoff frequency of 40 Hz, followed by

an eight-sample, first-order Savitzky-Golay filter.

Experimental procedure

Participants were examined in a seated position
while wearing the VNG goggles and were instructed
to visually follow stimuli presented on a screen
positioned directly in front of them (Figure 1). All
tests were performed according to standardised
protocols and included recordings of saccadic eye
movements, smooth pursuit eye movements, and
optokinetic nystagmus.

Figure 1. Experimental setup for videonystagmo-
graphic recording of eye movements. Participants
were seated facing the recording screen while wear-
ing VNG goggles (here, facing a moving visual pattern
for optokinetic nystagmus examination).

Saccadic eye movements

Saccadic eye movements were recorded in both the
horizontal and the vertical plane. Participants were
instructed to shift their gaze between sequential
visual targets appearing at predefined positions on
the screen.
The following parameters were analysed:
e Mean latency (ms)
e Mean velocity (°/s)
e Accuracy (%)
e Peak velocity, estimated using the velocity/
amplitude (vel/amp) ratio, defined as the ra-
tio of peak velocity to saccade amplitude.

Analyses were performed separately for each
movement direction (rightward/leftward and up-
ward/downward).

Smooth pursuit eye movements

Smooth pursuit eye movements were recorded in
both the horizontal and the vertical plane. Participants
were instructed to follow a visual target moving in a
sinusoidal pattern at predefined frequencies.
The analysed parameters were:
e Gain, defined as the ratio of eye velocity to
target velocity
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e Symmetry, calculated from the difference in
gain values between opposite movement
directions and expressed as a percentage.

In the horizontal plane, five target motion fre-
guencies were examined (0.1, 0.2, 0.3, 0.4, and 0.5
Hz), whereas in the vertical plane three frequencies
were analysed (0.1, 0.2, and 0.3 Hz). Vertical smooth
pursuit analysis was performed in 30 participants.

Optokinetic nystagmus

Optokinetic nystagmus was recorded in the horizontal
plane. Participants were exposed to moving visual
patterns covering a large portion of the visual field.

The analysed parameter was:

e @Gain, defined as the ratio of the mean
eye velocity during the slow phase
of optokinetic nystagmus to the ve-
locity of the moving visual stimulus

Recordings were performed at two different stimu-
lus velocities.

Statistical analysis

Statistical analysis was performed using IBM SPSS
Statistics (version 21.0). Data are presented as mean
+ standard deviation. The choice of statistical tests
was based on the distribution of the variables. Nor-
mal reference ranges were determined using either
+2 SD from the mean or the 5th 95th percentile
range, depending on data distribution. Statistical
significance was set at p < 0.05.

RESULTS

Participant characteristics

A total of 31 adults with no history of neurological
disease were included in the study. Of these,
16 were female (51.6%) and 15 were male
(48.4%). Participants’ age ranged from 19 to 79
years, with a mean age of 53.6 years (SD: 17.9).
Thirteen participants (41.9%) belonged to the
younger age group (<50 years), while 18 participants
(58.1%) were aged 50 years or older.

Optokinetic nystagmus

For optokinetic nystagmus, the gain of the slow
phase was analysed in the horizontal plane at two
stimulus velocities (20°/s and 40°/s) and for both
directions. Mean gain values and standard deviations
for the total sample, as well as for the two age
groups (<50 and =50 years), were calculated and
the proposed normal reference ranges for gain, based
on data distribution, are shown in Table 1.
Comparison of mean gain values between the
two movement directions (leftward vs. rightward) re-
vealed no statistically significant differences at either
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20°%s (p = 0.40) or 40°/s (p = 0.78). In contrast, com-
parison between stimulus velocities demonstrated
significantly lower gain values at the higher velocity
(40°/s) compared with 205 for both directions (p <
0.001). Correlation analysis between age and gain
showed a negative association across all recording
conditions; however, none of the correlations reached
statistical significance (p > 0.05).

Table 1. Normal ranges of gain.

Gain Gain Gain Gain
(20°/s) |(40°/s) [(20°/s) |(40°/s)
left- left- right- right-
ward ward ward ward
Total 60-100 |35-102 |55-108 |[33-106
sample
(n=31)
Age <50 |61 -100 [34-108 |56-112[39-112
(n=13)
Age =50 |50-113 [36-100 |53-106 |30-100
(n=15)

Gain: eye velocity to target velocity ratio.

Saccadic eye movements

Mean values and standard deviations for all
parameters for the total sample, as well as for the
two age groups (<50 and =50 years) were calculated
and

Horizontal saccades

For horizontal saccadic eye movements, the
parameters latency, mean velocity, peak velocity
(estimated using the velocity/amplitude (vel/amp)
ratio), and accuracy were analysed for both directional
movements. the proposed normal reference ranges
are shown in Table 2.

Comparison between the two movement direc-
tions (rightward vs. leftward) revealed no statistically
significant differences for any of the examined pa-
rameters (p > 0.05). Comparison between age groups
demonstrated significantly longer latency values in
participants aged =50 years compared with those
aged <50 years (p < 0.05). No statistically significant
differences between age groups were observed for
mean velocity, peak velocity (vel/amp), or accuracy
(p > 0.05). Correlation analysis showed a significant
positive association between age and saccadic latency
(p < 0.05), whereas no statistically significant correla-
tions were found between age and the remaining
parameters.

Vertical saccades

For vertical saccadic eye movements, the same
parameters (latency, mean velocity, peak velocity/
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amplitude, and accuracy) were analysed for upward
and downward movements. The normal reference
ranges are shown in Table 2. In Figure 2A, the
representation of saccades in a graph during the
examination is shown.

Comparison between upward and downward sac-
cades revealed no statistically significant differences
for any of the examined parameters (p > 0.05). Com-

Table 2. Normal ranges.

parison between age groups showed significantly
increased latency values for vertical saccades in par-
ticipants aged =50 years compared with those aged
<50 years (p < 0.05) (Figure 2B). No statistically
significant differences between age groups were
observed for mean velocity, peak velocity, or accuracy.

Lat Lat right- | Vel Vel right- | Ac. left- Ac. right- |Vel/amp
leftward |ward Leftward |ward ward ward horizontal
(ms) (ms) (°/s) (°/s) (%) (%)
Total sample | 153-260 |188-239 305-409 274-432 79 77 23-41
(n=31)
Age <50 155-230 |165-232 [300-445 282-412 77 75 23-42
(n=13)
Age =50 163-271 190-255 270-449 268-445 82 78 23-40
(n=18)
Lat Lat up- Vel down- | Vel up- Ac. down- |Ac. up- Vel/amp
down- ward ward ward ward ward vertical
ward (ms) (°/s) (°/s) (%) (%)
(ms)
Total sample | 159-273 163-266 189-393 192-372 68 63 23-42
(n=31)
Age <50 149-260 | 160-240 187-400 204-365 70 77 23-42
(n=13)
Age =50 171-278 |176-275 188-390 182-380 69 59 21-44
(n=18)

Lat: latency; vel: mean velocity; ac: accuracy; Vel/amp: peak velocity to saccade amplitude. For the accuracy vari-
able, only the lower limit of the normal range is reported.

Fgure P4
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Smooth pursuit eye movements

Mean values and standard deviations for gain and
symmetry for the total sample, as well as for the two
age groups (<50 and =50 years) were calculated for
both horizontal and vertical plane of movement.

Horizontal smooth pursuit

For horizontal smooth pursuit eye movements,
the parameters gain and symmetry were analysed
at five target motion frequencies (0.1, 0.2, 0.3, 0.4,
and 0.5 Hz). The proposed normal reference ranges
are shown in Tables 3 and 4.

Comparison between the two movement direc-
tions (rightward vs. leftward) revealed no statisti-
cally significant differences for any of the examined
frequencies (p > 0.05).

Comparison between age groups demonstrated

Figure 2. (A) Diagram illustrating saccadic movements on the vertical plane. On the x axis (t) is time, and on
the y axis is the amplitude (position) of the movement. The yellow line represents the movement of the visual
stimulus, while the blue and red lines represent the movements of the left and right eye, respectively. (B) As-
sociation between age (x-axis, years) and saccadic latency (y-axis, ms) for vertical, downward, and saccadic eye

movements.
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significantly lower gain values in participants aged
=50 years compared with those aged <50 years at
the higher target motion frequencies (0.4 and 0.5
Hz; p < 0.05, Figure 3B). No statistically significant
differences between age groups were observed at
the lower frequencies (0.1-0.3 Hz; p > 0.05). For
the symmetry parameter, no statistically significant
differences were found either between movement
directions or between age groups at any of the ex-
amined frequencies (p > 0.05).

Vertical smooth pursuit
For vertical smooth pursuit eye movements, the

(p > 0.05).

same parameters (gain and symmetry) were analysed
at three target motion frequencies (0.1, 0.2, and
0.3 Hz). In Figure 3A, there is a graph depiction
of smooth pursuit movement on the vertical plane
during the recording. The normal reference ranges
are shown in Tables 3 and 4.

Comparison between upward and downward
movements revealed no statistically significant dif-
ferences in gain or symmetry at any of the exam-
ined frequencies (p > 0.05). Comparison between
age groups did not reveal any statistically significant
differences in gain or symmetry values for vertical
smooth pursuit at any of the examined frequencies

Table 3. Normal values for gain in the horizontal and vertical plane.

Gain Gain Gain Gain Gain Gain Gain Gain Gain Gain
left- rightward | left- right- [left- right- | left- right- [left- right-
ward 0.1Hz ward ward ward ward ward |ward |ward |ward
0.1Hz 0.2Hz |0.2Hz |0.3Hz |0.3Hz |0.4Hz |0.4Hz |0.5Hz |0.5Hz
Total 50-102 |61-106 54-105 [52-118 [42-103 [40-107 |42-113 [33-122 [35-105 |30-123
sample
(n=31)
Age<50 [62-101 |80-110 66-103 [60-108 |[70-112 [72-118 [65-108 |61-112 |45-104 [47-121
(n=13)
Age=50 (47-117 |42-119 46-116 |50-110 [34-118 [30-123 [33-110 |22-123 |20-113 [19-119
(n=18)
Gain Gain Gain Gain Gain Gain
upward | down- up- down- |up- down-
0.1Hz ward ward |ward ward |ward
0.1Hz 0.2Hz |0.2Hz |0.3Hz |0.3Hz
Total 74421 75+22 81+21 |[75+21 |78+24 |66+25
sample
(n=30)
Age <50 [78+£24 | 80+22 80+25 (82422 |82+23 |74+24
(n=13)
Age =50 [71£18 |71+22 82+19 [70+22 |74+25 |[60+25
(n=17)

Gain: eye velocity to target velocity ratio.
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Table 4. Normal values for symmetry in the horizontal and vertical plane.

Symme- |Symme- |[Symmetry |Symme- |[Symme- |Symme- |Symme- |Symme-
try 0.1Hz |try 0.2Hz |(hor)0.3Hz |try (hor) |try (hor) |try 0.1Hz |try 0.2Hz |try 0.3Hz
(hor) (hor) (%) 0.4Hz 0.5Hz (ver) (%) |(ver) (ver)
(%) (%) (%) (%) (%) (%)
Total (-14)-11 (-)6.5-14 |(-18)-18 (-)24-24 |(-)34-51 |1.5¢14 (-)4+28 (-)13£30
sample
(n=31)
Age<50 |(-)18-3.8 |(-7)-9 (-18)-13 (-17)-17  |(-33)-31 2.3+13 6.7+27 (-)7.8£22
(n=13)
Age=50 ((-13)-17 [(-11)-21 (-35)-35 (-29)-30  |(-66)-68 1£15 -12+27 (-)16£32
(n=18)

Symmetry: (gain difference between directions / sum of gains)%; hor: horizontal; ver: vertical.
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Figure 3. (A) Graph illustrating smooth pursuit move-
ment on the vertical plane in two different frequen-
cies of the moving target (0.1 Hz, 0.2 Hz). The x-axis
corresponds to time, and the y-axis to the amplitude
(position) of the movement (U=up, D=down). The yel-
low line corresponds to the visual stimulus, while the
blue and red lines correspond to the left and right eye,
respectively. As time progresses, the frequency of the
movement also increases. (B) Inverse association be-
tween age (x-axis, in years) and smooth pursuit gain
(y-axis) for horizontal smooth pursuit at a target mo-
tion frequency of 0.5 Hz.

DISCUSSION

Summary of the study
Modern neurophysiological techniques for recording

eye movements’# with unprecedented precision
have gradually entered neurological practice and
are yielding insights into a variety of diseases
accompanied by peripheral® ™! or centrall'*2" eye
movement disorders. Advances in methodology,
together with the introduction of new hardware
and analysis software, necessitate the continuous
updating of normative values, as reliance on older
data obtained with previous setups may be imprecise.
The present study investigated oculomotor
function in a healthy adult population using
videonystagmography, focusing on optokinetic
nystagmus, saccadic eye movements, and smooth
pursuit eye movements. Overall, the results
demonstrated symmetrical oculomotor performance
and revealed age-related differences in selected
parameters, highlighting the importance of
considering age effects when interpreting oculomotor
findings in healthy individuals.

Optokinetic nystagmus

In the present study, the analysis of optokinetic
nystagmus focused on the slow phase of the
response in the horizontal plane, using the gain
parameter. The results demonstrated symmetrical
responses between the two movement directions
(leftward and rightward), a finding consistent with
normal optokinetic system function. In contrast, a
clear reduction in gain was observed with increasing
stimulus velocity, a pattern that has been consistently
reported in previous studies and is commonly
attributed to limitations in optokinetic processing
at higher velocities.

With regard to the effect of age, although partici-
pants younger than 50 years exhibited higher gain
values across all recording conditions, these differences
did not reach statistical significance. Similarly, correla-
tion analysis revealed a tendency toward decreasing
gain with increasing age, without achieving statistical
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significance. These findings are in line with previous
reports showing age-related reductions in optokinetic
gain, although the age at which such reductions be-
come evident varies considerably across studies.

Specifically, Ura et al.?? reported a significant re-
duction in gain when comparing age groups of 30
and 80 years, whereas Baloh et al.?*!described re-
duced slow-phase velocities of optokinetic nystagmus
in individuals aged 75 years and older. A potential
limitation of the present study is the small number
of participants older than 70 years, which may have
limited the ability to detect statistically significant
differences in the oldest age groups.

Saccadic eye movements

In the present study, saccadic eye movements were
analysed by examining latency, mean velocity,
accuracy, and peak velocity, the latter estimated using
the velocity/amplitude (vel/amp) ratio, separately for
horizontal and vertical saccades.

With respect to horizontal saccades, no statistically
significant differences were observed between the
two movement directions for any of the examined
parameters. This finding is consistent with previous
studies, in which directional asymmetries are not
expected in healthy populations.?42* Similar results
have been reported in the literature, although some
studies, such as that of Vergilino-Perez et al., have
described higher peak velocities toward the dominant
eye direction, without corresponding differences in
saccadic latency.?®!

Age emerged as a significant factor influencing
horizontal saccadic latency, with increased latency
values observed in older participants. This finding
corroborates previous reports demonstrating a posi-
tive association between age and saccadic latency,
commonly attributed to age-related changes in the
neural mechanisms underlying saccade planning
and initiation. In contrast, mean velocity and peak
velocity were not significantly affected by age. This
observation is in agreement with studies suggesting
preservation of the core neural mechanisms respon-
sible for saccade execution with advancing age,?”-2%
although the literature remains inconclusive regard-
ing age-related changes in peak velocity.?7:3

A similar pattern was observed for vertical sac-
cades. Saccadic latency increased significantly with
age for both upward and downward movements,
whereas mean and peak velocity did not show a clear
age-related effect. These findings further support the
notion that aging predominantly affects the initiation
and planning stages of saccadic eye movements,
irrespective of movement plane.

Smooth pursuit eye movements

In the analysis of smooth pursuit eye movements,
the parameters gain and accuracy were examined
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separately in the horizontal and vertical planes.

With regard to horizontal smooth pursuit, a pro-
gressive reduction in gain was observed with increas-
ing target motion frequency, particularly at frequen-
cies =0.3 Hz, accompanied by increased variability
of the recorded values. No statistically significant
differences were detected between the two move-
ment directions (leftward and rightward), a finding
consistent with the expected symmetrical functioning
of the smooth pursuit system in healthy individu-
als. In contrast, age emerged as a significant factor
affecting performance, with younger participants
exhibiting higher gain values at medium and high
frequencies. Similar age-related effects have been
reported in previous studies, in which the impact of
aging becomes more evident under conditions of
increased pursuit demands.B"32

For vertical smooth pursuit eye movements, the
results were less homogeneous. Differences in gain
between upward and downward movements were
observed only under specific high-frequency condi-
tions. This finding is in agreement with the existing
literature, which reports inconsistent results regard-
ing directional differences in vertical smooth pursuit.
While some studies have found no differences be-
tween upward and downward movements,?* others
have reported higher gain either for upward or for
downward smooth pursuit.43*

In contrast to horizontal smooth pursuit, no clear
association between age and gain was demonstrated
for vertical smooth pursuit eye movements. The ab-
sence of statistically significant age-related effects
may be related to the limited number of studies that
have systematically investigated vertical smooth pur-
suit across different age groups, as well as to the
greater complexity of the neural mechanisms involved
in the control of vertical pursuit.

LIMITATIONS

The main limitation of the present study is the
relatively small sample size, which may restrict the
generalisability of the findings, particularly in older
age groups. Nevertheless, the study provides an initial
normative dataset in a healthy adult population,
which can be further expanded through continuous
data collection to improve representativeness.

In addition, increased variability was observed in
certain parameters, such as saccadic accuracy and
smooth pursuit gain at higher stimulus velocities. This
variability may not be solely attributable to sample
size but could also reflect factors related to partici-
pant compliance, including fatigue and reduced at-
tention during testing. Such factors are particularly
relevant in studies involving healthy individuals, in
whom motivation and alertness may vary across test-
ing sessions.
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CLINICAL IMPLICATIONS AND CONCLUSIONS

The recording and analysis of eye movements using
videonystagmography provide access to quantitative
parameters, such as timing, velocity, and accuracy,
which are often beyond the sensitivity of routine
clinical observation. The present study contributes
to the establishment of normative reference data for
oculomotor parameters in a healthy adult population,
offering a valuable baseline for the assessment of
patients with suspected oculomotor dysfunction.

Furthermore, the ability to analyse oculomotor
parameters in relation to demographic factors, such
as age and sex, highlights the utility of videonys-
tagmography in both clinical and research settings.
Consequently, this method may support early detec-
tion of neurological disorders, including neurode-
generative diseases, in which oculomotor function
may be impaired, as well as aid in the differential
diagnosis between central and peripheral nervous
system pathologies.

CONFLICT OF INTEREST
The authors declare no conflict of interest.

REFERENCES

[1] Eggers SDZ. Practical anatomy and physiology
of the ocular motor system. In: Jacobson GP,
Shepard NT, eds. Balance Function Assessment
and Management. Plural Publishing; 2008: P.17-
18.

[2] Waitzman DM. Oculomotor systems and con-
trol. In: Conn PM, ed. Conn’s Translational Neu-
roscience. Elsevier; 2017:349-373.

[3] Wong AMF. Eye Movement Disorders. Oxford
University Press; 2008:68.

[4] Hopf S, Liesenfeld M, Schmidtmann |, et al.
Age dependent normative data of vertical and
horizontal reflexive saccades. PLoS One. 2018
Sep 18;13(9):e0204008. doi: 10.1371/journal.
pone.0204008. eCollection 2018.

[5] Sharpe JA. Eye movements: smooth pursuit.
In: Aminoff MJ, Daroff RB, eds. Encyclopedia
of the Neurological Sciences. 2nd ed. Academic
Press, 2014:252-7.

[6] Furman JM. Optokinetic nystagmus. In: Ami-
noff MJ, Daroff RB, eds. Encyclopedia of the
Neurological Sciences. 2nd ed. Academic Press;
2014:687.

[7]1 Egger T. Eye movement recordings: meth-
ods Dev Ophthalmol. 2007;40:15-34. doi:
10.1159/000100347.

[8] Rizzo JR, Beheshti M, Dai W, et al. Eye Move-
ment Recordings: Practical Applications in Neu-

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

rology. Semin Neurol. 2019 Dec;39(6):775-84.
doi: 10.1055/5-0039-1698742.

Ter Bruggen JP, Bastiaensen LA, Tyssen CC, et
al. Disorders of eye movement in myotonic dys-
trophy. Brain. 1990;113:463-73. doi: 10.1093/
brain/113.2.463.

Barton JJ, Huaman AG, Sharpe JA. Effects of
edrophonium on saccadic velocity in normal
subjects and myasthenic and nonmyasthenic
ocular palsies. Ann Neurol. 1994;36:585-94.
doi: 10.1002/ana.410360407.

Anagnostou E, Kemanetzoglou E, Papadi-
mas G, et al. Extraocular muscle function in
adult-onset Pompe disease tested by sac-
cadic eye movements. Neuromuscul Disord.
2014 Dec;24(12):1073-8. doi: 10.1016/j.
nmd.2014.08.004.

Anagnostou E, Xirou S, Kararizou E, et al.
Preserved eye movements in adults with spi-
nal muscular atrophy. Muscle Nerve. 2021
May;63(5):765-9. doi: 10.1002/mus.27204.
Kemanetzoglou E, Chatzistefanou K, Smyrnis
N, et al. Saccade Dynamics in the Acute and
Recovery Phase of Abducens Nerve Palsy. J Oph-
thalmic Vis Res. 2024 Dec 31;19(4):449-58. doi:
10.18502/jovr.v19i4.14429.

Troost BT, Daroff RB. The ocular motor defects
in progressive supranuclear palsy. Ann Neurol
1977,2:397-403. doi: 10.1002/ana.410020509.
Anagnostou E, Sporer B, Steude U, et al. Con-
traversive eye deviation during deep brain
stimulation of the globus pallidus internus.
Neurology. 2001 May 22;56(10):1396-9. doi:
10.1212/wnl.56.10.1396.

Anagnostou E, Papageorgiou SG, Potagas C,
et al. Square-wave jerks and smooth pursuit
impairment as subtle early signs of brain in-
volvement in Langerhans’ cell histiocytosis. Clin
Neurol Neurosurg. 2008 Mar;110(3):286-90.
doi: 10.1016/j.clineuro.2007.10.008
Anagnostou E, Spengos K, Anastasopoulos D.
Single-plane compensatory phase shift of head
and eye oscillations in infantile nystagmus syn-
drome. J Neurol Sci. 2011 Sep 15,308(1-2):182-
5. doi: 10.1016/.jns.2011.05.033.
Anagnostou E, Katsika P, Kemanetzoglou E, et
al. The abduction deficit of functional conver-
gence spasm. J Neurol Sci. 2016 Apr 15;363:27-
8. doi: 10.1016/}.jns.2016.02.027.
Anagnostou E, Karavasilis E, Potiri |, et al. A
Cortical Substrate for Square-Wave Jerks in
Progressive Supranuclear Palsy. J Clin Neu-
rol. 2020 Jan;16(1):37-45. doi: 10.3988/
jcn.2020.16.1.37.

Anagnostou E, Armenis G, Zachou A, et al.
Contraversive saccadic hypermetria and ipsi-
lateral limb ataxia: the brachium conjunctivum

¥ EAAHNIKH . .
NEYPOAOTIKH Archives of Clinical Neurology 35:4-2026, 34-35
=) ETAIPEIA



SMOOTH PURSUIT, SACCADES, AND OPTOKINETIC NYSTAGMUS IN HEALTHY ADULTS: BINOCULAR VIDEONYS-
TAGMOGRAPHIC ANALYSIS

35

[25]

syndrome. J Neurol. 2023 May;270(5):2790-2.
doi: 10.1007/s00415-023-11598-1
Anagnostou E, Gerakoulis S, Armenis G, et
al. Monocular Torsional Oscillopsia in Denta-
to-olivary Disconnection. Cerebellum. 2024
Jun;23(3):1257-60. doi: 10.1007/5s12311-023-
01626-1.

Ura M, Pfaltz CR, Allum JH. The effect of age
on the visuo- and vestibulo-ocular reflexes
of elderly patients with vertigo. Acta Oto-
laryngology Suppl. 1991; 481:399-402. doi:
10.3109/00016489109131431.

Baloh RW, Jacobson KM, Socotch TM. The
effect of aging on visual-vestibulo-ocular re-
sponses. Exp Brain Res. 1993;95(3):509-16. doi:
10.1007/BF00227144.

Wilson SJ, Glue P, Ball D, et al. Saccadic eye
movement parameters in normal subjects. Exp
Brain Res.1993;86(1):1-74. doi: 10.1016/0013-
4694(93)90068-7.

Constantinidis TS, Smyrnis N, Evdokimidis |, et
al. Effects of direction on saccadic performance
in relation to lateral preferences. Exp Brain Res.
2003 Jun;150(4):443-8. doi: 10.1007/500221-
003-1454-0.

Vergilino-Perez D, Fayel A, Lemoine C, et al. Are
There Any Left-Right Asymmetries in Saccade
Parameters? Examination of Latency, Gain, and
Peak Velocity. Invest Ophthalmol Vis Sci. 2012
Jun 5;53(7):3340-8. doi: 10.1167/iovs.11-9273.
Irving EL, Steinbach MJ, Lillakas L, et al. Hori-
zontal Saccade Dynamics across the Human
Life Span. Invest. Ophthalmology Vis Sci
2006;47(6):2478-84. doi: 10.1167/iovs.05-
1311.

Abel LA, Troost BT, Dell’Osso LF. The effects
of age on normal saccadic characteristics and
their variability. Vision Res. 1983;23(1):33-7.
doi: 10.1016/0042-6989(83)90038-x.

Peltsch A, Hemraj A, Garcia A, et al. Age-related

Archives of Clinical Neurology 35:4-2026, 35-35

(30]

[31]

(32]

[33]

[34]

[35]

trends in saccade characteristics among the
elderly. Neurobiol Aging. 2011 Apr;32(4):669-
79. doi: 10.1016/j.neurobiolaging.2009.04.001.
Munoz DP, Broughton JR, Goldring JE, et al.
Age-related performance of human subjects
on saccadic eye movement tasks. Exp Brain
Res. 1998 Aug;121(4):391-400. doi: 10.1007/
s002210050473.

Moschner C, Baloh RW. Age-related
changes in visual tracking. J Gerontol.
1994 Sep;49(5):M235-8. doi: 10.1093/
geronj/49.5.m235.

Ross RG, Olincy A, Harris JG, et al. The effects
of age on a smooth pursuit tracking task in
adults with schizophrenia and normal subjects.
Biol Psychiatry. 1999 Aug 1,;46(3):383-91. doi:
10.1016/50006-3223(98)00369-2.

Baloh RW, Yee RD, Honrubia V, et al. compari-
son of the dynamics of horizontal and vertical
smooth pursuit in normal human subjects. Aviat
Space Environ Med. 1988 Feb;59(2):121-4.
Rottach KG, Zivotofsky AZ, Das VE, et al. Com-
parison of Horizontal, Vertical Smooth Pursuit
Eye Movements in and Diagonal Normal Human
Subjects. Vision Res. 1996 Jul;36(14):2189-95.
doi: 10.1016/0042-6989(95)00302-9.

Ke SR, Lam J, Pai DK, et al. Directional Asym-
metries in Human Smooth Pursuit Eye Move-
ments. Invest Ophthalmol Vis Sci. 2013 Jun
27;54(6):4409-21. doi: 10.1167/iovs.12-11369.

3§ EAAHNIKH
7| NEYPOAOQTIKH
2=J ETAIPEIA



