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1. Uvod

Tématem postgraduéinino studia byla analyza plazmatické hladiny
homocysteinu u pacientl s idiopatickou Parkinsonovou nemoci a jeji ovlivnéni terapii
entacaponem (inhibitorem katechol-O-methyltransferdzy). Homocystein je povazovan
za rizikovy faktor vaskularnich onemocnéni ¢i demence, Cili faktorl znacné negativné
ovliviujicich prognozu Parkinsonovy nemoci. Dale existuje podezfeni na spoluucasti
plazmatické koncentrace homocysteinu v etiologii vzniku periferni polyneuropatie.
V rdmci postgradualniho studia tedy byl hodnocen i vztah mezi plazmatickou
hladinou homocysteinu a vyskytem periferni polyneuropatie u pacientu s idiopatickou
Parkinsonovou nemoci.

Idiopatickd Parkinsonova nemoc je po Alzheimerové demenci druhym
nejCastéjSim neurodegenerativnim onemocnénim. Sou€asné poznani nam ji dovoluje
ziejmé nejlépe diagnostikovat mezi ostatnimi  klinickymi  jednotkami
neurodegenerace a v soucasné dobé mame také vramci neurodegenerativnich
onemocnéni ziejmé nejlepsi terapeutické moznosti v jejim feSeni. Nicméné terapie
idiopatické Parkinsonovy nemoci je stale pouze terapii symptomatickou, reagujici na
vyskyt jejich symptomuU a naslednych komplikaci. Prdkaz vztahu mezi znadmymi
klinicko-biochemickymi markery, napf. homocysteinem, a pribéhem ¢&i prognézou
Parkinsonovy nemoci by mohl pfinést do jeji terapie nové moznosti, pfedevsim
Vv terapii preventivni.

V Gvodu prace je struéné uveden zaklad problematiky Parkinsonovy nemoci a
sou¢asné moznosti jeji terapie. Dale je uveden pfehled mozné ulohy plazmatické
koncentrace homocysteinu na vzniku dalSich komplikaci, pfedvsSim vaskularnich
komorbidit, demence a také neuropatie. V této Casti je i struény komentéar
k problematice analyzy plazmatické hladiny homocysteinu.

V dalSim textu jsou prezentovany vysledky samotného vyzkumu, rozdélené do
dvou ¢&asti: Ovlivnéni plazmatické hladiny homocysteinu u pacientd s idiopatickou
Parkinsonovou nemoci podavanim inhibitoru katechol-O-methyltransferazy
(entacapone); a dale vztah vyskytu periferni polyneuropatie a plazmatické hladiny

homocysteinu u Parkinsonovy nemaoci.



1.1 Idiopaticka Parkinsonova nemoc

Klasicka definice:

Idiopatick& Parkinsonova nemoc (PN) je chronické progresivni onemocnéni
nervové soustavy, které se projevuje typickou poruchou hybnosti, tzv.
extrapyramidovym hypokineticko-rigidnim (neboli parkinsonskym) syndromem. Toto
postizeni vznika na podkladé degenerativnhiho zaniku neuronu v pars compacta
mezencefalické Casti substatia nigra, vedouciho k nedostatku dopaminu ve striatu.
Porucha hybnosti u PN proto charakteristicky zmirfiuje dopaminergni substituéni
terapie (Ambler a kol. 2010).

1.1.1 Epidemiologie

Prevalence PN je 84-187 pfipadd na 100 000 obyvatel, ve vékové skupiné nad
60 let se pohybuje az okolo 1%. Pramérny vék na pocatku onemocnéni je kolem 58-
62 let, nicméné priblizne 10% pacientd onemocni jiz pfed 40.rokem véku. Incidence
onemocnéni je 5-24 nové diagnostikovanych nemocnych na 100 000 obyvatel za 1

rok. Mezi nemocnymi je lehka pfevaha muz(, a to v poméru 1,2:1.

1.1.2 Etiopatogeneze

PN je charakterizovana pfitomnosti Lewyho télisek a postizenim
dopaminergnich neurond substatia nigra a dalSich definovanych neuronélnich
populaci. Predpoklada se, Ze na rozvoji tohoto postizeni se podili nékolik

patogenetickych procesu.

Ztrata spravné funkce mitochondrii pravdépodobné hraje jednu z hlavnich roli
v apoptoticky navozené bunécné smrti pomoci uvolnéni pro-apoptotickych proteind
cytochromu C, sekundarniho pfenasece mitochondrialnich aktivatort kaspaz (SMAC)
a HTRA2, a redukci ATP v dlsledku oxidativni fosforylace. Dysfunkce mitochondrii

dale vede ke zmnozeni volnych kyslikovych radikald a tim k nartstu oxidativniho



stresu. Také proteinové produkty fady genl asociovanych s monogenetickymi
formami parkinsonismu, které zahrnuji geny pro alfa-synuklein, Parkin, DJ-1, PINK1,
LRRK2 a HTRAZ2, se podileji na mitochondrialni dysfunkci a potazmo na oxidativnim
stresu.

NaruSeni systémU proteinové degradace nejspiSe také ma vyznamnou ulohu
v patogenezi PN. Tyto systémy zahrnujici cestu lysozomalni degradace a ubiquitin-
protedzovy sytém jsou zapojeny Vv degradaci poSkozenych, zmutovanych,
denaturovanych ¢&i jinak poSkozenych protein(.

Produkce zménénych, zmutovanych, denaturovanych ¢i jinak poSkozenych
proteinu a jejich zhorSena degradace ma za nasledek akumulaci a agregaci téchto
proteint a formovani Lewyho télisek. Pro Lewyho patologii je typicky prukaz alfa-
synukleinu, proteinu, ktery je normalné pfitomny v presynaptickych zakoncenich
vétSiny neuronl. Bodové mutace, duplikace a triplikace genu pro alfa-synuklein jsou
asociovany s hereditarni formou PN. U PN a jinych synukleinopatii monomericky
alfa-synuklein agreguje za vzniku insolubilnich fibril. Proteomické studie navic
ukazaly, ze kromé alfa-synukleinu jsou v Lewyho téliscich pfitomny i jiné proteiny,
jako kinazy, ligazy, proteiny zapojené na degradaci proteinl, transmembranovém
pfenosu a oxidativnim stresu. Vysledky recentnich neurochemickych studii mozkové
tkané u pacientl s PN prokazuji interakci mezi alfa-synukleinem a tau proteinem a
zvySeny vyskyt tauopatie u pacienti s PN.

V substantia nigra u pacientd s PN je opakované prokazovana pfitomnost
zmeén, typickych pro zanétlivou reakci, zahrnujici aktivaci mitochondrii, astrogliozu a
infiltraci lymfocytd. Indikatorem zanétu a zapojeni glii na molekularni drovni jsou
zvySené hladiny interleukin( a alterace hladin rastového faktoru v substantia nigra a
ve striatu u pacientll s PN. Je zvazovano, ze zanétlivé zmény pfispivaji ke kaskadée
udélosti vedoucich k neurodegeneraci a tudiz k progresi onemocnéni. Nicméneé i
samotny zanét mize byt odpovédny za neurodegenerativni proces. Tuto roli zanétu
na patogenezi PN podporuje vztah mezi polymorfismem genl asociovanych se
zanéty nervové soustavy, jako tumor nekrotizujici faktor-alfa (TNF-alfa), interleukin-1-
beta a interleukin-6, a rizikem rozvoje PN, ale i protektivni efekt nesteroidni
antiflogistické terapie.

Apoptoticky navozend bunéna smrt je také zvaZovana jako potenciélni

patogeneticky faktor u PN.



Predpoklada se, Zze ktomu, aby béZzné koncentrace tzv. endotoxin a
exotoxinu vyvolaly selektivni neurodegeneraci dopaminergnich bunék, musi existovat
geneticka predispozice, a to jak v pfipadech s familiarné vazanou PN (Tab. 1.1), tak

u nemocnych se sporadickou PN.

Tab. 1.1. Pfrehled gen 0 vedoucich k rozvoji parkinsonského syndromu a

celularni patologie s nimi souvisejici

Lokus Geny Klinicky obraz Patologicky obraz
Dominantni

a- Typicka PN, maze byt pfitomna )
PARK1/4 Lewyho téliska

Synuclein | deprese

Obvykle Lewyho
PARKS LRRK2 Typicka PN téliska: muzou byt i
tau-klubka

VétSinou pod obrazem demence,
FTDP-17 MAPT o Tau-klubka
muze byt pfitomna i typicka PN

Nebyvaji Lewyho
U Evropanu obvykle ataxie, nékdy . -
. _ _ . téliska, spise
SCA3 Ataxin3 Parkinsonismus, ten obvzvlaste u o
o o polyglutaminoveé
Africkych narodu .
inkluze

. oL _ Nebyvaji Lewyho
U Evropanu obvykle ataxie, €asto i . N
. _ _ . téliska, spise
SCA2 Ataxin2 Parkinsonismus, ten obvzvlasté u o
o o polyglutaminoveé
Africkych narodu

inkluze
Recesivni
. ZaCatek PN v ¢asném véku, velmi Ojedinéle Lewyho
PARK2 Parkin ] o .
pomala progerese onemocnéni téliska
Zacatek PN v ¢asném véku, velmi Ojedinélé pripady
PARK6 PINK1 ) o o
pomala progerese onemocnéni s Lewyho télisky




jen malo informaci, pravdépodobné o
PARKY DJ-1 ] ) Neznama
jako Parkin

Agresivni prabéh, komplex pfiznaku
PARK9 ATP13A2 | parkinsonismu a jinych pfidatnych Neznama

symptomu

Agresivni prabéh, komplex pfiznaku
PARK14 PLA2G6 | parkinsonismu a jinych pfidatnych Lewyho téliska

symptomu

Obvykle spasticka paraplegie, ale
| nékdy i agresivni prubéh, komplex
SPG11 Spatascin | . . _ L Neznama
pfiznaku parkinsonismu a jinych

pridatnych symptomu

Pfevzato z Hardy J. Genetic Analysis of Pathways to Parkinson Disease. Neuron. 2010 October 21;
68(2): 201-206.

Typickou patologickou znamkou PN jsou Lewyho téliska, jejichz hlavni
slozkou je abnormalni alfa-synuklein. Podle praci Braaka a kol. (2003) tyto zmény
postupné zasahuji predilekéni oblasti mozku v Sesti stadiich ve vzestupném poradi
od prodlouzené michy az po neokortex. V pocatecnich preklinickych stadiich (1 a 2)
je zasazeno dorzalni motorické jadro n.vagus, bulbus olfactorius a prislusna cast
nucleus olfactorius anterior. Typické klinické pfiznaky PN se objevuji az ve 3. stadiu,
histopatologicky charakterizovaném postizenim locus coeroleus a substantia nigra.
Ve 4. stadiu pronikd patologicky proces dale do mezencefala a postihuje
magnocelularni cholinergni jadra, zaroven je postizen i temporalni mezokortex.
Nakonec je v 5. a 6. stadiu patologicky proces pIné vyjadfen a postihuje i primarni a
asociacni oblasti neokortexu. Tato studie pfedstavuje PN jako plynule progredujici
neurodegenerativni proces, ktery postupné postihuje fadu mozkovych sytému (Obr.
1.1)
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Obr.1.1. Patologicka stadia rozvoje Parkinsonovy nemoci, pfevzato z Braak et al.
2004

1.1.3 Klinicky obraz

1.1.3.1 Casné stadium nemoci

PN muiZze v pocatecnim obdobi i nékolik let probihat takika nepostfehnutelné.
Podle Braakovy teorie (viz vySe) v této dobé probihaji preklinicka stadia 1 a 2, ktera
se mohou projevovat jako poruchy cichu ¢i abnormalnim chovanim v REM fazi
spanku zpusobené postizenim pfisluSnych strukrur bulbus olfactorius a jader dolni
¢asti mozkového kmene. ZpocCatku byva €asto pfitomna depresivni symtpomatika,
kterA& maze prekryvat pocCatecni pfiznaky. V nésledujicich stadiich (3 a 4), kdy jiz
dochazi k postizeni substantia nigra a Ubytku dopaminu ve striatu, byvaji jésté
pfitomny kompenzacni mechanismy (zvySené uvolhovani dopaminu zbyvajicicmi
neurony ¢&i hypersenzitivita receptoru), které jeSt€é umoznuji zachovat normalni
funkce. Nasledkem zminénych mechanismi dochazi k rozvoji pfiznakl PN aZ pfi
poklesu pocétu dopaminergnich neuron a hladiny dopaminu ve striatu pod 30%.
Zpocatku pak byvaji obvykle pfitomny necharakteristické somatické pfiznaky (kloubni
¢i svalové bolesti apod.) a az po €ase se postupné rozviji typické motorické pfiznaky,
na jejichz zakladé Ize pak klinicky usuzovat na diagnézu PN.

11



Zakladni charakteristika parkinsonského syndromu je tzv.kardinélni trias —
pfitomnost bradykineze, rigidity a klidového tfesu. V dnedni dobé se jiz ale spise
hovofi o tetrddé pfiznaku, kdy je za dominantni motoricky symptom povaZovana i
posturalni instabilita. Ze zakladnich motorickych pfiznakl pacienta nejvyraznéji
omezuje vétSinou bradykineze (zpomaleni pohybu) a pfibuzné projevy jako
hypokineze (zmenSeni rozsahu pohybu) a akineze (porucha startu pohybu).
Hypokineze na koncetinach byva alespon z po¢atku jednostranna nebo asymetricka
s pfevahou na akrech. Casnymi hypokinetickymi projevy jsou téZ zmen3eni pisma
(mikrografie), maskovity vyraz obli¢eje (hypomimie), snizeny rozkyv hornich koncetin
pfi chlizi (omezeni &i ztrata synkinezi) a ticha monoténni fe¢ (hypofonie, aprosodie),
pfipadné dysartrie se zrychlenim tempa feci (tachyfémie) s opakovanim poslednich
slabik nebo celych slov (palilalie).

Rigidita ¢asto provazi hypokinezi. Nicméné oba pfiznaky nemusi byt vzdy
vyjadieny stejné intenzivné. Jiz v pocatecnich stadiich souvisi s rigiditou svalové
bolesti a ztuhlost koncetiny. Vyraznéji je rigiditou postizeno axialni svalstvo a flexory,
¢imz je dano typickeé flekéni drzeni Sije, trupu a koncetin.

Tfes u PN je typicky klidovy o frekveci 4-6 Hz a postihuje pfedevSim akra
koncetin, pfedevSim hornich. Typicky mizi, respektive se vyrazné& mirni, pfi volnim
pohybu. Tfes se zvyrazfiuje stresem, mentalnim usilim, Gnavou, tfes ruky se déle
akcentuje pfi pohybu druhostranné koncetiny ¢&i pfi chazi. Naopak typicky
parkinsonsky tfes mizi ve spanku.

Mezi posturdini poruchy Fadime flekéni drZzeni trupu, nejistotu pfi stoji,
Souravou chuzi se zkracenim kroku. V pokrocilych stadiich onemocnéni se pak ¢asto
objevuji i nahlé zarazy pohybu vedouci mnohokrat k padim a dramaticky pak
zhorsuji kvalitu Zivota pacientd s PN.

Mimo vySe uvedené motorické projevy je vS8ak PN charakterizovana i nékolika
dalSimi, tzv. non-motorickymi pfiznaky. Jedna se pfedevSim o poruchy vyplyvajici
Z postizeni vegetativniho nervstva a psychické zmény.

Z vegetativnich poruch to byva jiz od €asnych stadii obstipace a seborrhoea,
v pocatecnich stadiich onemocnéni predevSim v oblasti obliceje a hlavy. Z dalSich
vegetativnich pfiznakd vidame také poruchy traveni, hypersalivaci, zvySené poceni,
ortostatickou hypotenzi, mikéni a sexualni pruchy. Tyto pfiznaky mohou byt ¢asto

potencovany i terapii.
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Z psychickych zmén je nejCastéjSi deprese, ktera muze byt pfitomna jiz na
pocatku onemocnéni. Poruchy kognitivnich funkci (zvlasté exekutivni dysfunkce)
mohou u nemocnych po letech pferlist v globalni kognitivni deficit dosahujici az
demence (Tab. 1.2).

DalSi skupinou ¢asto obtizné terapeuticky ovlivnitelnych pfiznakd PN jsou
potize se spankem. Krom rliznych abnormit v ramci REM spénku, jako jsou Zivé sny,
¢i syndrom neklidnych nohou, a které mohou byt pfitomny jiz nespecificky v prvnich
fazich onemocnéni, jeSté prfed jeho typickou klinickou manifestaci a mozZnou
diagnostikou, také casto pacienti s PN maji potize s tzv.fragmentaci spanku,
nadmérnou denni spavosti a nékdy i stavy nahlého usnuti. Opét i spankové potize
mohou byt nékdy akcentovany jako nezadouci Ucinek terapie.

Tab. 1.2 Priznaky Parkinsonovy nemoci

Motorické p Fiznaky Non-motorické p Fiznaky

Tfes, bradykineze, rigidita, posturalni Kognitivni deficit, bradyfrenie
instabilita

Hypomimie, dysartrie, dysfagie Deprese, apatie, anhedonie, Unava,

dalsé behaviorélni a psychické problémy

Snizeni synkinez kondetin, Sourava Senzorické pfiznaky: anosmie, ageusie,

chuze, obtizné vstavani ze Zidle, otaceni | bolest (ramena, zada), parestezie

se na laZzku

Mikrografie, obtize s krajenim jidla, Dysautonomie (ortostaticka hypotenze,

jidlem, hygienou, zpomaleni zacpa, mocové a sexualni dysfunkce,

kazdodennich aktivit zvyseneé poceni, seborrhoea), snizeni
hmotnosti, sialorrhoea

Glabelarni reflex, blefarospasmus, PotiZze se spankem (tzv. REM behaviour

dystonie, skoli6za, kamptokormie disorder, zivé sny, usinani béhem dne,

fragmentace spanku, syndrom

neklidnych nohou)

Pfevzato z Jankovic J. Parkinson's disease: clinical features and diagnosis. J Neurol Neurosurg

Psychiatry. 2008 Apr;79(4):368-76.
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1.1.3.2 Pozdni (pokro ¢ilé) stadium PN
Komplikace pokrocilého stadia PN jsou dany spole€nym projevem progrese
choroby do vysSich stadii a také vlivem dlouhodobé nepfirozené Iékové stimulace
dopaminovych receptorll. Pfehled nejcastéjSich komplikaci pokrocilého stadia

onemocnéni je uveden v tabulce — Tab.1.3.

Tab. 1.3 — €asté komplikace pokro ¢€ilého stadia Parkinsonovy nemoci

Komplikace Hybné komplikace Non-motorické
dopaminergni terapie samotného onemocn éni | komplikace samotného
onemocn éni
hybné a nehybné potize pfi chlzi deprese
fluktuace (freezing)
demence
dyskineze posturdlni instabilita
(pady) poruchy spanku
neuropsychiatrické (insomnie, poruchy
komplikace (halucinace a dysartrie REM faze spanku)
behavioralni poruchy)
autonomni poruchy
zvySena denni spavost
senzorické potize
otoky nohou

Prevzato z Jankovic J., Tolosa E. Parkinson’s Disease and Movement Disorders (fifth edition)

Lippincott Williams & Wilkins, a Wolters Kluwer business 2007

Jako fluktuace hybnosti se oznacCuje zkradcené trvani ¢i vypadky acCinku
jednotlivych davek lécby — kolisdni mezi akineticko-rigidnimi ,OFF" stavy a stavy
zlepSené hybnosti tzv. ,ON" stavy. Podkladem této fluktuace je snizena skladovaci
kapacita pro dopamin pfi postupujicim zaniku nigrostriatalnich neurond a také
receptorové zmény vyvolané nefyziologickou stimulaci. Nejprve se u vétSiny pacient(
vyskytuji tzv. ,wearing-off* stavy, kdy ke zhorSeni pfedevsim motorickych projevd, ale
i non.motorickych, dochazi pfed dalSi davkou léku levodopa (L-DOPA) — viz. dale.

Postupem Casu se pak intervaly mezi nutnou davku Iéku zkracuji, nékdy i na vice jak
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6-8x denné. Tyto stavy jsou predvSim pacienty vnimany subjektivné znaéné
negativné a nezfidka vedou i k tendenci naduzivani L-DOPA.

DalSi typickou komplikaci pozdniho stadia charakterizované zhorSenou
hybnosti a ¢asto i vystupriovanou rigiditou az do obrazu kfece ¢i dystonie je vyskyt
tzv. ,rannich off stav(“. Jiz dle pojmenovani je ziejmé, Ze ktémto komplikacim
dochazi v brzkych rannich hodindch, ¢asto tak zkracuji spanek a budi pacienty pro
¢asto bolestivé vnimanou kie¢ ¢i dystonii. Dystonie u PN postihuje pfedevsim akra
koncetin.

Polékové dyskineze choreatického &i choreodystonického charakteru postihuji
vétSinu pacientt dlouhodobé IéCenych L-DOPA. Na jejich vzniku se podileji
farmakodynamické mechanismy, tj. pfechodna relativni hypersenzitivita a dysbalance
mezi subtypy receptord pro dopamin na vrcholu Géinku davky dopaminergni
medikace.

Polékové psychotické projevy (halucinace, bludy &i delirium) vznikaji jako
vedlejSi neZadouci Uc€inky dopaminergni nebo anticholinergni terapie. K témto

projevim dochazi pak predevSim u pacientl s jiz existujicim kognitivnim deficitem.

1.1.4 Diagnostika

Diagnéza PN je zaloZena predevSim na cilené anamnéze a klinickém
neurologickém vySetfeni. Jako pravdépodobnou diagnézu PN lze urcit stav, kdy je
pfitomna bradykineze a alespon dva ze tfi dalSich hlavnich pfiznaku (rigidita, klidovy
tfes, posturalni poruchy), onemocnéni ma plynule progredujici pribéh, nejsou
nalezeny zadné dalsi pfiznaky, které by svédCily pro jiné onemocnéni, a neni
prokdzana Z2adnd jina choroba ¢&i pfi¢ina, kterd by mohla vyvolavat parkinsonsky
syndrom. Mezi tzv. podpurna kritéria pro diagnézu PN je jednostranny zacCatek
pfiznakd ¢&i jejich pretrvavajici asymetrie. Hlavnim diagnostickym testem PN je

ovéreni odpovidavosti na dopaminergni podnét.

V soucasné dobé jsou mezinarodné uznavané diagnosticka kritéria dle United
Kingdom Parkinson’s Disease Society Brain Bank (UKPDS BB) - Tab. 1.4.
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Tab. 1.4 Diagnosticka kritéria pravd eépodobné Parkinsonovy nemoci dle UK

Parkinson’s Disease Society Brain Bank

Krok 1

Bradykineze

PFitomnost nejméné jednoho z nasledujich kritérii:

Rigidita

Klidovy tfes o frekvenci 4—6 Hz

Posturdlni instabilita, ktera neni zapfi€¢inéna primarnim postiZzenim zraku,

vestibularniho aparatu, mozecku nebo proprioceptivni dysfunkci

Krok 2

Vyloug&eni jinych pfi¢in parkinsonismu

Krok 3

PFitomnost nejméné tfi z nasledujicich podplrnych (prospektivnich) kritérii:

Jednostranny zacatek

Klidovy tfes

Progreduijici postizeni

Pretrvavajici asymetrie ve prospéch primarné postizené strany

Vyborna odpovéd (70-100%) na terapii levodopou

Zavazné levodopou navozené dyskineze (chorea)

Odpovéd na terapii levodopou po dobu 5 let a déle

Klinicky prubéh 10 let a déle

Pfevzato z Daniel SE, Lees AJ. Disease Society Brain Bank, London: overview and research. J Neural
Transm Suppl 1993; 39: 165-172.

Dale miZeme u pacientd s podezienim na PN provést vySetieni
jednofotonovou emosni tomografii (SPECT) realizované na pracovisti nuklearni
mediciny. U tohoto vySetfeni dochazi po podani radioaktivni latky, ktera se vaze na
presynaptické dopaminové transportéry, k prukazu presynaptického dopaminergniho
deficitu ve striatu. Nedokaze vSak odliSit PN od jinych onemocnéni, u nichz je
postizen jak presynapticky, tak postsynapticky oddil dopaminergniho systému jako

jsou multisystémova atrofie i progresivni supranuklearni paralyza.

PriCiny parkinsonismu lze rozdélit do &ty skupin: priméarni (idiopaticky)
parkinsonismus, sekundarni (symptomaticky) parkinsonismus, heredodegenerativni

parkinsonismus a parkinson-plus syndromy. PN tvofi asi 80% vSech pfipadd
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parkinsonského syndromu. DalSich 10% predstavuji symptomatické parkinsonské
syndromy, ktera provazeji rizna postizeni mozku (cévni onemocnéni, metabolické
poruchy, opakovana traumata CNS, toxické a polékové poruchy, aj.). U dalSich cca
10% je pficinou parkinsonského syndromu jiné degenerativni onemocnéni CNS, jako
jsou napf. progresivni supranuklearni paralyza, multisystémova atrofie, Alzheimerova
nemoc, demence s Lewyho télisky, kortikobazalni degenerace & Guamsky komplex.
(Tab.1.5.).
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v/sw

Tab. 1.5 P¥iciny parkinsonského syndromu

Primarni parkinsonismus (idiopaticka Parkinsonova n emoc) — 80%

Sporadicka

Znama (prokazand) geneticka etiologie

Sekundarni parkinsonismus (enviromentalni etiologie ) —10%

Léky

Blokatory dopaminergnich receptort (pfedevsim antipsychotika)

Latky snizujici schopnost ukladani dopaminu (reserpin, tetrabenazin)

Postencefaliticky

Toxiny: Mn, CO, MPTP, kyanid

Vaskularni

Mozkové tumory

Kraniocerebralni tramata

Normotenzni hydrocefalus

Parkinson-plus syndromy — 5-10%

Progresivni supranuklearni paralyza

Multisystémova atrofie

Kortikobazalni degenerace

Demence s Lewyho télisky

Guamsky komplex (Parkinson-demence-ALS komplex)

Heredodegenerativni onemocn éni — 5-10%

Alzheimerova demence

Wilsonova nemoc

Huntingtonova nemoc

Frontotemporalni demence (mutace tau proteinu vdzana na chromozomu 17qg21)

X-vazana dystonie — parkinsonismus (u Filipinskych muz(, znama jako Lubag)

Pfevzato z Fahn S. Description of Parkinson’s Disease as a Clinical Syndrome Ann. N.Y. Acad. Sci.
991: 1-14 (2003).
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1.1.5 Terapie

Medicinské poznani ani na poc¢atku 21. stoleti stale nenabizi zadny kauzalni lék,
ktery by mohl vylécit PN a v sou€asnosti neni ani znam ucinny postup, ktery by vedl
ke zpomaleni progrese PN. Nicméné mame v soucasné dobé k dispozici nékolik
terapeutickych moznosti, za jejichz pfispéni mazeme ucinné tlumit symptomy a
zlepsit tak kvalitu Zivota pacientd s PN. Nékteré pfiznaky, predevSim symptomy
v pocatecnich stadiich onemocnéni jsou velmi dobfe ovlivnitelné, jiné, pfedevsim pak
pfiznaky non-motorické a symptomy pozdniho stadia PN, jsou ovlivnitelné hufe a
nékteré dokonce prakticky vibec. Terapeutické moznosti sou¢asnosti jsou prakticky
troji: farmakologické, rehabilitaéni a neurochirurgické.

PFi zahgjeni I1éCby a volbé optimalni IéCebné strategie bereme v Gvahu nékolik
faktor. PfedevSim kognitivni stav, dale je nutno vzit v ivahu anamnézu psychotické

poruchy, tizi funkéniho postizeni a v neposledni fadé i vék nemocného.

1.1.5.1 Farmakoterapie PN

zahrnujici substituci chybéjiciho dopaminu a kompenzaci sekundarni mediatorové
dysbalance. Soucasna farmakoterapie méni klinicky obraz onemocnéni tak, Ze na
jedné strané potlacuje pfiznaky nemoci, ale na druhé zase sama muze zplasobovat
nezadouci pfiznaky, jako jsou pozdni hybné komplikace a psychické poruchy.
S postupnou progresi onemocnéni je nutné stalé navySovani davek medikace, coz
zvySuje vyskyt nezadoucich G¢inkd. Dle nékterych praci po 5 letech terapie L-DOPA
trpi az 50% pacientd pozdnimi komplikacemi souvisejicimi s terapii. Dochézi ke
snizeni efektivity dopaminergni medikace a zuZovani tzv. terapeutického okna.
K omezeni vyskytu pozdnich komplikaci navozenych L-DOPA je nutné jeji pfesné
davkovani a optimalni kombinace s dalSimi preparaty.

L-DOPA je stale vnimana jako tzv. ,zlaty standard“ l1é¢by PN, a to v jejim
¢asném i pokrocilém stadiu. V pokrocilém stadiu onemocnéni uzivaji v néjaké formé
L-DOPA prakticky vsSichni pacienti, ktefi jsou IéCeni pro idiopatickou Parkinsonovu
nemoc. L-DOPA sama o sobé neni IéCivou molekulou, ale prekurzorem dopaminu.
Na rozdil od dopaminu je ale aktivné transportovana pfes stfevni sténu (vstfebava se
v duodenu a hlavné v jejunu), a bez problému prestupuje pfes hematoencefalickou

bariéru. L-DOPA je fragilni molekula a na periferii i v CNS je pomérné rychle
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metabolizovana nékolika enzymy. Na periferii je metabolizovana dopa-
dekarboxyldzou (DDQC), katechol-O-methyltransferazou (COMT) a
monoaminooxidazou B (MAO-B). V CNS je metabolizovana COMT, MAO-B, DDC a
mono aminooxidazou A (MAO-A). Zbyvajici, nezmetabolizovany objem L-DOPA se
pomoci hematogenniho a extracelularniho transportu dostava k burikdm striata, kde
je tato L-DOPA metabolizovana na dopamin a plsobi na dopaminergnich
receptorech (vSech tfid, zejména ale D2) jako nahrada za dopamin endogenni.

Lécba L-DOPA je ve vSech doporucenich vnimana jako efektivni a dostate¢né
bezpe¢na. Kromé intoxikace pfi predavkovani, ktera se vétSinou manifestuje
psychiatrickou symptomatiku, je za jediny zavaznéjSi nezadouci UCinek povazovana
ortostaza. Po nékolikaleté 1é¢bé dochazi k habitaci efektu L-DOPA a tzv. re-settingu
(,pFenastaveni“) dopaminergnich receptord. Podobné jsou ovliviiovany receptory
zpétnovazebné v oblasti substantia nigra. Tyto dva déje jsou pfi€inou vzniku tzv.
wearing-off fenoménu (zkracovani efektu davky) a fluktuaci, nej¢astéji charakteru on-
off a dyskinezi.

U vyznamné pokrocilého a komplikovaného stadia PN, kdy peroralni podavani
Iékd (jakychkoliv, nejen L-DOPA) je problematické pro poruchu vstfebavani v horni
¢asti gastrointestinalniho traktu, je mozZnost terapie L-DOPA ve formé gelu v podobé
kontinualni duodenalni infuze pomoci sondy vedené cestou perkutanni gastrostomie.
K tomuto Ucelu se pouZziva programovatelna pumpa, kterou pacient nosi po cely den
pfipevnénou na téle. V americkych i evropskych doporucenich je tento druh |éCby
povaZzovan za ultimum refugium terapiae.

DalSi moznosti farmakoterapie jsou tzv. dopaminergni agonisté. Jedna se o
pomérné heterogenni skupinu molekul, jejichz spole¢nou vlastnosti je afinita
k dopaminovym receptorum (vSech tfid, pfevazné ale D2) v mozku. Preparaty jsou
podle chemické struktury molekuly déleny do dvou skupin, na ergolinové a non-
ergolinové. Preparaty s ergolinovou strukturou mohou zpusobit fibrotizaci, jejimiz
V soudasné dobé& jsou v Ceské republice prakticky nejvice pouZivané molekuly
ropinirol a pramipexol, méné pak jiz rotigotin. Oba patfi mezi non-ergolinové
dopaminergni agonisty s vysoce selektivni afinitou k D2 receptorim a pomérne
dlouhym biologickym polo¢asem (pramipexol 12 hodin a ropinirol az 18 hodin). K asi

v

se projevuje i gastrointestinalni intolerance, nauzea, psychické komplikace -
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pfedevsim behavioralni poruchy (hypersexualita, gambling, punding), syndrom
nahlého usnuti a otoky nohou. Rotigotin je taktéZz non-ergolinovy preparat, ktery je
silnym agonistou receptord D3 a slabSim agonistou receptorid D2. Je pouZivan ve
formé transdermalniho systému, ktery umozfuje tzv. kontinualni uvolfiovani uc¢inné
latky do krevniho obéhu. Doporuéeni shodné uvadéji dobrou snasenlivost rotigotinu
s minimem nezadoucich 0¢inkd, jejichz mnozstvi vSak vyznamné narlsta, je-li denni
davka vyssi nez 24 mg.

Apomorfin je patrné nejstarSi klinicky uzivany preparat ze skupiny
dopaminergnich agonistt. Jedna se o velmi potentniho a pfimého agonistu receptort
D1 a D2. Jeho chemicka struktura je velmi blizka struktufe endogenniho dopaminu.
Nevyhodou apomorfinu je nutnost parenteralniho podani (velmi rychle je totiz
metabolizovan v zazivacim traktu) a velmi kratky biologicky polo€as, udavany mezi
50-70 minutami. Evropska doporu€eni jmenuji lé¢bu ve formé kontinualnich
subkutannich infuzi, nebo ve formé jednorazovych, tzv. ,rescue” injekci u pacient s
Castymi, nepfedvidatelnymi a invalidizujicimi ,off* zvraty. Americkd doporuceni
uvadeéji pouze lécbu pomoci ,rescue” injekci (apomorfin neni FDA schvéalen k Ié¢bé
stavy pokrocilého stadia PN.

Dalsi skupinou lékl vyuZivanych v terapii PN jsou inhibitory COMT. Tyto léky
byly vyvijeny se zamérem napodobit efekt dopa-dekarboxylazy a inhibitorQ
monoaminooxidazy, a zablokovat dalSi cestu metabolického rozkladu podané L-
DOPA. Na periferii i v mozku je L-DOPA (kromé jiného) metabolizovana pravé timto
enzymem (COMT). Preparaty lze pochopitelné podavat pouze v kombinaci s L-
DOPA.

V souCasné dobé jsou k dispozici dva preparaty — entacapon a tolcapon.
Entacapon pulsobi jako inhibitor COMT pouze periferné, nicméné jeho acinnost je
vysoka. Redukce davky L-DOPA pfi podavani entacaponu byva az o 30-40%.
Nezadouci ucinky jsou minimalni, nejCastéji je popisovano pouze oranzoveé zabarveni
moci. Tolcapon je v souasné dobé podavan pouze za specialnich podminek
(kritéria, Casté kontroly apod.) ve Spojenych statech, nékterych statech Jizni Ameriky
a v nékterych statech v Evrop&, mezi nimi i v Ceské republice. Divodem pfisnych
podminek podavani tolcaponu byly publikované pfipady fulminantni hepatéini
nekrozy pfi podavani tolcaponu, kterd pfechodné vedla dokonce ke stazeni

preparatu z trhu.
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Nékdy jsou pouzivané v terapii i inhibitory monoaminooxidazy B — selegilin a
rasagilin. Predpoklada se, Ze svym pusobenim blokuji Fentonovu reakci a tim
redukuji riziko oxidativniho stresu redukci tvorby volnych radikald. Zatim jsou volné
radikaly povazovany za dulezity Cinitel v pribéhu apoptézy. Zaroven blokadou MAO-
B, jednoho z enzymu, metabolizujicich L-DOPA na periferii i v CNS, zvysuji jeji
vyuzitelnost. Velké klinické studie prokazaly, Ze skute¢né lécba selegilinem oddaluje
potiebu zahajeni IéCby L-DOPA. Neprokazaly vSak presvédcCivé predpokladany
neuroprotektivni efekt, tj. zpomaleni progrese nemoci. Klinicka studie ADAGIO pak
prokazala efekt rasagilinu na motorické fluktuace v pokrocilém stadiu PN.

Amantadin je Iék plvodné vyvinuty jako antivirotikum. Akcidentéalné vsak byl
pozorovan vyznamny pozitivni efekt této 1éEby na pfiznaky PN. Amantadin je
vyhodny v monoterapii. Specifickym pouzitim amantadinu je infuzni léCba roztokem
amantadin-sulfatu, ktera je pouzivana v pfipadech selhavani dopaminergni lécby a
nastupu vyrazné hypokinezy a rigidity u fluktuujicich pacientt s PN.

Anticholinergika jsou patrné nejstarSi léky pouzivané k |écbé PN.
Anticholinergiky jsou totiz pfirodni alkaloidy atropin a skopolamin, a tinctura
belladonae byla k ovlivnéni parkinsonské symptomatologie pouzivana jiz davno.
Vyhodou anticholinergik je snadné podavani, nevyhodou je pomérné vysoka
incidence nezadoucich ucinkd z psychiatrické oblasti, zejména halucinaci a
kognitivnich poruch. Z tohoto divodu se nedoporu€uje podavani anticholinergik u
pacientl starSich 60 let. Nevyhodou je také nutnost postupného vysazeni, nahlé
vysazeni muze zpusobit abstinenéni pfiznaky. Vyhodou, kterou je tfeba zminit, je
selektivni velmi dobra ucinnost u tremor-dominantnich forem PN a pozitivni ovlivnéni

vegetativnich pfiznaku, napf. hypersalivace.

1.1.5.2 Chirurgick& lé €ba

| pfes vyrazné pokroky poslednich asi 25 let a dostupnost novych preparat
acinnych v terapii PN stale u nékterych pacientd v pokrocilém stadium onemocnéni
jiz neni efekt veSkeré dostupné farmakoterapie dostacujici. Pro nékteré z téchto
pacientu je vhodnou metodou léCby stereotakticka chirurgie.

Vyrazny rozvoj stereotaktické lezionalni chirurgie s efektem na nékteré
pfiznaky PN, pfedevSim pak na tfes nastal jiz v 50. letech 20. stoleti. Tedy jiz pfed

zavedenim terapie L-DOPA. Pfedevsim se pfistupovalo k pallidotomii, pozdé&ji pro
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lepSi efekt na tremor byla rozSifenym lezionalnim vykonam thalamotomie. Od konce
60. let minulého stoleti pak prevliadla s nastupem éry L-DOPA opét farmakoterapie a
stereotakticka chirurgie na ¢as ustoupila do pozadi.

Od roku 1987 je ve svété moznost léCby metodou hluboké mozkové stimulace
(DBS z angl. deep brain stimulation). Benabid a kol. vté dobé& implantovali a
pocatkem 90.let pak i publikovali prace o efektu elektrické vysokofrekvenéni
stimulace pomoci elektrod zanofenych do oblasti subthalamického Luysova jadra na
pfiznaky PN. Na pfelomu tisicileti pak tato terapeuticka metoda dosahla vyznamného
rozvoje a vsoucCasné dobé je povazovana za standardniho metodu terapie
pokrocilého stadia PN za predpokladu spinéni indikacnich kritérii.

Metoda DBS mé oproti klasickym lezionalnim zakrokim nespornou vyhodu
v reverzibilnosti jejich G¢inkd. Pacient ma zavedeny do oblasti mozku vétSinou 2
elektrody, které jsou propojeny kabelem vedoucim v podkoZzi hlavy a krku az
k vlastnimu neurostimulatoru, ktery je uloZzen vétSinou v podklickové oblasti (podobné
jako kardiostimulator) nékdy v podkoZi bficha.

Dosud neni pfesné znam patofyziologicky proces, ke kterému dochazi pfi
vysokofrekvenéni elektrické stimulaci struktur, uloZzenych hluboko v mozku. NejspiSe
se jedna hned o nékolik rznych procesu. Zvazuje se, ze vysokofrekvenéni elektrické
stimuly snizuji prah drazdivosti na neuronalnich synapsich a blokuji depolarizaci
synaptické membrany, dalSi prace zase pojednavaji o pravdépodobné inhibici
synaptickych spojl, navozené stimulaci.

Jako cil hluboké mozkové stimulace se u pacientl s PN pouZivd nejCastéji
subthalamické jadro (STN) nebo vnitfni pallidum (Gpi), v nékterych pfipadech muaze
mit dobry efekt i stimulace nékterych jader thalamu. V soufasné dobé je
preferovanym cilem STN, nicméné i dalSi cile, pfedevsim pak GPi, mohou byt v
terapii napomocny a v nékterych pfipadech upfednostnény.

V terapii hlubokou mozkovou stimulaci i pfi jeji indikaci a pfipravé o pacienta
pecuje tym nékolika specialistt (neurochirurg, neurolog, psycholog, nékdy i internista
a psychiatr). Lékafi nejprve pacientovi vzdy vysvétli, co vSechno se da ocekavat od
[éCby hlubokou mozkovou stimulaci, jaka sebou tato léCba nese rizika. K 1é¢hé
hlubokou mozkovou stimulaci jsou indikovani pacienti s diagnézou idiopatické PN,
trpici mimovolnimi pohyby &i téZkymi stavy ztuhlosti a nehybnosti, které svoji tizi Ci
trvanim pacienta vyrazné omezuji v jeho béznych dennich aktivitach. A soucasné se

tyto potize nedafi dostateCné ovlivnit ani pfi vyCerpani vSech moznosti
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farmakologické 1é¢by. Na druhou stranu vykon je rizikovy pro pacienty vyssSiho véku,
ktefi ~ souCasné trpi  dalSimi  chronickymi  onemocnénimi, pfredevsSim
kardiovaskularniho aparatu, nebo se u nich vyskytly psychiatrické komplikace PN.

Uginek terapie DBS na projevy sekundarniho parkinsonského syndromu
podminéného jinymi neurodegenerativnimi onemocnénimi neni jednoznacny, proto
v sou€asné dobé je metoda DBS indikovana pouze u idiopatické PN.

Oboustranna stimulace subthalamického jadra vede k vyraznému zlepSeni
motorickych symptomu PN. Dle nékterych studii dochazi ke zlepSeni stavu ztuhlosti o
40-70%. V nékolika dlouhodobych sledovanich u velkého poctu pacientt I1éCenych
hlubokou mozkovou stimulaci subthalamického jadra, doSlo po 12 mésicich 1éCby ke
zlepSeni tfesu 0 81%, ztuhlosti neboli rigidity o 63%, zpomalenosti i bradykineze o
52%, chize o 64% a poruch rovnovahy o 69%, ve srovnani se stavem pred
zahajenim terapie DBS. Hlubokad mozkova stimulace také umoZznuje ¢asto znacnou,
az 50% redukci dalSi dopaminergni terapie, coz je jisté také jeji znacnou vyhodou,
predevsim pro vySe zminéné pozdni nezadouci ucinky dlouhodobé terapie vysokymi
davkami dopaminergnich preparata.

Nezadouci uc€inky terapie DBS jsou relativné casté, nicméné jedna se
prevdzné o nezadouci UCinky reverzibilni, C¢asto dobfe ovlivnitelné Upravou
stimulacnich parametrd. Mezi mozné nezadouci UCinky vlastni stimulace pak patfi
dyskinézy, snizeni efektu L-DOPA, dysartrie, apraxie pohybu o¢nich bulbt, poruchy
chize, mydridza, parestezie, pfibyvani na vaze, psychiatrické efekty. Nezadouci
acinky vlastniho neurochirurgického zakroku, jako krvaceni, infekce apod. se
vyskytuji pouze asi u 3% pfipadu. Indikace k terapii DBS a jeji realizace je provadéna
pouze na urovni center s dostateCnymi zkuSenostmi v terapii hlubokou mozkovou

stimulaci.

1.1.5.3 Rehabilitace

Nedilnou soucasti l1éCebné péfe o pacienta s PN jsou reZzimova opatfeni,
rehabilitace, cvi¢eni a pohybova reedukace, jejichz cilem je aktivni potlacovani téch
priznaku, které mohou byt pfekonany, pravy rezimu a tvorba nahradnich stereotypa.

LéCebna rehabilitace plsobi pak nejen na udrovni motoriky, ale také psychiky
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pacienta. V souCasné dobé je preferovan komplexni pfistup Vv rehabilitanich
metodach. Zakladem je samoziejmé fyzioterapie, predevSim pak nacvik chuze,
dechova cviceni, nacviky k prfekonani freezingu a v posledni dobé je predevsim
v severni Americe vyuzivano hojné i technik jogy ¢i tai-chi. Nicméné u pacienttd s PN
ma v rehabilitaci nezastupitelné misto i rehabilitace FeCi a polykani, muzikoterapie,

balneoterapie, a také ergoterapie.
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1.2 Uvod do analyzy plazmatické hladiny homocystei  nu

Homocystein (HCY) je rizikovy faktor vzniku vaskularnich onemocnéni,
kognitivnich poruch a demence. Komorbidita cerebrovaskularnich chorob a kognitivni
dysfunkce maji negativni vliv na prognézu PN, a proto je nutno rizika jejich vzniku
minimalizovat. Jednou z metabolickych cest vzniku HCY v organismu je periferni
metabolismus L-DOPA pfes enzym katechol-O-methyltransferazu (COMT). Néktera
sledovani potvrdily zvySenou hladinu HCY v plazmé u pacientll s PN dlouhodobé
léCenych preparaty s L-DOPA. DalSi prace se zvifecimi modely ukazuji, Ze soucasné
podavani inhibitord COMT muiZe tuto exogenné podavanou L-DOPA indukovanou
hyperhomocysteinémii (HHCY) eliminovat. Byly publikovany i retrospektivni studie,
pficemz nékteré tento fakt potvrdily a jiné nikoli.

HCY je meziproduktem v metabolismu esencialni aminokyseliny s obsahem
siry — methioninu. Odbouravani HCY je zprostfedkovano pfedevSim dvémi riznymi
déji — zpétnou remetylaci na methionin nebo transsulfuraci na cystein. Pfi prvnim
zplsobu je klicovym enzymem celého metabolického pochodu
metylentetrahydroxyfolatreduktaza (MTHFR) a jako kofaktor se zde spolupodili
kyselina listovd a vitamin B12. Pfi druhé cesté je kofaktorem vitamin B6.
Z uvedeného vyplyva, ze zvySeni hladiny HCY muze byt zpasobeno bud zvySenym
pfijmem HCY do organismu, coZ je pfipad pacientd s PN Ié€enych L-DOPA, nebo
jeho snizenym odbouravanim, které muze byt zpusobeno nedostate¢nou aktivitou
enzymu remetylace a transsulfurace anebo nedostatkem kofaktori — folatu a
vitamin( B12 a B6. Podrobné;jSi schéma metabolismu homocysteinu je uvedeno na
obr.1.2. Dle platnych norem se za fyziologické hodnoty hladiny HCY povazuje jeho
plazmaticka koncentrace do 15 pmol/l, ale nékteré studie prokazaly, Ze i nizSi hladiny
HCY jsou spjaty se zvySenym rizikem vaskularniho postizeni a doporucuji za horni
hranici normy pokladat hladinu 12 pmol/l.
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Obr 1.2 Metabolismus homocysteinu. SAM — S-adenosylmethionin; SAH — S-
adenosyl-homocystein; EnK — endogenni komponenty (DNA, RNA, fosfolipidy,
myelin, katecholaminy, steroidy ...); ExK — exogenni komponenty (Iéky,
fytochemikalie, toxiny ...); COMT — katechol-O-methyltransferaza; THF —
tetrahydrofolat; MTHFR — metylentetrahydrofolatreduktaza.

Proteiny z potravy

v
Metionin » SAM
4 Enk + ExK

THF

metylén-THF

@ metyl-THF

metioninsyntetaza
(+vitamin By,)

metyl-transferazy
vratane COMT

v metylované metabolity

tystationin-p-syntetaza
(+ vitamin Bg)

Cystein

Prevzato z Valkovi¢ P, Blazi¢ek P, Benetin J, Kukumberg P. Homocystein, levodopa a Parkinsonova
choroba. Ces. a Slov. Neurol. Neurochir. 69/102, 2006; 3:183-188

v

PFic¢iny HHCY mohou byt budto vrozené nebo ziskané. NejCastéjSi genetickou
abnormitou je pravé postiZzeni genu pro jiz zminény enzym MTHFR. V homozygotni
formé se tato mutace vyskytuje asi u 10-12% kavkazské populace. Ostatni genetické
abnormity jsou spiSe raritni. Ziskané pfi€¢iny HHCY jsou pfedevsim karencni deficit
kofaktor(l (folatu a vitaminu B12), dale hypotyre6za, chronické selhani ledvin nebo

dlouhodoby vliv nékterych 1éka.
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1.2.1 Uloha plazmatické hladiny homocysteinu v etio  patogenezi

vaskularnich onemocn éni a demence

Vliv zvySené plazmatické hladiny homocysteinu pfi rozvoji vaskularnich
onemocnéni srdce i mozku a také na vznik demence byl popsan a pozorovan
v nékolika velkych epidemiologickych studiich. Na zakladé metaanalyzy nékolika
velkych  prospektivnich  studii  bylo dokonce popsano zvySeni rizika
kardiovaskularnich onemocnéni pfi zvySeni hladiny HCY o 5umol/l az o 60% u muzd
a dokonce o 80% u Zen. Podobné na zakladé 8-letého sledovani vice jak tisice
pacientd tzv. Framinghamského registru bylo popsano zvySeni rizika vzniku
Alzheimerovy nemoci o 40% pfi kazdém navySeni plazmatické hladiny HCY o
5umol/l. Nicméné pfesné patogenetické mechanismy HCY na vzniku trombozy &i na
neurotoxicité nebyly detailné objasnény.

PozdéjSi prace prokazaly i vyraznéjSi zmeény pfi vySetfeni magnetickou
rezonanci mozku (méfeni objemu, porovnéni atrofie mozku, postizeni bilé hmoty) u
starSich pacientt se zvySenou hladinou HCY v plazmé. V nékterych studich byla tato
korelace potvrzena i pfi méfeni hladiny HCY v mozkomisnim moku.

Je zvaZzovan kombinovany efekt nékolika faktord. HCY svym pulsobenim
patrné aktivuje tzv. ,endothelial cell issue factor* a dale svym plasobenim stimuluje
trombocyty k tvorbé tromboxanu A2 a inaktivuje protein C, coz vede ke zvySenému
procesu trombdzy.

Na procesu ateroskler6zy se pak HCY podili jednak svoji pfimou endotelialni
cytotoxicitou, kdy inhibuje syntézu DNA bunék endotelu a dale zplsobuje poruchu
uvolnovani oxidu dusnatého z endotelu a tim vede k porusSe vazodilatace. Dale HCY
zfejmé prispiva k tvorbé volnych radikald a indukuje mitogenezi bunék hladké
svaloviny cév a vede k hyperplazii intimy.

Cévni zmény navozené ucinkem elevované plazmatické hladiny HCY patrné
vedou i ke vzniku demence. Nicméné jsou zvazovany i dalSi mozné faktory
hyperhomocysteinémie, vedouci k neurodegenerativnim zménam. Pfedevsim pak se
predpoklada, ze HCY potencuje neurotoxicitu amyloidu B a nejspiSe i pfimo aktivuje

NMDA receptory a potencuje tak glutaméatovou excytotoxicitu.
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1.2.2 Uloha plazmatické hladiny homocysteinu v eti  opatogenezi periferni

neuropatie

VySe uvedené zvazované mechanismy zvySené plazmatické koncentrace
HCY, které vedou k vaskularnimu postizeni a procesu apopotoézy a neurodegenerace
na urovni CNS, by patrné mohly vést i k postizeni nervovych bunék v oblasti
perifernich nervi. HCY a také S-adenosyl-methionin (derivat pfi metabolismu L-
DOPA na HCY) indukuji zvySenou syntézu nervového rlstového faktoru (nerve
growth factor), coz vede k poSkozeni neuronu. Tuto teorii potvrzuje Millerova prace
z roku 2004, kdy hodnoceni hladiny HCY u pacientd s PN a u zdravych kontrol, dale
elektromyografické vySetfeni vedeni nervus suralis oboustranné a vySetfeni
percepcniho Citi prokazalo signifikantné vétsi axonalni postizeni senzitivniho nervu

ve skupiné pacientll s PN se zvySenou hladinou HCY.

1.2.3 Analyza homocysteinu v krevni plazm &

VySetfeni koncentrace celkového homocysteinu (HCY) v krvi (plazmé ¢i séru)
je citlivy ukazatel deficitu folatu (vitamin B8) a kobalaminu (vitamin B12). HCY je
nezavisly rizikovy faktor aterosklerézy, kardiovaskularnich i cerebrovaskularnich
onemocnéni a nejspiSe i kognitivnich poruch a demence. Stanoveni hladiny HCY
v krevni je plazmé je dostupnym vySetfenim jiz od pocatku 80. let 20.stoleti, ale az
s pfichodem imunoanalyzy v poloviné 90. let se dostalo z pole vyzkumného do rutinni
praxe.

HCY je v plazmé& pomérné nestabilni, nicméné problémy stim spojené pfi
biochemické analyze byly jiz pfekonany. Ke stanoveni hladiny HCY se pouzivaji
chromatografické nebo enzymatické metody. Tradiéné je doporuceno stanoveni
hladiny HCY vplazmé, protoZze pouziti antikoagulancii umozfiuje okamzité
zpracovani vzorku. Sérum ma nizsi analyticky vynos nez krevni plazma.

BéZzny pfijem potravin neovliviiuje u zdravych lidi koncentraci HCY. Nicméné
nadmérny prijem potravin bohaté na proteiny miaze po 6-8hodinach jeho koncentraci
zvySit 0 10-15%. Proto je optimalni odbér krve rano &i dopoledne po 12 hodinovém

lacnéni. Vzorky krve nabirané vleZze maji koncentraci o cca 10% nizSi nez vsedé,

proto je doporuceno provadét odbér v polosedé.
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HCY je uvolfiovan z erytrocyt. FaleSnému zvySeni plazmatické hladiny HCY
Ize tedy predejit okamzitou centrifugaci odebrané krve a oddélenim krevnich bunék
nebo udrZzenim vzorku v chladu, dokud nebude zcentrifugovan. PouzZivanim
separacnich gelu se také predejde zvySovani koncentrace HCY. Jako optimalni je
tedy vétSinou biochemickych laboratofi doporu€¢ovano stanoveni z EDTA plazmy, po
nabéru vzorku jej ihned umistit do chladné vodni lazné o teploté 4C a do 60 minut
zpracovat centrifugaci.

Spousta biologickych faktor(, jako genetické vlivy, Zivotni styl, rizné nemoci a
léky, ovliviiuji hladinu HCY. NejbéznéjSi genetickou abnormalitou, ktera je spojena se
zvySenou koncentraci HCY je polymorfismus pro MTHFR 677C-T. Jedinci
s genotypem MTHFR 677TT maji obvykle o 2umol/l vySSi hladiny HCY neZ jedinci
s polymorfismem MTHFR 677CC. VétSina jinych genetickych polymorfisma u
kavkazské populace nema vyraznéjSi vliv na koncentraci HCY v krevni plazmé.
Koncentrace HCY se méni i béhem Zivota, od détstvi do stafi roste jeho hodnota az
dvojnasobné. Muzi maji vySSi koncentraci HCY nez Zeny, ale s vékem se tento rozdil
snizuje na nevyznamny. Koncentrace HCY je také niZzSi béhem téhotenstvi, zfejmé
vlivem hemodiluce. VysSi hodnoty HCY v krevni plazmé jsou dale zjiStovany u osob
s poruchou rendlnich funkci a zvySenou hladinou kreatininu. Koncentrace HCY je

rizndé i u riznych etnickych skupin.
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2. Plazmaticka hladina homocysteinu a idiopaticka Parkinsonova nemoc

2.1 Ovlivn éni plazmatické hladiny homocysteinu u pacient G s Parkinsonovou

chorobou terapii L-DOPA a entacaponem.

Nevrly M, Kanovsky P, Vranova H, Nestrasil I, Langova K. Ovlivnéni plazmatické
hladiny homocysteinu u pacientt s Parkinsonovou chorobou terapii L-DOPA a
entacaponem. Cesk Slov Neurol N 2008;71/104 IF 0,319

Souhrn:

Uvod: Homocystein (HCY) je rizikovy faktor vaskularnich onemocnéni, kognitivnich
poruch a demence. Jednou z metabolickych cest vzniku HCY v organismu je
periferni metabolismus L-DOPA pfes enzym katechol-O-methyltransferazu (COMT).
Neékteré retrospektivni studie potvrdily zvySenou hladinu HCY v plazmé u pacientd
s Parkinsonovou chorobou dlouhodobé lé¢enych preparaty s L-DOPA. Cilem studie
bylo posoudit souvislost mezi pravidelnou terapii L-DOPA a hladinou HCY v plazmé
a jeji ovlivnéni souc¢asnym podavanim inhibitoru COMT (entacapon).

Metodika: Pacienty jsme rozdélili do 3 skupin: 1. - pacienti dlouhodobé v terapii L-
DOPA, kterym byl pfidan entacapone (30 pacient ve véku 50-82 let, primér 68,5 +
8,5); 2. - pacienti L-DOPA naivni, u nichz byla zahajena terapie L-DOPA v kombinaci
s entacapone (10 pacientl ve véku 56-74 let, pramér 67,7 + 6,6); 3. — kontrolni
skupina pacientt, ktefi netrpi neurodegenerativnim onemocnénim a neni jim
podavana terapie L-DOPA ani entacapone (21 pacientd ve véku 38-78 let, primér
51,7 £11,1).

Vysledky: V 1.skupiné byla pramérna hladina HCY v plazmé 17,6 + 6,6 (9,2 - 44,4)
pmol/l a 8 tydnd po pfidani entacapone 16,4 + 5,5 (7,4 - 31,1) umol/l. Ve 2.skupiné
byla zjisténa hladina HCY 14,6 + 4,7 (8,9 - 22,1) umol/l a 8.tyden soucasné terapie L-
DOPA a entacapone 15,1 + 7,3 (8,1 - 31,1) umol/l. U 3. kontrolni byla primérna
hladina HCY v plazmé 9.7 £ 2,8 (6,6 - 16,5) umol/l.

Diskuze: Vysledky studie potvrzuji, Ze pacienti dlouhodobé |éCeni preparaty s L-
DOPA maji zvySenou plazmatickou hladinu HCY, ale nepotvrzuji hypotézu, zZe
soucasné podavani terapie entacapone k L-DOPA tuto hladinu vyznamné snizuiji.
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PUVODNI PRACE

Ovlivnéni plazmatické hladiny homocysteinu
u pacientu s Parkinsonovou chorobou

terapii L-DOPA a entacaponem

The Impact of L-DOPA and Entacapon Therapy on Plasma Level
of Homocysteine in Parkinson’s Disease Patients

Souhrn

Uvod: Homocystein (HCY) je rizikovy faktor vaskularmnich onemocnéni, kognitivnich poruch a de-
mence. Jednou z metabolickych cest vzniku HCY v organizmu je periferni metabolizmus L-DOPA
pres enzym katechol-O-metyltransferazu (COMT). Nékteré retrospektivni studie potvrdily zvyse-
nou hladinu HCY v plazmé u pacientl s Parkinsonovou chorobou dlouhodobé 1é¢enych prepa-
raty s L-DOPA. Cilem studie bylo posoudit souvislost mezi pravidelnou terapii L-DOPA a hladinou
HCY v plazmé a jeji ovlivnéni soucasnym podavanim inhibitoru COMT (entacapone). Metodika:
Pacienty jsme rozdélili do 3 skupin: 1. pacienti dlouhodobé v terapii L-DOPA, kterym byl pfidan
entacapone (30 pacientl ve véku 50-82 let, primér 68,5 + 8,5); 2. pacienti L-DOPA naivni,
u nichz byla zahdjena terapie L-DOPA v kombinaci s entacapone (10 pacientd ve véku 56-74 let,
pramér 67,7 + 6,6); 3. kontrolni skupina pacientt, ktefi netrpi neurodegenerativnim onemoc-
nénim a neni jim podavana terapie L-DOPA ani entacapone (21 pacientt ve véku 38-78 let, pra-
mér 51,7 £ 11,1). Vysledky: V 1.skupiné byla priméma hladina HCY v plazmé 17,6 +
+ 6,6 (9,2-44,4) uymol/l a 8 tydn( po pridani entacapone 16,4 + 5,5 (7,4-31,1) umol/l. Ve 2. sku-
piné byla zjisténa hladina HCY 14,6 + 4,7 (8,9-22,1) umol/l a 8. tyden soucasné terapie L-DOPA
aentacapone 15,1 + 7,3 (8,1-31,1) umol/l. U 3. kontrolni byla primérna hladina HCY v plazmé
9.7 £ 2,8 (6,6-16,5) umol/l. Diskuse: Vysledky studie potvrzuji, ze pacienti dlouhodobé léceni
preparaty s L-DOPA maji zvysenou plazmatickou hladinu HCY, ale nepotvrzuji hypotézu, Ze sou-
¢asné podavani terapie entacapone k L-DOPA tuto hladinu vyznamné snizuji.

Abstract

Introduction: Homocysteine (HCY) is a risk factor for vascular diseases, cognitive impairment
and dementia. Peripheral metabolism of L-DOPA via enzyme catechol-O-methyltransferase
(COMT) is one of the possible sources of HCY. Some retrospective studies showed increased
plasma HCY concentrations in patients suffering from Parkinson’s disease (PD) and long-term
treatment with L-DOPA. The aim of the study was to assess association between regular L-DOPA
treatment and plasma HCY levels in Parkinson’s disease patients and the impact of additional
treatment by the COMT inhibitor (entacapone). Methods: Patients were divided into 3 groups:
1 — patients who received long-term treatment with L-DOPA with added entacapone (30 pa-
tients, aged 50-82 years, mean 68,5 + 8,5); 2 — L-DOPA naive patients newly treated with
L-DOPA and entacapone (10 patients, aged 56-74 years, mean 67,7 + 6,6); 3 — control group
of subjects without any neurodegenerative disease who were not treated with L-DOPA and
entacapone (21 patients, aged 38-78 years, mean 51,7 + 11,1). Results: In Group 1 the mean
plasma HCY concentration was 17,6 + 6,6 (9,2-44,4) umol/l and 8 weeks after adding enta-
capone it reached 16,4 + 5,5 (7,4-31,1) umol/l. In Group 2 the mean plasma HCY level was
14,6 4,7 (8,9-22,1) umol/l and 8 weeks after combined therapy of L-DOPA and entacapone
it reached 15,1 + 7,3 (8,1-31,1) umol/l. In control group the mean plasma HCY level was 9,7 +
+ 2,8 (6,6-16,5) umol/l. Discussion: Results of this study confirm, that patients with long-term
treatment with L-DOPA have increased plasma HCY concentrations. The combined treatment
with L-DOPA and entacapone, however, do not significantly decrease HCY plasma levels.
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OVLIVNENI PLAZMATICKE HLADINY HOMOCYSTEINU U PACIENTU S PARKINSONOVOU CHOROBOU

Uvod

Homocystein (HCY) je rizikovy faktor vzniku
vaskularnich onemocnéni, kognitivnich po-
ruch a demence. Komorbidita cerebro-
vaskuldrnich choroba a kognitivni dys-
funkce maji negativni vliv na prognézu Par-
kinsonovy nemoci (PN), a proto je nutno
rizika jejich vzniku minimalizovat [1-5].
Jednou z metabolickych cest vzniku HCY
v organizmu je periferni metabolizmus
L-DOPA pres enzym katechol-O-metyl-
transferazu (COMT). Néktera sledovani
potvrdila zvysenou hladinu HCY v plazmé
u pacienttd s PN dlouhodobé lécenych
preparaty s L-DOPA [6-12]. Dalsi prace
se zvifecimi modely ukazuiji, Ze sou¢asné
podavani inhibitor COMT muZze tuto
exogenné podavanou L-DOPA hyperho-
mocysteinemii (HHCY) eliminovat. Byly pub-
likovény i retrospektivni studie, pficemz
nékteré tento fakt potvrdily [11,13], a jiné
nikoli [14].

HCY je meziproduktem v metabolizmu
esencidlni aminokyseliny s obsahem siry
—methioninu. Odbourdvani HCY je zpro-
stfredkovéno predevsim dvéma rlznymi
déji — zpétnou remetylaci na methionin
nebo transsulfuraci na cystein [15,16]. Pfi
prvnim zpUsobu je klicovym enzymem ce-
lého metabolického pochodu metylente-
trahydroxyfolatreduktaza (MTHFR) a jako
kofaktor se zde spolupodili kyselina listova
a vitamin B,,. Pi druhé cesté je kofakto-
rem vitamin Bg. Z uvedeného vyplyva, ze
zvyseni hladiny HCY mUze byt zptsobeno
bud’ zvysenym piijmem HCY do orga-
nizmu, coz je pfipad pacientd s PN |éce-
nych L-DOPA, nebo jeho snizenym od-
bourdvanim, které mize byt zplsobeno
nedostatecnou aktivitou enzymt reme-
tylace a transsulfurace anebo nedostat-
kem kofaktord — foldtu a vitaminG B,
a Bg. Dle platnych norem se za fyziologické
hodnoty hladiny HCY povazuje jeho plaz-
maticka koncentrace do 15 ymol/l [17],
ale nékteré studie prokazaly, ze i nizsi
hladiny HCY jsou spjaty se zvySenym rizi-
kem vaskuldrniho postizeni a doporucuiji
za horni hranici normy pokladat hladinu
12 pmol/l [18-23].

Priciny HHCY mohou byt budto vrozené
nebo ziskané. Nejcastési genetickou ab-
normitou je pravé postizeni genu pro jiz
zminény enzym MTHFR. V homozygotni

formé se tato mutace vyskytuje asi u 10 az
12 % populace [24]. Ostatni genetické
abnormity jsou spide raritni. Ziskané pficiny
HHCY jsou predevsim karencni deficit ko-
faktor(i (foldtu a vitaminu B,,), dale hy-
potyredza, chronické selhdni ledvin nebo
dlouhodoby vliv nékterych lékd [16].

Poprvé na konci 60. let McCully publi-
koval kazuistiku 2 déti s HHCY a ex-
trémné tézkym aterosklerotickym postize-
nim [25]. Nasledné velké studie prokazaly
pficinnou souvislost mezi HHCY a atero-
sklerézou cév, arteridlni i zilni trombdzou
[18,20,21,26], ale i demenci a Alzheime-
rovou chorobou [4,27,28] a postizenim
perifernich nervl [29]. Nicméné presnou
patogenezi téchto déju dosud nezndme
[30].

Poprvé pozorovali v roce 1995 Allain et
al vys3i hladinu HCY u pacientt s PN ve
srovnani se stejnou populaci zdravych
osob [31]. V tu dobu nejen on predpo-
kladal pfimou souvislost mezi HHCY a PN
[32]. Az pozdéji studie Mdllera et al tuto
hypotézu vyvratila, kdyz pfi srovnani sku-
pin pacientd s PN byla signifikantné vy3si
hladina HCY zjisténa ve skupiné dlouho-
dobé lécenych pacientl L-DOPA oproti
skupiné L-DOPA-naivnich pacientti [8].
To bylo nasledné potvrzeno i v daldich
publikacich [6,9-13,33-36]. Cilem naseho
sledovéni bylo zjistit, zda takto zvysena
hladina HCY u pacientl trpicich PN ma-
Ze byt zménéna podavanim inhibitoru
COMT (entacapon), a to jak u pacientd
dlouhodobé lécenych L-DOPA, tak i u pa-
cientd L-DOPA-naivnich.

Pacienti a metodika

Vsichni pacienti zafazeni do studie splfuji
kritéria United Kingdom Parkinson'’s Di-
sease Society Brain Bank (UK-PDBB) pro
diagnézu idiopatické PN [37] byli rozdé-
leni do dvou skupin. Skupina 1 byla tvo-
fena 30 pacienty (18 muzi a 12 Zzenami)
dlouhodobé lé¢enymi L-DOPA (nejméné
po dobu jednoho roku a davkou alespor
400mg/den), pramérny vék byl 68,5 ro-
ku (SD + 8,5), prmeérny vek vyskytu prv-
nich pfiznakd onemocnéni byl 61, 0 roku
(SD £ 9,3), primérna doba trvani one-
mocnéni byla 7,5 roku (SD = 4,2), pri-
mérna denni davka L-DOPA byla 560,8 mg
(SD + 208,6), primérna doba trvani lécby

L-DOPA byla 6,1 roku (SD + 3,8) a pru-
mérnd denni dévka entacapone byla
883,3 mg (SD + 144,0). U viech pacientl
byl na zac¢étku sledovani k L-DOPA pfida-
van entacapone, a to tak, Ze ke kazdé jed-
notlivé davce L-DOPA byla pfidana davka
200 mg entacapone. Skupina 2 byla
tvofena 10 pacienty (5 muzi a 5 Zenami),
L-DOPA-naivnimi. Primérny vék byl
67,7 roku (SD % 6,6), pramérny vék vy-
skytu prvnich priznakd PN byl 65,1 roku
(SD £ 7,8), primérna doba trvani nemoci
byla 2,7 roku (SD = 1,8). Tito pacienti ne-
byli dosud léc¢eni dopaminergni terapii,
2 pacienti uzivali biperiden v celkové dennf
dévce 4 mg, 3 pacienti uzivali amantadin
v denni dévce 300 mg a 2 pacienti uzivali
selegilin v denni davce 5 mg. U viech pa-
cientll byla na zac¢atku sledovani zahajena
terapie pomoci L-DOPA s entacapone,
pficemz L-DOPA byla titrovana do celko-
vé denni davky dostatecné k efektivnimu
ovlivnéni  parkinsonské symptomatolo-
gie. Nakonec byla primérna denni davka
L-DOPA 390,0 mg (SD = 31,6). VSichni
pacienti ve skupiné 2 uzivali stejnou cel-
kovou denni davku entacapone ve vysi
800 mg.

Kontrolni skupina (skupina 3) byla tvo-
fena 21 subjekty (12 muzi a 9 Zzenami),
préimérny vék byl 51,7 roku (SD + 11,1).
Z&adny ze subjektd netrpgl PN ani jinym
neurodegenerativnim onemocnénim,
Zadny ze subjektl také neuzival preparaty
s L-DOPA nebo entacapone (tab. 1).

Vsichni pacienti byli podrobeni na za-
¢atku studie laboratornimu vysetreni plaz-
matické hladiny HCY, hladiny vitaminu B,
a kyseliny listové. Jako referencni hranice
normy hladiny vitaminu B,, v séru jsme
pouzili normy nasi laboratofe 193-982 ng/l
a hranice normy pro hladinu folatu v sé-
ru 3-17,5 pg/l. Odbér krve k vySetfeni
hladiny HCY v plazmé byl u viech pa-
cientl proveden rano nalacno v polosedé
za pouziti antikoagulancii (EDTA), zku-
mavka byla ihned uloZzena do chladné
|azné (4 °C) a zpracovan centrifugaci nej-
pozdéji do 4 hodin po provedeni odbéru
[38]. U vsech pacientt bylo provedeno
zhodnoceni pomoci Unifikované hodno-
tici Skély Parkinsonovy choroby (UPDRS).
Tato vysetfeni byla déle u prvnich 2 sku-
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Tab. 1. Demografické udaje.
vék vék prvnich  trvani PN denni davka  délka lé¢by  denni davka
(roky) priznaka PN (roky) L-DOPA (mg) L-DOPA entacaponu
(roky) (roky) (mg)
skupina 1 (30 pacientt) 68,5+8,5 61,0+9,3 7.5 2 560,8 + 208,6 6,1+38 883,3 + 144,0
skupina 2 (10 pacientt) 67,7 + 6,6 65,1+7,8 2,7+18 390,0 + 31,6 0 800
kontrolni skupina (21 pacientd) 51,7+ 11,1 - - -
PN — Parkinsonova nemoc
Tab. 2. Vysledky v jednotlivych tydnech sledovani.
sérova hladina HCY (umol/l) UPDRS
tyden: tyden:

0. 1. 4. 8. 0. 1. 4. 8.
skupina 1 176+66 158+54 165+6,2 164+55 51,1+174 428+156 425+164 43,3+159
(30 pacientt)
skupina 2 146+4,7 135+35 138+54 15173 352+20,1 266=+21,6 251+22,1 219x17,0
(10 pacientt)
kontrolni skupina 97+28 - - - 0 - - -

(21 pacientd)
* 351
407
30 °
301 25 1
00‘
S T g 207
£ 20+ T L
AT 15 T
101 AL s 107 1
. - L
5 4
1 2 kontroly 2 kontroly
skupina skupina
Hcy_0 — sérova hladina homocysteinu v tydnu O (umol/l) Hcy_8 — sérova hladina homocysteinu v 8. tydnu soucasné
terapie L-DOPA a entacapone (umol/l)

Graf 1.

pin pacientd provéadénav 1., 4. a 8. tydnu
sledovani (po pridani entacapone k L-DOPA,
resp. po zahajenf terapie L-DOPA a enta-
capone). U vech pacientl bylo dale pro-
vedeno genetické vysetfeni pro polymor-
fizmus MTHFR 677C>T, coz je nejbéznéjsi
determinantou spojenou se zvysenim plaz-
matické koncentrace Hey.

Graf 2.

Po celou dobu sledovani nebyly pacien-
tm podavany preparaty s vitaminy sku-
piny B ani kyselina listovd, které by rov-
néz mohly vést k ovlivnéni hladiny HCY.

Udaje ziskané béhem sledovani byly
zanaseny do elektronické databaze a na-
konec statisticky zpracovany za pomoci
systému StatSoft. Ke statistickému zhod-

nocenf byly pouzity ANOVA spolu s Krus-
kalovou-Wallisovou analyzou, linedrni re-
gresni analyza a dvouvybérovy t-test.

Vysledky

Vysledky sledovani jsou obsazeny v tab. 2
av grafech 1-5. U zadného pacienta ne-
byl zjistén deficit vitaminu B,, ani folatu
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v séru a stejné tak u zadného pacienta
v nasem sledovani nebyla zjisténa abnor-
mita genu pro enzym MTHFR (tedy ostatni
vlivy kromé inhibice COMT, které by mohly
po dobu sledovani u pacientl ovlivnit
plazmatickou hladinu HCY, byly elimino-
vany). Testy mnohondsobného porovnani
byla pfi vstupnim (baseline) vysetieni pro-
kazana signifikantné vy33i hladina HCY
u 1. skupiny pacientd dlouhodobé léce-
nych L-DOPA pfi srovnani s kontrolni
skupinou (p < 0,0001). Signifikantné vyssi
mnozstvi HCY v plazmé bylo patrno i pfi
srovndni 2. pacientské skupiny s kontrolni
skupinou (p = 0,026, graf 1). Prakticky
stejné rozdily byly zjistény i po 4 a 8 tyd-
nech terapie za pouZiti L-DOPA a entaca-
ponu (graf 2). Po 8 tydnech po zahéjeni
|é¢by za pouziti L-DOPA a entacapone pfi
pouziti linearni regresni analyzy nebyla zjis-
téna zadna statisticky signifikantni zména
v hodnotéch plazmatickych hladin HCY
ani u jedné ze dvou skupin pacientt s PN
(graf 3 a 4). Nebyla rovnéz nalezena zadna
korelace mezi hodnotami UPDRS a plaz-
matickou hladinou HCY.

Pfi vzajemném statistickém porovnani
vsech skupin nebyly zjistény statisticky sig-
nifikantni rozdily ve vékovém slozZeni sku-
pin 1 a 2. Kontrolni skupina ale byla ve

Graf 4.

srovnani s obéma pacientskymi skupina-
mi signifikantné mladsi. PFi dalsim porov-
nani skupin 1 a 2 byl zjistén statisticky sig-
nifikantni rozdil v délce trvani onemoc-
néni, ktery je ale logicky dén jiz primarnim
rozdélenim a definici obou skupin.

Diskuse

Je zndmo, Ze HHCY zpulsobuje urychleni
procesu aterosklerotického postizeni cév,
déle neurodegeneraci a demenci. Je rov-
néz zndmo, ze cerebrovaskularni onemoc-
néni a kognitivni deficit maji nepfiznivy
vliv na progndzu u pacientt s PN. Nicméné
zatim nejsou dikazy zvysené incidence
vaskularni komorbidity u pacientd s PN [1].
Stejné tak je jednoznacné, Ze L-DOPA je
revolu¢nim lékem v terapii PN a jeji zave-
deni vyrazné zlepsilo kvalitu a délku zivota
pacientt s PN. Podobné jednoznacné je
zndmo, Ze lécba entacapone vyznamné
zlepsuije klinicky stav pacientt s prakticky
minimalnim rizikem nezadoucich Gcinka.
Recentni prace rovnéz diskutuji moznost,
Ze |é¢ba entacapone snizuje hladinu HCY
v plazmé [11,13,14].

Nékteré drivéjsi prace potvrdily u pa-
cientd v dlouhodobé terapii L-DOPA zvy-
Senou hladinu HCY v plazmé [6-12]. Hy-
potéza o jejim opétovném snizeni po pi-

dani inhibitoru COMT byla v nékterych
sledovanich potvrzena [11,13], v jinych ale
nikoli [14]. Vysledky naseho prospektiv-
niho sledovéni, podle kterych byly u viech
probandu vylouceny nejcastéjsi genetické
i nutri¢ni abnormity vedouci ke zkresleni
vysledku, v3ak vyse zminéné hypotézy
0 mozném snizeni L-DOPA indukované
HHCY pomoci podavéani entacapone ne-
potvrzuji. Jakkoliv je entacapone velmi
efektivni a bezpecny lék stfedné pokroci-
|ého stadia Parkinsonovy nemoci, jeho
dalsi pasobent (tj. kromé inhibice COMT)
je pfinejmensim sporné.

Nicméné vysledky plazmatickych hla-
din HCY u 2. skupiny (pacienti L-DOPA
naivni) ukazuji, ze pfi soucasném po-
davéani L-DOPA s entacapone nedochéazi
ani ke zvyseni plazmatické koncentrace
HCY ani po 8 tydnech terapie. Ackoli
vezmeme v potaz, ze v této skupiné je
pouze 10 pacientd a neni ke srovnani
skupina L-DOPA naivnich pacient( léce-
nych pouze L-DOPA bez entacapone, tak
tento fakt nds nuti uvazovat o mozné
protekci kombinované terapie L-DOPA
s entacapone jiz v pocatku onemocnéni
pred HHCY, a tim sniZeni rizik vzniku ce-
rebrovaskularniho postizeni a kognitivniho
deficitu.
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Z vyse uvedeného nicméné vyplyva, ze
monitoring plazmatické koncentrace HCY
je velmi vhodny pfi komplexni péci o pa-
cienta s PN. Terapeutické ovlivnéni HHCY,
dokonce i indukované podavanim L-DOPA,
je prokazatelné mozné predevsim suple-
mentaci vitaminu B;, a kyseliny listové
[39]. Podavani inhibitord COMT je jedno-
znacné opodstatnéné vzhledem k jejich
nespornému efektu na pozdni komplikace
dlouhodobé terapie L-DOPA [40]. Ovsem
piimé ovlivnéni hladiny HCY v plazmé po-
davanim inhibitoru COMT k L-DOPA ne-
lze patrné predpovidat ani vieobecné
ocekavat.
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s Parkinsonovou nemoci

Nevrly M, Kanovsky P, Vranova H, Langova K, Hlustik P. Effect of entacapone on
plasma homocysteine levels in Parkinson’s disease patiens. Neurol Sci (2010)
31:565-569 IF 1,120

Abstract:

Peripheral metabolism of L-DOPA via enzyme catechol-O-methyltransferase (COMT)
is one of the possible sources of homocysteine (HCY). The aim of this study was to
assess plasma HCY levels in L-DOPA-treated Parkinson’s disease (PD) patients and
its influence by adding the inhibitor COMT (entacapone). Patients were divided into
two groups: (1) patients long term treated with L-DOPA but were naive to
entacapone, (2) L-DOPA naive patients, in whom a combined treatment with L-DOPA
and entacapone was started. The HCY levels were higher in Group 1 than in Group
2. No statistically significant changes of HCY concentrations were found in both
patient groups after adding entacapone to their L-DOPA treatments. Results of this
study confirm that patients treated with L-DOPA for a long term have increased
plasma HCY concentrations. We believe combined L-DOPA and entacapone therapy
could be a possible protective mechanism against hyperhomocysteinemia in early
PD.
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Abstract Peripheral metabolism of L-DOPA via enzyme
catechol-O-methyltransferase (COMT) is one of the pos-
sible sources of homocysteine (HCY). The aim of this
study was to assess plasma HCY levels in L.-DOPA-treated
Parkinson’s disease (PD) patients and its influence by
adding the inhibitor COMT (entacapone). Patients were
divided into two groups: (1) patients long term treated with
L-DOPA but were naive to entacapone, (2) L-DOPA naive
patients, in whom a combined treatment with L-DOPA and
entacapone was started. The HCY levels were higher in
Group 1 than in Group 2. No statistically significant
changes of HCY concentrations were found in both patient
groups after adding entacapone to their L-DOPA treat-
ments. Results of this study confirm that patients treated
with L-DOPA for a long term have increased plasma HCY
concentrations. We believe combined L-DOPA and ent-
acapone therapy could be a possible protective mechanism
against hyperhomocysteinemia in early PD.
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Introduction

Elevated homocysteine (HCY) is a risk factor for vascular
diseases, cognitive impairment and dementia [1-5].
Vascular diseases and cognitive impairment worsen the
prognosis of Parkinson’s disease (PD) [1, 6-10] and it is
important to minimize the risk of their occurrence as much as
possible. Several retrospective studies have verified elevated
plasma HCY levels found in PD patients treated with levo-
dopa [11-17]. The mechanism underlying these high plasma
HCY levels is the O-methylation of levodopa. This reaction
is catalyzed by the enzyme catechol-O-methyltransferase
(COMT) and requires S-adenosylmethionine as the methyl
donor for the production of S-adenosylhomocysteine.
S-adenosylhomocysteine is then rapidly hydrolyzed to
HCY. Some animal studies show that the addition of COMT
inhibitors to levodopa can eliminate levodopa-induced
hyperhomocysteinemia (HHCY). Recent retrospective
studies confirmed this fact [16, 18], yet not all researchers are
in agreement [19].

HCY is an intermediate product of metabolism of an
essential sulfuric amino acid, methionine. Degradation of
HCY is mediated in particular by remethylation to
methionine or by transsulfuration to cysteine [20, 21]. The
key enzyme of the remethylation is methylentetrahydrof-
olate reductase (MTHFR) with the cofactors of folic acid
(folate) and vitamin Bj,. Pyridoxine (Bg) is a cofactor in
the transsulfuration of HCY. Intrinsically, increased levels
of plasma HCY should be caused by either a decrease in
HCY degradation or by an increased supply of HCY,
which is the case in levodopa-treated PD patients. The
commonly accepted upper limit of physiological plasma
HCY concentration is 15 pmol/l [22]. However, some
studies show that even lower plasma HCY concentrations
are linked with increased risk of vascular diseases and
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recommend 12 pmol/l as the upper limit of the normal
range [2, 3, 23-26].

The causes of HHCY are either congenital or acquired.
The most frequent genetic abnormity is mutation of the
allele encoding enzyme MTHFR. This mutation occurs in
homozygous form in 10-12% of the population [27].
Other genetic abnormities are rather rare. The acquired
reasons of HHCY are primarily the deficiency of cofactors
(folate and vitamin Bj,) followed by hypothyroidism,
chronic renal failure and long-term treatment with certain
medications [21].

Allain et al. [28] described that PD patients have
higher plasma HCY levels than in the same population of
healthy people. At that time, Allain as well as others
assumed a direct association between PD and HHCY [29].
This was accepted until 1999 when Miiller et al. [13]
rebutted this hypothesis. He has compared PD patients
having received long-term treatment with L-DOPA to
L-DOPA-naive patients and found higher plasma HCY
levels only in the group of patients treated with L-DOPA.
Since then, other researchers have confirmed these find-
ings [11, 14-18, 30-33].

The aim of the present study was to assess plasma HCY
levels in L-DOPA-treated PD patients and the effects of
adding the inhibitor COMT (entacapone).

Methods

All the subjects fulfilled the United Kingdom Parkinson’s
Disease Society Brain Bank (UK-PDBB) criteria for idio-
pathic PD [34] and were divided into two groups.

Group 1 consisted of 30 patients (18 male and 12
female) treated long term with L-DOPA (at least 1 year and
with daily dose at least 400 mg). The mean age was
68.5 years (SD =+ 8.5), mean age at presence of first
symptoms of PD was 61.0 years (SD £ 9.3), mean dura-
tion of disease was 7.5 years (SD % 4.2), mean daily dose
of L-DOPA was 560.8 mg (SD =+ 208.6), mean duration of
L-DOPA treatment was 6.1 years (SD =+ 3.8) and mean
daily dose of entacapone was 883.3 mg (SD =+ 144.0).
200 mg of entacapone was added to each dose of L-DOPA
in all subjects at the start of the study.

Group 2 consisted of 10 L-DOPA-naive patients (5 male
and 5 female). The mean age was 67.7 years (SD &+ 6.6),
mean age at presence of first symptoms of PD was
65.1 years (SD =+ 7.8) and mean duration of disease was
2.7 years (SD =+ 1.8). These patients had not been previ-
ously treated with dopaminergic therapy. Two patients
were treated with a total daily dose of 4 mg of biperiden,
three patients received a total daily dose of 300 mg of
amantadine and two patients were treated with a total daily
dose of 5 mg of selegiline. All subjects in Group 2 were
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treated from the start of study with L.-DOPA and entaca-
pone. The mean daily dose of L-DOPA was 390.0 mg
(SD = 31.6), which allowed for sufficient control of all PD
symptoms without the continuation of the subjects’ previ-
ous PD medications. All the patients in Group 2 were
treated with the same total daily dose of entacapone
800 mg (Table 1).

All subjects underwent a blood sample examination of
HCY plasma concentrations, vitamin B, and folate levels
at the start of the study. Plasma concentrations of vitamin
B> 193-982 ng/l and of folate 3—17.5 pg/l were consid-
ered physiological. Blood samples for determination of
plasmatic HCY levels were taken in all subjects in the
morning (fasting), in a reclined position, into test tubes
containing EDTA. The test tubes were immediately inser-
ted in a cold bath (4°C) and centrifuged within 4 h [35]. All
the patients were evaluated with the Unified Parkinson’s
Disease Rating Scale (UPDRS). Patients of Group 1 and 2
were also tested in the first, fourth and eighth week of
monitoring (after adding entacapone to L-DOPA in Group 1
and after start of combined L-DOPA and entacapone
treatment in Group 2). All the patients were also tested to
detect the genetic abnormity of the allele encoding
MTHEFR 677C — T.

No patients were treated with drugs containing B vita-
mins or folate for the duration of the study as these drugs
affect plasma HCY concentrations.

All data were statistically assessed by the StatSoft sys-
tem. The statistical analyses used were ANOVA, Kruskal—
Wallis analysis, linear regression analysis, multiple
comparison tests, Pearson correlation analysis and paired
two-sample ¢ test.

Results

The results are shown in Table 2 and in Figs. 1, 2, 3, 4. All
subjects had normal serum concentrations of vitamin B,
and folate. Allele-specific PCR did not confirm neither
heterozygous neither homozygous mutation of the allele
encoding MTHFR 677C — T. Hence, the most frequent
possible influences on plasma HCY levels, except COMT
inhibition, were eliminated. Multiple comparison tests at
the baseline visit verified significantly higher levels of
HCY in the patients treated long-term with L-DOPA
(Group 1) compared to Group 2 (p < 0.0001) (Fig. 1).
Similar results were also demonstrated after 4 and 8 weeks
of L-DOPA and entacapone treatment (Fig. 2). Linear
regression analysis at week 8 does not show any statisti-
cally significant changes in plasma HCY concentrations
either in Group 1 or in Group 2 (Figs. 3, 4). No correlation
was found between plasma HCY levels and the UPDRS
scores.
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Table 1 Demographics data

Age Age of first symptoms  Duration of  Daily dose of Duration of treatment  Daily dose of
(years) PD (years) PD (years) L-DOPA (mg) with L-DOPA (years) entacapone (mg)
Group 1 (30 patients) 685 +£85 61.0+ 93 7.5+42 560.8 + 2086 6.1 + 3.8 883.3 + 144.0
Group 2 (10 patients) 67.7 £ 6.6 651+ 7.8 27+ 18 390.0 + 31.6 0 800
PD Parkinson's disease
Table 2 Results
Plasma HCY concentration (umol/l) UPDRS I
week 0 week | week 4 week 8 week 0 week | week 4 week 8
Group 1 (30 patients) 17.6 £ 6.6 158 £54 16562 164+55 51.1+174 428+ 156 425+ 164 433 +159
Group 2 (10 patients) 146 £ 47 135+3.5 13.8+54 1514+73 352+£201 266+21.6 2514221 219=+17.0
40,0+ o o
30,01
25,01
30,04 © |
=]
| B 20,0
ol T U
U = T
=
20,0 T 15,0
10,0 1 _]_
10,04
= L 5,0
T T
1 2
:II. é Fig. 2 Hcy_8: plasma homocysteine level in week 8 (umol/l),

Fig. 1 Hcy_0: plasma homocysteine level in week 0 (pumol/l),
1: Group 1 (mean value 17.6 pmol/l £ SD 6.6 umol/l), 2: Group 2
(mean value 14.6 pmol/l £ SD 4.7 pmol/l)

Age of subjects did not differ between Groups 1 and 2.
Duration of PD was longer in the subjects within Group 1
than within Group 2, but this results from the definition and
classification of both groups.

Discussion
Some retrospective studies have shown increased plasma
HCY concentrations in patients suffering from PD and

treated long term with L-DOPA [11-17]. It is clear that
L-DOPA has a unique position in the treatment of PD and
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1: Group 1 (mean value 16.4 pmol/l £ SD 5.5 pmol/l), 2: Group 2
(mean value 15.1 pmol/l & SD 7.3 pumol/l)

markedly improves the quality of life of PD patients while
also extending their lives. Yet, it is known that HHCY
leads to acceleration of the process of atherosclerosis,
neurodegeneration and dementia. Cerebrovascular discases
and cognitive impairment worsen the prognosis of PD
patients; however, there is no evidence of higher incidence
of vascular diseases in PD patients [6]. Recent studies
discuss the potential use of entacapone to decrease plasma
HCY concentrations [16, 18, 19].

Some recent retrospective studies confirm the associa-
tion of increased plasma HCY concentrations in PD
patients who have received long-term treatment with
L-DOPA [16, 18] but others have not [19]. Results of the
present prospective study, which eliminated the most
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frequent genetic or nutritive abnormalities that could bias
the results, do not confirm this hypothesis. Entacapone is
certainly an effective and safe drug for treating patients in
advanced stages of PD but its effect on plasma HCY
concentration is contestable in the least.

On the other hand, results of plasma HCY concentra-
tions in Group 2, L.-DOPA-naive patients, show that con-
comitant L-DOPA and entacapone treatment for 8 weeks
did not lead to elevation of homocysteinemia. Although
this group consisted of only 10 patients and there was no
comparison group of subjects treated only with L-DOPA
without entacapone, this fact leads us to argue the possible
protective effect of combined L-DOPA and entacapone
therapy against HHCY in early Parkinson disease. This
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could also decrease the risk of cerebrovascular disease or
cognitive impairment in parkinsonian patients.

All these facts confirm that monitoring of plasma HCY
concentrations is useful in comprehensive care of PD
patients. Supplementation of vitamin B, and folate should
decrease HHCY, even if it is .-DOPA induced [36].
Treatment with COMT inhibitors is unambiguously sub-
stantiated with regard to its positive effect in advanced PD
[37]. However, a direct effect of COMT inhibition on
plasma HCY concentrations should probably not be
expected.
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Effect of levodopa and entacapone treatment on plasma homocysteine levels in

Parkinson’s disease patients

Homocysteine (HCY) is a risk factor for vascular diseases, cogni-
tive impairment and dementia. Vascular diseases and cognitive
impairment worsen the prognosis of Parkinson’s disease (PD) [1].
Risk of their occurrence is advisable to minimize. The mechanism
underlying elevated plasma HCY level is the O-methylation of
levodopa. This reaction is catalyzed by the enzyme catechol-O-
methyltransferase (COMT) and requires S-adenosylmethionine as
the methyl donor for the production of S-adenosylhomocysteine,
which is rapidly hydrolyzed to HCY. Elevated plasma HCY levels
were found in PD patients treated with levodopa [2]. Some animal
studies shows, that addition of COMT inhibitors to levodopa should
eliminate levodopa induced hyperhomocysteinemia (HHCY). Some
of recent retrospective studies confirmed this fact [2,3], but some of
them did not [4].

The aim of the present study was to assess plasma HCY levels in
1-DOPA-treated PD patients and the effects of adding the inhibitor
COMT (entacapone).

1. Methods

All the subjects fulfilling the United Kingdom Parkinson’s Disease Society Brain
Bank (UK-PDBB) criteria for idiopathic PD were divided into two groups.

Group 1 - patients long-term treated with .-DOPA (at least 1 year and with daily
dose of at least 400 mg). Total of 200 mg of entacapone was added to each dose of
L-DOPA in all subjects at the start of the study. Group 2 - .-DOPA naive patients.
These patients have not been previously treated with dopaminergic therapy. Two
patients were treated with biperiden with total daily dose of 4 mg, three patients
with amantadine with total daily dose of 300 mg and two patients with selegiline
with total daily dose of 5 mg. All subjects in Group 2 were treated from the start
of study with .-DOPA and entacapone. The daily dose of .-DOPA was sufficient for
good control of the symptoms of PD. Control group (CG) consisted of 21 subjects
(12 male and nine female). The subjects of CG did not suffer from PD or any
other neurodegenerative disease and were not treated with .-DOPA or entacapone
(Table 1).

All subjects underwent at the start of the study a blood sample examination of
HCY plasma concentrations, levels of vitamin B12 and folate. Blood samples for
determination of plasmatic HCY levels were taken from all subjects in the morning
(fasting), in a reclined position, into test tubes containing EDTA. The test tubes were
immediately inserted in a cold bath (4 °C) and centrifuged at latest 4 h after sample.
All the patients were examined by Unified Parkinson’s disease rating scale (UPDRS).
Patients of Group 1 and 2 were also tested in the 1st, 4th and 8th week of the moni-
toring (after adding entacapone to .-DOPA in Group 1 and after start of combined
1-DOPA and entacapone treatment in Group 2). All the patients were also tested to
detect the genetic abnormality of allele encoding MTHFR 677C—T [5].

All the patients were not treated with drugs containing B vitamins or folate for
the whole duration of the study because these drugs should also change plasma HCY
concentrations.

All data were statistically assessed by the StatSoft system. The statistical anal-
yses used ANOVA, Kruskal-Wallis analysis, linear regression analysis, multiple
comparison tests, Pearson correlation analysis and paired two-sample t-test. The

1353-8020/$ - see front matter © 2008 Elsevier Ltd. All rights reserved.
doi:10.1016/j.parkreldis.2008.10.005

protocol was approved by local Ethic Committee at University Hospital. All the
patients signed the informed consent.

2. Results

The results are shown in the Table 2. All subjects had normal
serum concentrations of vitamin B12 and folate. Plasma concentra-
tions of vitamin B12 193-982 ng/l and of folate 3-17.5 pg/l were
considered physiological. All subjects had normal genotype of
the allele encoding MTHFR. Hence, the most frequent possible
influences on plasma HCY levels, except COMT inhibition, were
eliminated. Multiple comparison tests at the baseline visit verified
significantly higher levels of HCY in the patients long-term treated
with 1-DOPA (Group 1) compared to both Group 2 and CG
(p<0.0001). HCY plasma levels were also higher in Group 2
compared to CG (p = 0.026). Similar results were also demonstrated
after four and eight weeks of .-DOPA and entacapone treatment.
Linear regression analysis at week 8 does not show any statistically
significant changes in plasma HCY concentrations either in Group 1
or in Group 2. No correlation was found between plasma HCY levels
and the UPDRS scores.

Age of subjects did not differ between Groups 1 and 2. The CG
subjects were significantly younger than subjects in Groups 1 and 2.

3. Discussion

It is known that HHCY leads to acceleration of the process of
atherosclerosis and also to neurodegeneration and dementia. It is
also known that cerebrovascular diseases and cognitive impair-
ment worsen the prognosis of PD patients. However, there is no
evidence of higher incidence of vascular diseases in PD patients.
It is clear that i-DOPA has a unique position in the treatment of
PD and markedly improves the quality of life of PD patients and
also extends their lives. Also it is known that entacapone signifi-
cantly improves clinical status of PD patients and carries only low
risk of adverse events. Recent studies discuss the potentiality of
entacapone to decrease plasma HCY concentration [2-4]. Some of
them confirmed it, but some of them did not.

Results of the present prospective study, which eliminated the
most frequent genetic or nutritive abnormalities that could bias
the results, do not confirm this hypothesis. Entacapone is certainly
an effective and safe drug for treating patients in advanced stages
of PD but its effect on plasma HCY concentration is contestable
at least.
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Table 1
Demographics data.

Group (male/female) Age (years) Age of first Duration of Daily dose of Duration of treatment Daily dose of
symptoms PD (years) 1-DOPA (mg) with L-DOPA (years) entacapone (mg)
PD (years)
Group 1 (18/12) 68.5+8.5 61.0+9.3 75+4.2 560.8 +208.6 6.1+38 883.3 +144.0
Group 2 (5/5) 67.7 £ 6.6 65.1+78 27+18 390.0 +31.6 0 800
Control Group (12/9) 51.7 £11.1 - - 0 - -
PD - Parkinson’s disease.
Table 2
Results.
Plasma HCY concentration (umol/l) week: UPDRS III week:
0 1 4 8 0 1 4 8
Group 1 (30 patients) 17.6 6.6 15.8+5.4 16.5+6.2 16.4+5.5 5114174 428+15.6 42.5+16.4 433+159
Group 2 (10 patients) 14.6 +4.7 13.5+35 13.8+54 151+73 35.2420.1 26.6+21.6 251+221 219+17.0
Control Group (21 patients) 9.7+28 - - - 0 - - -

On the other hand, results of plasma HCY concentrations in
Group 2, 1-DOPA naive patients, show that concomitant .-DOPA
and entacapone treatment for 8 weeks does not lead to elevation
of homocysteinemia. Although this group consists of only 10
patients and there is no comparison of group of subjects treated
only with .-DOPA without entacapone, this fact makes us argue
about possible protective effect of combined 1-DOPA and entaca-
pone therapy against HHCY in early Parkinson disease. This would
also decrease the risk of cerebrovascular disease or cognitive
impairment in parkinsonian patients. Higher plasma HCY concen-
tration in Group 2 than in CG is probably due to higher age of
subjects in Group 2. We could also contemplate the higher plasma
HCY concentration as a risk factor of PD. However, some previous
works did not confirm this hypothesis [6].

Nevertheless, all these facts should lead us to monitoring
plasma HCY concentrations, because it could be useful in compre-
hensive care of PD patients. Supplementation of vitamin B12 and
folate should decrease HHCY, even L-DOPA induced. However,
a direct effect of COMT inhibition on plasma HCY concentration
probably should not be expected.
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2.3 Vliv hyperhomocysteinémie na incidenci axonaln iho postizeni perifernich

nerv i u pacient G s idiopatickou Parkinsonovou nemoci

Nevrly M, Otruba P, Pfikrylova Vranova H, Grambalova Z, Langova K, Karnovsky P.
Hyperhomocysteinemia as a risk factor inducing axonal degeneration in peripheral

nerves in young parkinsonian patients.

Background and objective: Elevated plasma homocysteine (Hcy)
concentrations have been found in Parkinson's disease (PD) patients long-term
treated with L-dopa. The mechanism underlying elevated plasma Hcy level is the O-
methylation of L-dopa. Hcy is a risk factor for vascular diseases, cognitive impairment
and dementia (Seshadri et al., 2002). Vascular diseases and cognitive impairment
worsen the prognosis of PD (Levy et al., 2002). Hcy induces marked cell injury and
decreases nerve growth factor synthesis with its well-known trophic effects on
sensory neurons and on the dopaminergic clonal line of rat adrenal
pheochromocytoma cells that respond to nerve growth factor (Zhao et al., 2002). So,
hyperhomocysteinemia (HHcy) is considered a neurotoxic factor, inducing a
predominantly axonal degeneration in peripheral nerves (Muller et al., 2004). Aim of
this study was to correlate levels of Hcy and nerve conduction parameters in both

motor and sensory nerves of lower limbs in PD patients.

Methods: The assessment of sensory nerve conduction velocity (SNCV) and
sensory nerve action potentials (SNAP) of the right sural nerve and the left peroneal
superficial nerve, assessment of motor nerve conduction velocity (MNCV) and motor
nerve action potentials (MNAP) of the right tibial nerve and left peroneal nerve and
assessment of H-reflexes latency at the bilateral tibial nerves and needle
electromyography of left tibial anterior muscle were performed in 32 PD patients
(aged 29-80, mean 62.8 + 10.4 years). Hcy plasma levels were also examined in all
of these patients. All the patients did not suffer from diabetes mellitus, thyreotoxicosis
and there was no history of alcohol abuse. The PD patients were divided into 2
groups: Group 1 of patients more than 65 years old; Group 2 of patients younger

than 65 years. In each group were 16 patients.
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Results: Electromyographical markers of axonal peripheral polyneuropathy
(PNP) were found in 13 patients (40.6%). 10 patients (31.3%) had elevated plasma
Hcy level more than 15umol/l. 7 of them (70.0%) had also PNP.

Data were analyzed by independent samples test and there was found
statistically significant correlation between plasma Hcy concentrations and PNP

occurrence (Table 1, 2).

Table 1 (all PD patients):

PNP number of Plasma Hcy concentration (umol/l)
patients: | minimum | maximum | median mean SD
Yes 13 7.2 22.6 15.3 15.4 4.8
No 19 6.2 24.6 10.7 11.3 4.6
total 32 6.2 24.6 12.4 13.0 5.0
Table 2 (all PD patients):
Independent Samples Test
Levene's Test for
Equality of Variances t-test for Equality of Means
Mean Std. Error
F Sig. t df Sig. (2-tailed)| Difference | Difference
homocysteine 121 , 730 2,433 30 021 4,0919 1,6819

In Group 1 of parkinsonian patients older than 65 years had 8 patients (50.0%) PNP
and at 6 patients (37.5%) was found HHcy. 4 patients in Group 1 suffered both from
PNP and both from HHcy (Tables 3, 4).

Table 3 (Group 1 — PD patients >65 years):

PNP number of Plasma Hcy concentration (umol/l)
patients: | minimum | maximum | median mean SD
Yes 8 7.9 22.6 15.8 15.8 4.6
No 8 6.4 24.2 13.1 13.1 5.5
total 16 6.4 24.2 13.0 14.4 5.1
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Table 4 (Group 1 — PD patients >65 years):

Independent Samples Test 2

Levene's Test for
Equality of Variances

t-test for Equality of Means

Sig. Mean Std. Error
F Sig. t df (2-tailed) Difference Difference
homocysteine ,042 ,840 1,059 | 14 ,307 2,7000 2,5493

In Group 2 of PD patients younger than 65 years had 5 patients (31.3%) PNP
and 4 patients (25.0%) had HHcy. 3 patients in Group 2 suffered both from PNP and

both from HHcy (Table 5, 6).

Table 5 (Group 2 — PD patients <65 years):

PNP number of Plasma Hcy concentration (umol/l)
patients: | minimum | maximum | median mean SD
Yes S 7.2 22.5 15.3 14.8 5.6
No 11 6.2 16.5 9.1 10.0 3.5
total 16 6.2 22.5 10.4 11.5 4.6
Table 6 (Group 2 - PD patients <65 years):
Independent Samples Test?
Levene's Test for
Equality of Variances t-test for Equality of Means
Sig. Mean Std. Error
F Sig. t df (2-tailed) Difference Difference
homocysteine ,656 431 2,118 14 ,053 4,7836 2,2589

The data were analyzed by Pearson correlation and there was found
correlations between MNCV (p=0.0543) and also SNCV (p=0.0529) at left peroneal
nerve and Hcy plasma concentration (Graph 1, 2). It should show at relationship
between HHcy and demyelinating degradation in peripheral nerves. However, no
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statistically significant relationship between plasma Hcy level and MNCV and SNCV

at other examined nerves was found.

Graph 1:
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Graph 2:
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Conclusion: Plasma Hcy concentrations are higher in older persons. Also the
ratio of PNP is higher in older people than in younger population. These hypotheses
were confirmed by some previous studies. This study also shows the same results.
However, results of this work support hypothesis, that hyperhomocysteinemia in PD
patients should be considered a neurotoxic factor, especially in young patients, less
than 65 years old. This fact has to be confirmed by studies with larger number of
patients. Nevertheless, all these facts confirm that monitoring of plasma Hcy
concentrations and effective treatment of HHcy are useful in comprehensive care of
PD patients (Nevrly et al., 2008).

As a secondary endpoint these results also show at possible relationship
between HHcy and demyelination lesion of peripheral nerves. However, there were
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not found abnormal decrease of MNCV or SNCV at any patient. All the patients with
electromyographical marks of PNP had an axonal type of PNP, not demyelinating at
all.
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3. Diskuze

Je znamo, Ze HHCY zpulsobuje urychleni procesu aterosklerotického postizeni
cév, dale neurodegeneraci a demenci. Je rovnéz znamo, Ze cerebrovaskularni
onemocnéni a kognitivni deficit maji nepfiznivy vliv na prognézu u pacientd s PN.
Nicméné zatim nejsou dikazy zvySené incidence vaskularni komorbidity u pacientd
s PN. Stejné tak je jednoznacné, Ze L-DOPA je revoluénim lékem v terapii PN a jeji
zavedeni vyrazné zlepSilo kvalitu adélku Zzivota pacientt s PN. Podobné
jednoznacné je znamo, Ze léCba entacaponem vyznamné zlepSuje Klinicky stav
pacientl s prakticky minimalnim rizikem nezadoucich ucinkd. Recentni prace rovnéz
diskutuji moznost, Ze 1éCba entacaponem snizuje hladinu HCY v plazmé.
zvySenou hladinu HCY v plazmé. Hypotéza o jejim opé&tovném sniZzeni po pfidani
inhibitoru COMT byla v nékterych sledovanich potvrzena, v jinych ale nikoli. Vysledky
naseho prospektivniho sledovani, kdy u vSech probandd byly vylou€eny nejcastéjsi
genetické i nutricni abnormity vedouci ke zkresleni vysledku, vSak vySe zminéné
hypotézy o moZzném snizeni L-DOPA indukované HHCY pomoci podavani
entacaponu nepotvrzuji. Jakkoliv je entacapon velmi efektivni a bezpelny lék
stfedné pokrocilého stadia PN, jeho dalSi pusobeni (tj. kromé inhibice COMT) je
pfinejmensim sporné.

Nicméné vysledky sledovani v naSich souborech pacientll ukazuji, ze pfi
souCasném podavani L-DOPA s entacaponem nedochazi ke zvySeni plazmatické
koncentrace HCY ani po 8 tydnech terapie. Tento fakt nuti uvazovat o mozné
protekci kombinované terapie L-DOPA s entacaponem jiz v poCatku onemocnéni
pfed HHCY, a tim snizeni rizik vzniku cerebrovaskularniho postizeni a kognitivhiho
deficitu. K blizSimu poznéni jsou ale nutné dalSi multicentrické studie s vétSimi pocty
vySetfenych subjektd.

VySe uvedené zvazované mechanismy zvySené plazmatické koncentrace
HCY, které vedou k vaskularnimu postizeni a procesu apopoto6zy a neurodegenerace
na urovni CNS, by patrné mohly vést i k postizeni nervovych bunék v oblasti
perifernich nervd. Podobné i vysledky nasSeho sledovani podporuji hypotézu, ze
HHCY u pacientd s PN léCenych L-DOPA muzZe byt neurotoxickym faktorem

podmirfiujicim axonalni postizeni senzitivnich nervi a vedouci k projeviim neuropatie.
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Monitorovani nejen hladin HCY, ale i vitaminu skupiny B a jejich suplementace by tak

méla vést ke sniZeni vyskytu této dosud méné €asto popisované komplikace PN.
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4. Zaveér

Monitoring plazmatické koncentrace HCY je velmi vhodny pfi komplexni péci o
pacienta s PN. Je znamo, ze HHCY zpusobuje urychleni procesu aterosklerotického
postizeni cév, dale neurodegeneraci ademenci. Je rovnéZz znamo, ze
cerebrovaskularni onemocnéni a kognitivni deficit maji nepfiznivy vliv na prognézu
u pacientt s PN. Terapeutické ovlivnéni HHCY, dokonce i indukované podavanim L-
DOPA, je prokazatelné mozné predevSim suplementaci vitaminu B12 a kyseliny
listove.

Podavani inhibitort COMT je jednoznacné opodstatnéné vzhledem Kk jejich
nespornému efektu na pozdni komplikace dlouhodobé terapie L-DOPA. Pfimé
ovlivnéni hladiny HCY v plazmé& podavanim inhibitoru COMT k L-DOPA je stale
pfinejmenSim sporné. Neékteré prace prokazaly signifikantni snizeni plazmatické
hladiny HCY u pacientd s PN, kterym byly podavany inhibitory COMT, nicméné
nékolik dalSich studii tuto hypotézu nepotvrdilo.

Podobné data naSeho sledovani sice potvrzuji hypotézu o zvySené hladiné
HCY u pacientd lé€enych L-DOPA, nicméné naSe studie neprokazuji pfimy efekt
terapie entacaponem na plazmatickou koncentraci HCY v podobé jejiho snizeni po
pridani entacapone k jiz dfive nastavené terapii L-DOPA. Nicméné vysledky naseho
prospektivniho sledovani ukazuji, Ze pfi zahajeni terapie L-DOPA soucCasné
s entacaponem nedochazi ani kvyznamnému navySeni hladiny HCY v krevni
plazmé.

Vzhledem k nejednoznacnosti vysledkl provedenych sledovani nejen
Vv prezentované praci , ale i v dalSich citovanych studiich, vSak nelze pfimy efekt
entacaponu na plazmatickou koncentraci HCY predpovidat ani vSeobecné oCekavat.

V¢&asné odhaleni hyperhomocysteinémie a sou€asna suplementace vitaminem
B6, B12 a kyselinou listovou pak patrné muze vést ke sniZeni rizika vyskytu
senzitivni axonalni neuropatie u pacientt s PN a tim také k zabranéni nepfijemnych

senzorickych projevl polyneuropatie a snizeni kvality Zivota pacient s PN.



5. Summary

Elevated homocysteine (HCY) is a risk factor for vascular diseases, cognitive
impairment and dementia. Vascular diseases and cognitive impairment worsen the
prognosis of Parkinson’s disease (PD) and it is important to minimize the risk of their
occurrence as much as possible. Several retrospective studies have verified elevated
plasma HCY levels found in PD patients treated with levodopa.

Some retrospective studies have shown increased plasma HCY
concentrations in patients suffering from PD and treated long term with L-DOPA.
Recent studies discuss the potential use of entacapone to decrease plasma HCY
concentrations. Some recent retrospective studies confirm the association of
increased plasma HCY concentrations in PD patients who have received long-term
treatment with L-DOPA, but others have not. Results of the presented work, which
eliminated the most frequent genetic or nutritive abnormalities that could bias the
results, do not confirm this hypothesis.

On the other hand, our results show that concomitant L-DOPA and
entacapone treatment, when is started immediatelly, did not lead to elevation of
homocysteinemia. This fact leads us to argue the possible protective effect of
combined L-DOPA and entacapone therapy against HHCY in early PD. This could
also decrease the risk of cerebrovascular disease or cognitive impairment in
parkinsonian patients.

Hcy induces marked cell injury and decreases nerve growth factor synthesis
with its well-known trophic effects on sensory neurons and on the dopaminergic
clonal line of rat adrenal pheochromocytoma cells that respond to nerve growth
factor. So, hyperhomocysteinemia (HHCY) is considered a neurotoxic factor,
inducing a predominantly axonal degeneration in peripheral nerves.

All these facts confirm that monitoring of plasma HCY concentrations is useful
in comprehensive care of PD patients. Supplementation of vitamin B12 and folate
should decrease HHCY, even if it is L-DOPA induced. Entacapone is certainly an
effective and safe drug for treating patients in advanced stages of PD but its effect on

plasma HCY concentration is contestable in the least.
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Pripad motorické a senzitivni neuropatie
a roztrousené sklerozy mozkomisni
u jednoho pacienta

MUDr. Martin Nevrly', MUDr. Vladimira Sladkova', MUDr. Pavel Otruba', doc. MUDr. Stanislav Buival, Ph.D.?,
prof. MUDr. Zdenék Lukas, CSc.3, prof. MUDr. Petr Karnovsky, CSc.'

"Neurologicka klinika LF UP, FN Olomouc
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3Ustav patologie FN Brno-Bohunice

Pacienti s onemocnénim Charcot-Marie-Tooth (CMT) mohou mit demyelinizacni postizeni i v oblasti centralniho nervového systému.
Nachazime potom pfi vysetieni MRl mozku podobny obraz jako u pacienti s roztrousenou skler6zou mozkomisni (RS). Podobné u pa-
cientti s RS muze dojit k postizeni perifernich nervii, obdobnému jako u CMT. Nicméné pfi imunohistochemickém vy3etieni periferniho
nervu Ize nalézt mezi témito dvéma typy postizeni rozdily.

Zaznamenali jsme pfipad 38letého muze s klinickym obrazem amyotrofie hornich koncetin, flek¢niho drzeni prstii a zapésti s omezenim
jejich hybnosti oboustranné, hypotrofie akralné na dolnich koncetinach, flekéniho postaveni nohou a snizeni svalové sily. Elektromyo-
grafické i histologické vysetieni svéd¢i pro motorickou a senzitivni axonalné-demyelinizacni polyneuropatii a odpovida hereditarnimu
typu polyneuropatie. Dadle ma anamnézu recidivujici retrobulbarni neuritidy a atak parestezii v riznych lokalizacich s dobrym efektem
po terapii kortikoidy. Nalez na MR mozku i kréni michy, VEP i likvorologické vysetieni svédci jednoznacné pro RS. Uvazujeme nad novou,
resp. nikoliv béZnou, genovou mutaci u tohoto pacienta, navic ve vzacné koincidenci s RS.

Kli¢ova slova: onemocnéni Charcot-Marie-Tooth, roztrousena skler6za mozkomisni, polyneuropatie, elektromyografie.

A case of motor and sensory neuropathy and cerebrospinal multiple sclerosis in one patient

Patients with Charcot-Marie-Tooth (CMT) disease may have demyelinating involvement also within the central nervous system. An MRI
scan of the brain then shows a finding similar to that in patients with cerebrospinal multiple sclerosis (MS). Similarly, MS patients may
develop peripheral nerve injury analogous to that in CMT. However, immunohistochemical examination of the peripheral nerve can
distinguish between these two types of injury.

We recorded a case of a 38-year-old man presenting with upper limb amyotrophy, flexed posture of the fingers and wrist with a bilateral
restriction in movement, hypotrophy of the lower limb periphery, flexed leg position, and muscle wasting. Electromyographic as well as
histological tests indicated motor and sensory axonal-demyelinating polyneuropathy corresponding to a hereditary type of polyneuro-
pathy. In addition, he had a history of recurrent retrobulbar neuritis and paraesthesia attacks at various sites with a good effect following
a therapy with corticoids. The MRI finding of the brain and cervical spinal cord, VEP as well as CSF examination are clearly indicative of
MS. A novel, or uncommon, gene mutation is considered in this patient, and what is more, in a rare coincidence with MS.

Key words: Charcot-Marie-Tooth disease, cerebrospinal multiple sclerosis, polyneuropathy, electromyography.
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Seznam zkratek

CDT - karbohydrat - deficientni transferin

CHN - kongenitéIni hypomyeliniza¢ni neuro-
patie

CMT - onemocnéni Charcot-Marie-Tooth

CNS = centréIni nervovy systém

Cx32 - connexin 32

DNA - deoxyribonukleové kyselina

EGR 2 - early growth response 2

EMG - elektromyografie

GJB - gap junction

HMSN — hereditarni motorickd a senzitivni neu-
ropatie

HNPP — tomakuldzni neuropatie

MNCV - rychlost veden{ motorickym nervem

MPZ — myelin protein 0

MRI = magnetickd rezonance

PMP 22 — periferni myelinovy protein 22

RS - roztrousena skleréza mozkomi3nf

SIMPLE - small integral membrane protein of
the lysosome/late endosome

VEP - zrakové evokované potencialy

Uvod

Onemocnéni Charcot-Marie-Tooth (CMT) je
heterogenni skupinou onemocnéni periferni-
ho nervového systému. CMT mlizeme rozdélit
do dvou hlavnich skupin = CMT 1 (demyelinizacni)
a 2 (axondlnf), a sice na zakladé rychlosti vedent
motorickymi vidkny nervus medianus, kdy u de-

myeliniza¢niho typu je MNCV <38 m/s a u axondl-
niho je MNCV >38m/s (Dyck a Lambert, 1968).
CMT1 je geneticky heterogenni skupinou
chronickych demyeliniza¢nich polyneuropatif
s genovym postizenim v oblasti 17. chromozo-
mu (CMT1A), 1. chromozomu (CMT1B, CMT1E),
16. chromozomu (CMT1C) a 10. chromozomu
(CMT1D) (Chance, 2004). 70-90% rodin pacient
tvoif typ IA, autozomalné dominantné dédicny,
zpUsobeny duplikaci v oblasti 17p11.2-12 (Nelis et
al, 1996; Marques et al, 2005), ve které lezi gen pro
periferni myelinovy protein (PMP 22) (Berger et al,,
2006; Giambonini-Brugnoli et al., 2005). Druhym
nejcastéjsim je typ s vazbou na chromozom X
(CMT1X), vznikly mutaci GJB1, genu pro con
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nexin 32 (Cx32) (Matsuyama et al,, 2001; Young
etal, 2001). U CMT1B je postizen gen pro myelin
protein 0 (MPZ) (Kilfoyle et al., 2006), u CMT1C
je postizen gen pro small integral membrane
protein of the lysosome/late endosome (SIMPLE)
a CMT1D vznikd v disledku postizenf genu pro
early growth response 2 (EGR 2) (Chance, 2004).
Genotypickymi variantami tohoto genu, které ne-
patfi pod skupinu CMT1D, jsou syndrom Dejerine-
Sottas (HMSN Ill) a kongenitaini hypomyeliniza¢ni
neuropatie (CHN). Tomakulézni neuropatie (HNPP
— hereditary neuropaty with liability to pressure
palsies) je typem CMT s nejmirnéjsimi klinickymi
projevy. Je spojena s 1.5-Mb deleci chromozomu
17p11.2-p12, jez vede k omezeni exprese genu pro
PMP22 (Chance, 2006). Déle jesté zndme 2 typy
s autozomalné recesivni dédi¢nosti s genovym
postizenim v oblasti 10. chromozomu (CMT4E),
resp. 19. chromozomu (CMT4F).

CMT2 je neuropatii axonalniho typu s po-
stizenim genu pro mitofusin 2 (MFN2) na chro-
mozomu 1p35-p36 (CMT2A) (Baloh et al., 2007),
chromozomu 3q13-g22 (CMT2B), chromozomu
7p14 (CMT2D), chromozomu 8p21 (CMT2E), chro-
mozomu 1g22-g23 (CMT2F) nebo chromozomu
313 (CMT2G) (Chance, 2004). CMT2l a CMT2J
jsou dal$imi 2 onemocnénimi CMT axondlniho
typu s autozomdlné dominantnim typem dé-
di¢nosti s mutaci MPZ genu. Jsou popisovany
i 2 formy CMT2 vazané na chromozom X, zatim
ale presnéji neurc¢ené (Kleopa a Scherer, 2006).

To je viak pouze strucny vycet nejcastéjsich
forem CMT, které je mozné potvrdit dostupnou
analyzou DNA. Viechny genové mutace, které
mohou vést k obrazu nékterého typu hereditarnf
neuropatie vsak dosud nebyly popsany. Pokud
molekuldrné genetické vysetfeni neprokaze kau-
zaIni mutaci, nenf diagnéza CMT vyloucena.

V literature je uvadéna moznost koinci-
dence CMT a rlizného postizeni bilé hmoty
mozkové, které jen zfidka byvé symptomatické,
a nejcastéji se projevuje tranzitornim neuro-
logickym deficitem (Tackenberg et al., 2006;
Hisama et al. 2001; Ertl-Wagner et al., 2005).
Tento mUze byt vyvolan infektem, febriliemi ¢i
jinou zatézi organizmu. Likvorovy nélez témér
nikdy nevykazuje zndmky zénétu, a kortikoi-
dy jsou terapeuticky témér vzdy nedcinné. Pri
vysetfeni magnetickou rezonanci (MRI) byvaji
vyjimec¢né popisovana T2-hyperintenznfloziska
lokalizovana prevazné v centrum semiovale,
corpus callosum a stfednim mozeckovém pe-
dunkulu, ojedinéle byly popsany i jako splyva-
jici, zasahujici vysoko subkortikalné, vétsinou
tyto léze pretrvavaji mésice a poté vymizf
(Amato a Barohn, 1996).

Roztrousend skleréza mozkomisni (RS) je auto-
imunitnim onemocnénim centralniho nervového
systému (CNS), vyskytuijici se prevazné v mladém
véku. Podil genetické dispozice a faktord zevniho
prostredi v etiopatogenezi RS nenf dosud zcela
objasnén. V oblasti CNS jsou piftomna u RS mno-
hocetna perivaskularni zanétliva loziska — plaky.
Kromé téchto zanétlivych a demyelinizacnich lézf
v bilé hmoté byla popséna i loZiska demyelinizace
v Sedé hmoté. V nékterych recentnich studiich
jsou popisovéany postizeni i v oblasti periferniho
nervového systému, dle nékterych studifaz u 34 %
pacientd s RS (Merkulov, Zavalishin a Merkulova,
2009; Anlar et al, 2003). Bylo popsano i nékolik
ojedinélych kazuistickych pfipadd koincidence RS
a CMT (Frasson et al, 1997; Almsaddi et al,, 1998;
Rajabally a Abbott, 2005).

Kazuistika

Na nasi klinice jsme zaznamenali pripad 38leté-
ho muZe s anamnézou viedové choroby duodena
aglaukomu.V rodinné anamnéze nebyla v dostup-
né dokumentaci dohledéna diagnéza neuropatie.
Ve 14 letech prodélal operaci pro hypospadii glan-
dularis, rok poté nasledovala dalsf hospitalizace pro
enuresis nocturna.V 21 letech po Uderu do oblasti
levého lokte bylo pro nésledné parestezie v oblasti
nervus ulnaris vievo provedeno elektromyografic-
ké vysetfeni (EMG) s ndlezem zpomalenf rychlosti
motorického veden( nejen na vyse uvedeném
nervy, ale rovnéz na druhostranném ulnarnim
nervu i na obou medidnnich nervech. Ve svalech
inervovanych témito nervy byl i ndlez abnormni
spontanni aktivity. Dle ndslednych neurologickych
vysetfeni dochézelo u pacienta béhem dalsich
let k postupné svalové atrofii na hornich i dolnich
koncetinach, predevsim pak na distalnich svalech
hornich koncetin, déle k oslabovénf svalové sily,
byla také popisovana slachookosticovd areflexie
na hornich i dolnich koncetinach. Jiz v 21 letech
pacienta byly pfiznaky hodnoceny jako CMT typ
1.V téZe dobé se u pacienta opakované vyskytly
paroxyzmy panické poruchy.

Ve 34 letech u pacienta nahle vznikla di-
plopie s horizontalnim rozestupem obrazu,
rotacni nystagmus, parestezie pravé poloviny
jazyka a tvéfe, nejistota pfi chlzi a ataxie. Potize
po intravendznf aplikaci 3 g kortikoidd odezné-
ly. Pri likvorologickém vysetfeni bylo zjisténo
6 oligoklondlnich pést. Za dalsich 6 mésica,
ve 35 letech prodélal levostrannou retrobulbarni
neuritidu. Provedeno MRI mozku s nélezem de-
myelinizacnich zmén v bilé hmoté mozkovych
hemisfér a solitarné v pravém mozeckovém pe-
dunkulu, typickych pro RS. Tehdy bylo u pacienta
diagnostikovano i demyeliniza¢ni onemocnénf
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charakteru RS. Nékolikrat pak v nasledujicim pra-
béhu doslo k paroxyzmalnimu zhorsenf vyse
popsanych symptom0 (diplopie a parestezif).
Opakované pak byl v téchto pfipadech Iécen
intravenozni aplikaci kortikoid, vzdy s dobrym
efektem na parestezie ¢i poruchy vizu.

Ve 36 letech utrpél Uraz pravého ramene
s rezidudInim omezenim hybnosti v ramennim
kloubu. O nékolik tydnl pozdéji pak néhle bez
zjevného vyvoldvajictho momentu zacal pacient
zakopdvat o $picku pravé doIni koncetiny, coz
pretrvava po vétsi fyzické ndmaze dosud. EMG
tehdy neprokazalo vyraznéjsi postizenf pravého
peronedlniho nervu ve srovnani s postizenim
dalsich perifernich nervd dolnich koncetin pfi
diagnéze CMT. Vzhledem k parcidlnimu zlepseni
dorzalni flexe pravé nohy po intravenézni apli-
kaci kortikosteroid(i v dévce 2,59, hodnoceno
jako dalsi ataka RS.

Nynf ve véku 38 let jsou u pacienta v klinic-
kém nélezu pfitomny tézké amyotrofie svalstva
predlokti a ruky, a také pletencli hornich konce-
tin, flekéni drzenf prstl (obrézek 1), omezeni hyb-
nosti v kloubech ruky a zdpésti, snizenf svalové
sily pfi pohybech i v rameni a lokti oboustran-
né, pravostranna hemiparéza, slachookosticova
hyporeflexie. Déle jsou patrné hypotrofie sval-
stva dolnich koncetin s maximem akrdlné, vice
vpravo. Je patrno flekéni drzeni trupu, dystaxie
hornichi dolnich koncetin oboustranné, snizené
slachookosticové reflexy a nevybavné patolo-
gické kozni reflexy. Pi vysetieni citlivosti byla
zjisténa hypestezie distalné od zapésti rukavico-
vitého typu a distalné od kolen punc¢ochového
typu, véetné poruchy vibra¢niho ¢itf akralné
na hornich i dolnich koncetinach.

Laboratorné byla patrna lehka trombocyto-
penie, jinak bez pozoruhodnostf, véetné zaklad-
niho screeningového vysetieni moznych pficin
polyneuropatie (glykemie, hladina hormont
stitné zldzy, sérova hladina vitaminu B12, CDT,
revmatologicky screening, jaterni a rendini pa-
rametry). Pfi MRI vysetieni mozku byl dominant-
nim nélezem obraz vicecetnych lozisek, hyperin-

Obrdzek 1. Flekeni postaveni rukou




tenznich pfi T2-vazenych obrazech a FLAIR sek-
vencich, bez korelace na T1-vazenych obrazech,
lokalizovanych v bilé hmoté periventrikuldrné
az subkortikalng, a v témér celém corpus callo-
sum, které podle popisu odpovidaly demyelini-
za¢nimu postizeni pfi RS. Nélez dalsich podob-
nych lozZisek, hyperintenznich pfi T2 a vazenych
obrazech a STIR, bez korelace pfi T1 véZenych
obrazech, byl patrny i pfi MRI C michy (obrézek
2). Pfi srovnani s pfedchozim vysetfenim (viz
vyse) je patrna progrese zmeén, opét charakte-
ristickd pro RS. Déle nélez pfi vysetteni zrako-
vych evokovanych potencidll (VEP) odpovida
demyelinizacni nejspise prechiasmatické lézi
obou optickych nervii - je prodlouzent latence
viny P100 oboustranné, vyrazné asymetricky
pro levou stranu (obréazek 3). Dalsi EMG nélez
podporuje diagndzu periferni primarné demye-
liniza¢ni polyneuropatie (tabulka). Pfi vysetfeni
likvoru jsme zaznamenali ndlez mononukledrni
pleiocytozy, normalni funkce hematoencefalické
bariéry, normalni nélez pfi imunoelektroforéze
a nespecificky vy3$si hodnotu beta-amyloidu.
Pti biopsii periferniho nervu (n. suralis vpra-
vo, Ustav patologie LF MU v Brng) bylo zjisténo,
Ze v Useku odpovidajicim epineuriu i perineu-
riu nejsou zanétlivé zmeény. Nalezeny zna¢né
nestejnomérné zmeény prdfezu, soubor nervo-

Obrdzek 2. MRl mozku a C michy - T2 sekvence

(VEP)

Obrdzek 3. Zrakové evokované potencialy
- r

Tabulka 1. Vysledky kondukénich studif

Amplituda

Rychlost

vych vidken je ¢lenén Uzkymi vazivovymi septy 4
vedeni (m/s)

Latence (ms) (motorické nervy mV,

na nestejné segmenty slozené ze svazkd (smésf) senzitivni pV)

demyelinizovanych a svazky remyelinizovanych
regenerovanych vidken. Jen v malém poctu jsou

Nervus medianus vpravo

zapésti 8.2 0.1
pritomny svazky remyelinizovanych regenerova- loket 168 o 74
nych vidken. Jen v malém poctu jsou pfitomny tzv. -
) , L i ) Nervus medianus vpravo
Lonion bulbs", které jsou potvrzeny i v ultratenkych
N , . . . zapésti 9.7 0.1
fezech elektronovym mikroskopem. Ve vazivové
slozce nervu je zastizeno nékolik cév s hyalinné loket 204 o1 150
ztlustélou sténou. V jinych trovnich jsou zastize- Nervus ulnaris vpravo
ny Useky s dominantni piitomnosti ,onion bulbs” zapésti 6.6 04
(obrdzek 4). Nalez podle zavéru vysetreni nejblize loket 13.8 05 194
koreluje s hereditari motorickou a senzitivnineu-  prosovicks  paze 18.8 04 200
ropatif,intermedidrnityp, tj. kombinacezméntypu  nervy Nervus ulnaris vievo
1 a2 (Acaretal, 2004; Fidzianska et al,, 2002). P
zapésti 7.2 1.0
Molekuldrné genetické vysetieni neprokaza-
o . . loket 15.8 04 1.6
lo zdvojeni nékteré z alel v oblasti 17p11.2-p12 -
(gen pro PMP 22) - nalez nepotvrzujici CMTIA. paze 190 10 213
Stejné tak nebyla prokazana typicka delece pro Nervus tibialis vievo
diagnézu tomakulézni polyneuropatie (HNPP) kotnik 128 0.2
ve vySetfované oblasti a také mutace v GBJ genu poplitea 427 01 16.7
(CMT1X) ani v genu MPZ (CMT1B). Nervus peroneus vlevo
nart 114 0.8
Zaver pod hlavickou fibuly 387 06 134
Je zndmo, ze u CMT mUze dojit u nékterych N
) o . Nervus suralis vpravo - - -
typl k postizeniiv oblasti CNS (Tackenberg etal,  senzitivni N a | o8 I o
» ervus medianus vievo . . .
2006; Seeman, 2001; Amato a Barohn, 1996). Déje nervy
Nervus ulnaris vlevo 10.0 0.6 201

se tak napfiklad postizenim exprese connexi-
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nl na astrocytech a oligodendrocytech. Toto
postizeni ma pfi vysetifeni MRl mozku podob-
ny obraz, jako je u pacientd s RS. Nicméné, pfi
likvorologickém vysetfenim nebyvaji nalezeny
znamky zdnétu a toto postizeni, které se mlze
manifestovat neurologickym deficitem, nikdy
nereaguje na terapii kortikoidy.

Podobné i u RS mlze dojit po delsim prabé-
hu onemocnéni k demyelinizacnimu postizeni
perifernich nervd (Merkulov, 2009), podobné-
mu jako pfi CMT (Anlar et al., 2003; Zéphir et al.,
2008; Pogorzelski et al., 2004; Sarova-Pinhas et
al, 1995). Nicméné pii imunohistochemickém
vysetienf byly prokdzany podobnosti v postizeni
U RS a CMT (Acar et al,, 2004). Rovnéz nélez pii
EMG vysetfeni neni u téchto dvou onemocnéni
identicky (Anlar et al., 2003).

U referovaného pacienta nalez loZisek po-
stizenych demyelinizaci pfi MRI mozku i kr¢nf
michy, déle obraz prechiasmatického postizen
obou optickych nervl pfi VEP a také likvorolo-
gicky nélez 6 oligoklondlnich past nasvédcuje
onemocnéni RS. Tomu odpovidé i klinicky nalez
se spInénim McDonaldovych kritérii (Polman
et al, 2005), atakovity prabéh s velmi dobrou
odpoveédi na kortikoterapii.

EMG vysetfenim bylo zjisténo axonalné-de-
myelinizacnf postizeni (vyrazné zpomaleni rych-
losti vedeni a snizeni amplitudy oboustranné).
Biopticky nalez odpovida postizeni jak CMTT, tak
CMT2, a mohl by svédcit pro intermedidrni typ
CMT. Molekuldrné genetické vysetieni dostup-
nych alel nicméné nepotvrdilo CMT1 ani HNPP.
Vzhledem ke klinickému obrazu a vyse uvede-
nym ndlezdm EMG a histologickych vysetieni
vsak usuzujeme na hereditdmf pficinu primarné
demyeliniza¢ni neuropatie, byt se jednd o spo-
radicky pffpad v rodiné pacienta. Uvazujeme
o budto vzacné nebo zatim nezjisténé spora-
dické genové mutaci, kterd vede ke klinickému
obrazu CMT, intermedidrniho typu 1 a 2.

Kombinaci onemocnéni RS a CMT u jedno-
ho pacienta, navic CMT zapficinéného zfejmé
méné castou ¢i zcela novou genovou mutaci,
povazujeme za ojedinélou. V literatufe jsme nasli
jen nékolik mélo kazuistickych pfipadd koinci-
dence CMT a RS (Frasson et al,, 1997; Almsaddi
et al, 1998; Rajabally a Abbott, 2005; Zéphir et al,,
2008), ale ne podobny pfipad s jednoznacnou
patologif, odpovidajici nékteré z forem CMT,
a zaroven typickym symptomovym komplexem
odpovidajicim RS. DNA pacienta je uchovavano
na genetickém pracovisti k analyze v pozdéjsi
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dobé, s vy3si trovni poznani molekuldrnich pri-
¢in polyneuropatif a demyelinizaci.
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PREHLEDNE CLANKY

LECBA POCATECNIHO STADIA
PARKINSONOVY NEMOCI

doc. MUDr. Petr Kanovsky, CSc., MUDr. Igor Nestrasil, MUDr. Martin Nevrly, MUDr. Pavel Ressner
Centrum pro diagnostiku a Ié€bu neurodegenerativnich onemocnéni, Neurologicka klinika LF UP, FN Olomouc

V pocatecnim stadiu Parkinsonovy nemoci je zasadni pfedevsim zvolit okamzik, kdy je medikamentdzni terapie zahajena. Mélo by
tak byt ucinéno ve chvili, kdy projevy nemoci vyznamnéji omezuji bézné denni aktivity pacienta. Nasledné je pak tfeba zvolit néktery
z nékolika druhi preparatu, které jsou pro Ié¢bu tohoto stadia Parkinsonovy nemoci dostupné. V zasadé je vzdy vhodné zacit [é¢bu in-

z poslednich let, podpofeny vysledky klinickych studii, je ten, ze v takovém pfipadé by Iécba méla byt zahajena preparatem ze skupiny

agonisti dopaminu.

Klicova slova: Parkinsonova nemoc, pocatecni stadium, terapie, agonisté dopaminu.
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Uvod

Je viibec otazkou, co Ize nazvat pocate¢nim
stadiem Parkinsonovy nemoci. Jedna-li se o situa-
ci, kdy poprvé na pacientovi lékar zjisti pfitomnost
pfiznakd, které mohou na parkinsonsky syndrom
upominat, anebo jedné-li se o situaci, kdy je na
zékladé klinického nalezu, vysledkdi pomocnych
vySetfeni a vysledkd farmakologickych testd sou-
zeno, ze v daném pfipadé je parkinsonsky syn-
drom zplisoben pocinajici Parkinsonovou nemoci.
Osobné se klonim spi8e k druhé varianté, tj. tomu
stavu, kdy Iékaf usoudi, ze se jedna o Parkinsono-
vu nemoc.

Daldi otazkou je, co a jak v této fazi Iécit. Ob-
vykle se v tomto stadiu u pacienta setkdvame s ne-
vyraznymi pfiznaky charakteru drobné hypokinezy,
lehce zvySeného plastického tonu, hypomimie,
a v nékterych pfipadech i s vyvinutym tfesem (tfes
je pocéte¢nim pfiznakem Parkinsonovy nemoci pou-
ze v 20-30% pfipadu). LékaF si musi byt pochopi-
telné védom toho, Ze kazdd medikamentdzni terapie
mé kromé zédoucich, pozitivnich U¢inkd i G¢inky po-
stranni a tudiz nezadouci. Takze kazda farmakolo-
gickd intervence mize stav pacienta zlepsit, ale za-
roven indukovat problémy, a to nejen okamzité, ale
i ,odlozené“. Proto by zakladnim imperativem v této
fazi terapeutickych tvah mélo byt ,primum non no-
cere”. Jakdkoliv farmakologické terapie by méla byt
dUkladné diskutovana s pacientem a ordinovana
pouze v situaci, kdy se Iékaf snazi ovlivnit pfiznaky,
které pacienta skute¢né obtézuji a vyznamnéji zhor-
Suji kvalitu jeho Zivota.

Poté, co bylo dosazeno konsenzu mezi paci-
entem a Iékafem, Ze farmakologicka terapie je ne-
zbytna, nabizi se v pocatecnim stadiu Parkinsonovy
nemoci nékolik terapeutickych variant. Jsou jimi
|é¢ba inhibitory MAO-B, anticholinergiky, adaman-
tanovymi slou¢eninami, dopaminovymi agonisty
a vyjimecné lécba L-DOPA (14).
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Inhibitory monoaminooxidézy B

Selegilin jako slouenina byl syntetizovan po-
prvé v r. 1964 v Budapesti Janosem Knollem. Jed-
n& se ireverzibilni blokator monoaminooxidézy B
(MAO-B). Predpokiada se, Ze svym pusobenim
(nejen v mozku, ale ve viech bunéénych systémech
lidského téla) blokuje Fentonovu reakci a tim redu-
kuje riziko oxidativniho stresu redukci tvorby volnych
radikald. Zatim jsou volné radikdly povazovany za
dulezity Cinitel v prdbéhu apoptézy. Zaroveri bloka-
dou MAO-B, jednoho z enzym(, metabolizujicich
L-DOPA na periferii i v CNS, zvy3uii jeji vyuZitelnost.
Velké klinické studie (napf. DATATOP) prokazaly, ze
skute¢né 1é¢ba selegilinem oddaluje potfebu zaha-
jeni lé¢by L-DOPA. Neprokazaly viak presvédcivé
predpokladany neuroprotektivni efekt, tj. zpomaleni
progrese nemoci (10). Do nedavna byl selegilin zfej-
mé nejcastéji pouzivanym preparatem pfi zahajovani
medikament6zni 1é¢by Parkinsonovy nemoci. Limi-
taci jeho poutziti je vSak to, ze u star§ich nemocnych
je potfeba velké opatrnosti, zejména pfi koincidenci
kardialniho onemocnéni. Divodem jsou vysledky
velké britské studie, kterd pfinesla dikazy o nahlych
korondrnich Umrtich u pacientt s touto anamnézou,
|éCenych selegilinem. Proto se v soucasnosti do-
porucuje lécba maximdini ddvkou 5mg/den, ktera
by toto riziko méla kdyz ne eliminovat, tak alespor
minimalizovat. Dal§im problémem lé¢by selegilinem
je rozvoj urcité zavislosti na 1écbé. Selegilin je totiz
v téle metabolizovan na amfetamin a metamfetamin.
Euforizujici U¢inek 1é¢by selegilinem je sice do jisté
miry pfiznivy, na druhé strané je vSak vyvazen rizi-
kem vzniku abstinenénich pfiznakd pfi nahlém vy-
sazeni. Podobnym problémem je moznd kombinace
s SSRI preparaty, ktera mlze vyvolat serotoninovy
syndrom. Tyto vlastnosti postradd novy preparat
této fady, rasagilin, ktery je na rozdil od selegilinu
indikovan nejenom v pocatecnim, ale i v pokrocilém
stadiu nemoci (8).
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Anticholinergika

Jednd se patrné o nejstarsi 1éky pouZivané
k 1é¢bé& Parkinsonovy nemoci. Anticholinergiky
jsou totiz pfirodni alkaloidy atropin a skopolamin,
a tinctura belladonae byla k ovlivnéni parkinsonské
symptomatologie pouZivana jiz davno. Vyhodou
anticholinergik je snadné podéavani, nevyhodou je
pomérné vysoka incidence nezadoucich uginkl
z psychiatrické oblasti, zejména halucinaci a kogni-
tivnich poruch (8). Z tohoto dlivodu se nedoporucuje
podavani anticholinergik u pacientt starsich 60 let.
Nevyhodou je také nutnost postupného vysazeni,
néhlé vysazeni mize zpUsobit abstinenéni pfiznaky.
Vyhodou, kterou je tfeba zminit, je selektivni velmi
dobré G¢innost u tremor-dominantnich forem Par-
kinsonovy nemoci a pozitivni ovlivnéni vegetativnich
pfiznakU, napf. hypersalivace (6). V soucasné dobé
jsou prakticky dostupné pouze 3 preparaty této sku-
piny: biperiden, benztropin a orfenadrin, pficemz
biperiden existuje i v injekéni formé. Je také patrné
nejCastéji podavan.

Adamantanové slouceniny

Plvodné byla tato Iékova skupina vyvinuta jako
antivirotikum. Akcidentalné vSak byl pozorovan vy-
znamny pozitivni efekt této 1é¢by na pfiznaky Par-
kinsonovy nemoci.

V soucasnosti jsou adamantanové slouceni-
ny dostupné jako amantadin-sulfat a amanta-
din-hydrochlorid. Pfedpoklada se u nich stejna
cesta Ucinku. Vzhledem k tomu, Ze tyto preparaty
jsou antiglutamatergni, zfejmé se vazi na NMDA-
-receptory v mozku a jejich prostrednictvim ovliv-
fuji pfibuzny (a anatomicky blizky) systém dopa-
minergni (8).

Adamantanové slouceniny jsou vyhodné v mo-
noterapii. Jejich kombinace se selegilinem nepfinasi
(vzhledem k absenci priikazu skute¢ného neuropro-
tektivniho Géinku selegilinu) zadnych vyhod, takze je
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tfeba volit mezi témito dvéma druhy terapie. Pfitom
je vhodné zohlednit specifické plisobeni amantadinu
na posturdini poruchy u Parkinsonovy nemoci. Kom-
binace s L-DOPA ¢i dopaminovymi agonisty mize
byt pfi¢inou vzniku halucinatorniho syndromu, takze
je doporu¢ovano se této kombinaci v I6¢bé vyhnout
a pfed nasazenim dopaminergni terapie amantadin
vysadit (14).

Specifickym pouzitim amantadinu je infuzni lé¢-
ba roztokem amantadin-sulfatu, kterd je pouzivana
v pfipadech selhavani dopaminergni 1é¢by a nastu-
pu vyrazné hypokinezy a rigidity u fluktuujicich paci-
entd s Parkinsonovou nemoci.

Agonisté dopaminu

Jde o nejmladsi skupinu lé¢iv uréenych k 1é¢-
bé Parkinsonovy nemoci. V zdsadé se jedna o dvé
skupiny molekul, ergolinové a non-ergolinové.
StarSi preparaty (napf. lisurid, tergurid bromokrip-
tin, dihydroergokriptin, cabergolin, pergolid) maji
vesmés ergolinovou strukturu, preparaty moder-
néj8i (ropinirol, pramipexol, rotigotin, sumanirol)
maji strukturu non-ergolinovou. Specifickym z&-
stupcem této skupiny je apomorfin, ktery ma struk-
preparaty je mozno pouzit v 1é¢bé pocatecni faze
Parkinsonovy nemoci.

Lisurid je slaby D2 a jesté slabsi D1 agonista.
M4 velmi kratkou doba Uéinku a polocas do 3 hodin.
Byl podéavan Siroce v dobé, kdy nebyly dostupné mo-
derni a U€inngjsi preparaty.

V soucasné dobé vSak fakticky neni v indikaci
Parkinsonovy nemoci podévan. V klinickych studiich
probiha ovéfovani moznosti podavani lisuridu pomo-
ci ndplasti (17).

Tergurid je slaby parcidini D1 a D2 agonista.
Jedna se o plvodni éeskou molekulu. Nizka ucin-
nost preparatu byla vyvazena nizkou frekvenci ne-
Z&doucich ucinkd (3). Je stale indikovan jako mo-
noterapie i jako ,add-on"“ terapie ve fazi komplikaci
|é¢by levodopou, nicméné prakticky neni v indikaci
Parkinsonova nemoc podévan.

Bromokriptin je méné efektivni D2 agonista,
ktery ma na D1 receptorech antagonisticky efekt.
Ma krat$i polocas, kolem 8-9 hodin, a k dosazeni
terapeutického efektu je nutno podavat vy3si dav-
ky, az kolem 30 mg t. i. d. Halucinace a zmatenost
popisovana i pleuralni fibréza (12). V sou¢asné dobé
je indikovan jako ,add-on" terapie ve fazi komplikaci
léby levodopou, nicméné jeho podavani je v Ceské
republice i Evropé spi8e vyjimkou, Castéji je pouzi-
vanv USA.

Dihydroergokriptin je silny D2 agonista a sla-
by parciaini D1 agonista. Vyhodou preparatu je po-
mérné dlouhy polocas, udava se az 15-17 hodin,
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a dobra snadenlivost. Nevyhodou je nutnost poda-
vani vysokych davek (az 60 mg denné) k dosazeni
terapeutického Ucinku (6). Nejcastéjsim nezédou-
cim efektem je ortostaticka hypotenze (14). V sou-
¢asné dobé je sice indikovan jako ,add-on“ terapie
ve fazi komplikaci 1é¢by levodopou, nicméné podé-
vén je v indikaci Parkinsonova nemoc malo, spie
vlibec ne.

Cabergolin je ergolinovy D2 agonista a par-
cidni antagonista D1 receptor(i. Slabsi dopami-
nergni efekt preparatu je vyvazen dlouhou dobou
Ucinku, pologas je az 70 hodin. Hlavnim neza-
doucim Uéinkem je ortostatickd hypotenze (1).
V Ceské republice probéhla pred lety klinickd stu-
die, preparat je v3ak registrovan pouze pro 1é¢bu
prolaktinomu. V sou¢asné dobé by byl indikovan
jako ,add-on“ terapie ve fazi komplikaci l&¢by le-
vodopou.

Pergolid je ergolinovy, velmi potentni agonista
D1, D2 i D3 receptorli s polo¢asem 27 hodin. Rela-
tivné malé riziko vzniku komplikaci psychiatrického
charakteru a ortostatické hypotenze a velmi dobra
snadenlivost z gastrointestinalnho hlediska jsou vy-
véazeny evidenci indukce fibréznich zmén na srdec-
nich chlopnich. Z tohoto divodu byl vyrobce nucen
informovat |ékare o téchto skute¢nostech, a v sou-
Casné dobé je indikovéan jako ,add-on“ terapie ve
fazi komplikaci navozenych lé¢bou levodopou a jako
monoterapie pouze za predpokladu nesnasenlivosti
jinych preparat této skupiny (4. jako €k druhé fady).
| tak je v8ak potfebnd pravidelnd echokardiograficka
kontrola (2, 15).

Pramipexol je non-ergolinovy vysoce selektivni
agonista D2 receptord s afinitou i k D3 receptoriim.
Zévraté, ob¢asna ortostaticka hypotenze a psychiat-
rické komplikace jsou nejéastéjsi nezadouci i¢inky
(9). V roce 2001 roce byly referovany prvni pfipady
,nahlého usnuti“ u pacient, 1écenych pramipexo-
lem, coz probudilo zajem o tento nespecificky, patr-
né skupinovy, nezadouci efekt Iécby (5). V sou¢asné
dobé je indikovan jako ,add-on“ terapie ve fazi kom-
plikaci Ié¢by levodopou a jako monoterapie v po¢a-
teénim stadiu nemoci.

Ropinirol je non-ergolinovy, selektivni D2
a D3 agonista s relativné dlouhym polo¢asem
a vyznamné nizkou frekvenci nezadoucich Géinkl
psychiatrického charakteru. Jednd se v sou¢asné
kaci Parkinsonova nemoc nejuzivanéj$i preparat
ze skupiny agonist dopaminu. Pfevazné je v sou-
Casnosti pouzivan jako zahajovaci lé¢ba Parkin-
sonovy nemoci, a to proto, Ze ve velké studii bylo
prokdzéano snizeni rizika vzniku dyskinezi (13),
a v dali velké studii bylo pomoci PET prokazano
i zpomaleni progrese nemoci (16). Je pochopitelné
indikovan i jako ,add-on“ terapie ve fazi komplika-
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ci zplsobenych lécbou L-DOPA. Jako u jediného
z preparatl této skupiny byla ve velké studii ové-
fena efektivita a bezpeénost terapie ropinirolem
u vékové skupiny pacientl nad 70 let. V souc¢asné
dobé je pfipravovana registrace tzv. retardova-
né, neboli “controlled-release” formy preparatu
4,6,7,11).

Rotigotin je nejnovéjsi preparat ze skupiny ago-
nistl dopaminu s non-ergolinovou strukturou. Jedna
se 0 D2 agonistu s ¢astecnou afinitou i k D3 recep-
tordm. Je podévan ve formé naplasti. Probéhly jiz
klinické studie vSech fazi, je pfipravovana registra-
ce i v Ceské republice, ale $irsi klinické zkusenosti
s preparatem nejsou (4).

L-DOPA

L-DOPA je sice zlatym standardem lé¢by Par-
kinsonovy nemoci, ale v posledni dobé se Siroce
ustupuje od jejiho pozivani v 1é¢bé pocatecniho
stadia, s vyjimkou velmi starych nebo polymor-
bidnich pacientt. Proto bude pouziti L-DOPA a in-
hibitord enzymd, které ji metabolizuji, popsano
v €lanku vénujicim se 1é¢bé pokrocilého stadia
nemoci.

Strategie zahdjeni lécby

Strategii zahajeni |é¢by Parkinsonovy nemoci
v po¢éatecnim stadiu Ize popsat relativné jednodu-
Se. Lékem prvni volby by patrné mél byt selegilin
¢i rasagilin, protoze vysledky studie DATATOP,
dosud nezpochybnéné, jasné prokézaly oddaleni
potfeby 1é¢by L-DOPA. Je potfeba obezfetnosti pfi
16Ebé pacientl s kardialnim rizikem. Pokud terapie
inhibitory MAO-B neni Géinna, je (u pacientd mlad-
Sich 60 let) na misté sahnout po anticholinergiku.
Rada nemocnych z této 1éby vyznamné profituje
po fadu let. U nemocnych starSich 60 let (nebo
tam, kde lécba anticholinergiky nestaci) je |ékem
volby amantadin. Pokud vy$e uvedené terapeu-
tické postupy nejsou dostate¢né ke kompenzaci
nemoci (po dobu 3 mésicli od zahajeni terapie),
je nutno ordinovat dopaminergni lécbu, tj. néktery
preparét ze skupiny agonist(i dopaminu. Vzhledem
k suspiciu na skupinovy efekt ergolinovych prepa-
raty (fibrotizace srde¢nich chlopni) je pochopitelné
pro pacienta Iépe, kdyz IékaF zvoli non-ergolinovy
preparat. V soucasné dobé jsou dostupné dva,
pramipexol a ropinirol (rotigotin dosud neni regis-
trovéan, apomorfin se v pocatecnim stadiu nemoci
nepouzivd). Osobné se domnivam, ze je pro pa-
cienta vyhodnéjsi 1é¢ba ropinirolem, a to ze dvou
ddvod: prvnim je pfehlednost a snadnost titrace
preparatu, druhym je relativni blizkost registrace
L,controlled-release” formy preparatu, kterd by ze-
jména v pocatecnim stadiu léCby byla pro pacienta
vyznamné vyhodna.

1/ 2006



Literatura

1. Baas HK, Schueler P. Efficacy of cabergoline in long-term use: results of three obser-
vational studies in 1500 patients with Parkinson’s disease. Eur Neurol 2001, 46 (Suppl. 1):
18-23.

2. Bonuccelli U, Colzi, A, Del Dotto P. Pergolide in the treatment of patiens with early and advan-
ced Parkinson’s disease. Clin Neuropharmacol 2002, 25: 1-10.

3. Brucke T, Danielczyk W, Simanyi M, Sofic E, Riederer P. Terguride: partial dopamine agonist
in the treatment of Parkinson’s disease. Adv Neurol 1987, 45: 573-576.

4. Goetz, CG, Poewe W, Rascol O, Sampaio C. Evidence-based medical review update: phar-
macological and surgical treatmens of Parkinson’s disease: 2001 to 2004. Mov Disord 2005, 20:
523-539.

5. Homann CN, Wenzel K, Suppan K, Ivanic G, Kriechbaum N, Crevenna R, Ott E. Slep attacks
in patiens taking dopamine agonists: review. BMJ 2002, 324: 1483—-1487.

6. Horstink M, Tolosa E, Bonuccelli U, Deuschl G, Kanovsky, P, Friedman A, Larsen JP, Lees A,
Oertel W, Poewe W, Rascol P, Sampaio C. Review of the management of Parkinson’s disease.
Report of an EFNS/MDS-ES Task Force. Eur J Neurol, in press.

7. Jost WH. Ropinirole: current status of the studies. J Neurol 2004 (Suppl. 6): 13-18.

8. Lees AJ. Alternatives to levodopa in the initial treatment of early Parkinson’s disease. Druha
Aging 2005, 22: 731-740.

9. Moeller J, Oertel WH. Pramipexole in the treatment of Parkinson’s disease: new developments.
Expert Rev Neurother 2005, 5: 581-586.

1/2006 NEUROLOGIE PRO PRAXI / www.neurologiepropraxi.cz

80

PREHLEDNE CLANKY

10. Parkinson Study Group. DATATOP: a multicenter controlled clinical trial in early Parkinson’s
disease. Arch Neurol 1989, 46: 1052-1060.

11. Ponsford JR. Treatment of early onset Parkinson’s disease with ropinirole. J Neurol Neuro-
surg Psychiatry 2001, 70: 418—419.

12. Poewe W, Sampaio C, Oertel WH, Rascol O. DA agonists — ergot derivatives: bromocriptine:
management of Parkinson’s disease. Mov Disored 2002, 17 (suppl 4): 53—67.

13. Rascol O, Brooks DJ, Korczyn AD, De Deyn PP, Clarke CE, Lang AE. A five-year study of the
incidence of dyskinesia in patiens with early Parkinson’s disease, who were treated woth ropini-
role or levodopa. 056 study group. N Engl J Med 2000, 342: 1484-1491.

14. Schapira AH. Present and future drug treatment for Parkinson’s disease. J Neurol Neurosurg
Psychiatry 2005, 76: 1472—1478.

15. Van Camp G, Flamez A, Cosyns B, Goldstein J, Perdaens C, Schoors D. Heart valvular di-
sease in patiens with Parkinson’s disease treated with high-dose pergolide. Neurology 2003,
61: 859-861.

16. Whone AL, Watts RL, Stoessl J, Davis M, Reske S, Nahmias C, Lang AE, Rascol O, Ribei-
ro MJ, Remy P, Poewe WH, Hauser RA, Brooks DJ, REAL-PET study group. Slower progres-
sion of Parkinson’s disease with ropinirole versus levodopa: the REAL-PET study. Ann Neurol
2003, 54: 93-101.

17. Woitalla D, Miller T, Benz S, Horowski R, Przuntek H. Transdermal lisuride delivery in the
treatment of Parkinson’s disease. J Neural Transm Suppl. 2004, 68: 89-95.

35



PREHLEDNE CLANKY

FARMAKOTERAPIE POKROCILE

PARKINSONOVY NEMOCI
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Centrum pro diagnostiku a Ié¢bu neurodegenerativnich onemocnéni, Neurologicka klinika LF UP a FN Olomouc

Parkinsonova nemoc se ve vétsiné pfipadl po 5-7 letech dostava do stadia, které oznacujeme jako pokrocilé stadium nemoci. P¥icinou
je nejen progrese nemoci samotné, ale i komplikace, které vyvolava dopaminergni terapie. V takovémto stadiu nemoci je nezbytna snaha
o optimalizaci Ié¢by a o pozitivni ovlivnéni vSech symptom{ pokrocilého stadia. V soucasné dobé existuje fada medikament, které Ize
v této fazi pouzit, nicméné nezbytna je znalost vSech moznosti farmakologickeé lécby pred rozhodnutim o pouziti optimalni varianty v kaz-

dém individualnim pfipadé.

Kli¢ova slova: Parkinsonova nemoc, pokrocilé stadium, inhibitory COMT, agonisté dopaminu.

Neurol. pro praxi, 2006; 2: 108-110

1. Uvod

Parkinsonova nemoc je, na rozdil od fady dal-
§ich neurodegenerativnich onemocnéni, charakteri-
zovana nejen progresi per se, ale i progresi ovliv-
nénou lécbou. Terapie, kterd nejvice modifikuje préi-
béh a Klinicky charakter Parkinsonovy nemoci, je te-
rapie dopaminergni. Nejen ze plsobi pfimo na do-
paminové receptory ve striatu, ale zpétnovazebné
ovliviiuje i nigraini neurony, kde je dopamin syn-
tetizovan. Kromé toho se na rozvoji komplikaci po-
dili nepochybné i abnormalini fungovani NMDA re-
ceptorll a adenosinovych receptord. Komplexni te-
rapie pokrocilého stadia Parkinsonovy nemoci je
komplikovand zalezitost, ktera vyzaduje velmi dob-
rou spolupréci pacienta a trvaly monitoring jeho mo-
torického i mentainiho stavu (9). Divodem je to, Ze
v tomto stadiu se Parkinsonova nemoc manifestuje
nejenom motorickou symptomatologii, ale také pfi-
znaky psychiatrickymi (halucinace, bludy), behavio-
ralnimi, vegetativnimi a v neposledni fadé demenci.

2. Pfehled pouzivanych medikamenta
A. L-DOPA

L-DOPA (levodopa) je stale tzv. ,zlatym standar-
dem*1é¢by Parkinsonovy nemoci, a to zejména v po-
kro¢ilém stadiu. SpiSe vyjimeéné je pouzivana pfi
zahajeni lé¢by, ale v pokrocilém stadiu onemocnéni
uzivaji L-DOPA prakticky vSichni pacienti lé¢eni pro
Parkinsonovu nemoc. L-DOPA je prekurzorem dopa-
minu. Na rozdil od néj je aktivné transportovana pfes
stfevni sténu (vstfebava se v duodenu a hlavné jeju-
nu), a prostupuje pies hematoencefalickou bariéru.
L-DOPA je molekula zna&né fragilni, nebot je na peri-
ferii i v CNS metabolizovana nékolika enzymy. V za-
Zivacim traktu je $tépena na neucinné metabolity
pepsinem a rozkladana kyselinou chlorovodikovou.
V' perifernim obéhu je metabolizovana (podle po-
fadi) dopa-dekarboxylazou (DDC), katechol-O-me-
tyl transferdzou (COMT) a monoaminooxidazou B
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(MAO-B). V oblasti CNS je metabolizovana (podie
pofadi) COMT, MAO-B, DDC a monoaminooxida-
zou A (MAO-A). Nemetabolizovany objem L-DOPA
se pomoci hematogenniho a extracelularniho trans-
portu dostdva k buiikdm v substantia nigra, kde je
metabolizovana na dopamin a pisobi na dopami-
nergnich receptorech (vech tfid, zejména ale D2)
jako nahrada za dopamin endogenni.

Lécba L-DOPA je bez diskuze (jedné-li se o idi-
opatickou Parkinsonovu nemoc) efektivni a dosta-
te¢né bezpecnd. Kromé intoxikace pfi pfedévkovani,
ktera se vétSinou manifestuje psychiatrickou sym-
Ucinkem ortostdza. Vétsim problémem je v8ak lécba
L-DOPA z hlediska déledobé perspektivy 1é¢by PN.
Soustavnd Ié¢ba L-DOPA pomoci tzv. standardnich
preparatt totiz vySe popsanym mechanizmem stimu-
luje dopaminergni receptory tzv. pulznim zpisobem.
To je pfi¢inou situace, kdy po nékolikaleté 1é&bé do-
chézi k habitaci efektu L-DOPA a tzv. re-settingu
(,pFestaveni) dopaminergnich receptor(l. Podobné
jsou ovliviiovany receptory zpétnovazebné v ob-
lasti substantia nigra. To je pfi¢inou vzniku tzv. we-
aring-off fenoménu (zkracovani efektu davky) a fluk-
tuaci, nejCastéji charakteru on-off, a dyskinezi. Ten-
to jiz delSi dobu znamy fakt byl feSen vyvojem tzv.
Lcontrolled-release preparatli L-DOPA, nicméné vy-
sledky jejich klinického pouZiti byly v disledku spi-
e zklamanim. Proto je dnes sice L-DOPA zakladnim
Iékem pokrocilého stadia Parkinsonovy nemoci, ale
prakticky vzdy s kombinaci s dal§imi preparaty, které
budou déle popsany.

B. Agonisté dopaminu

Jde o heterogenni skupinu molekul, jejichz spo-
le€nou vlastnosti je afinita k dopaminovych recep-
tordm v mozku (3). Charakterem této afinity a silou
vazby na receptory se potom navzajem lisi. Vétsinu
agonistll dopaminu charakterizuje afinita k tfidam
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D2 i D1 receptord, nékteré vykazuii afinitu i k tfidé
D3. Arbitrarné jsou preparaty déleny do dvou skupin
podle chemické struktury molekuly, na ergolinové
a non-ergolinové. Znalost molekularni struktury pre-
paratu je v tomto pfipadé pomémé dulezita, nebot
preparaty s ergolinovou strukturou mohou zpUsobit

fibrotizace srdecnich chlopni.

V soucasné dobé Ize ze skupiny dopaminovych
agonistl pouzit tyto preparaty:

Bromokriptin je ergolinovy preprét. Je jiZ stari
molekulou, jedna se méné efektivniho agonistu D2
receptorl, ktery ma na D1 receptorech antagonis-
ticky efekt. Biologicky polo¢as bromokriptinu je asi
8-9 hodin. K dosazeni terapeutického efektu pfi lé¢-
bé Parkinsonovy nemoci je tfeba podévat vyssi dav-
ky preparétu, az kolem 30 mg denné, coz znamena
vyznamné riziko vzniku psychiatrickych vedlejsich
Uéinkt (halucinace, bludy). Dale byla popisovana
pleurdini fibréza. V sou¢asné dobé je bromokriptin
ve svété poddvan malo, pravé z vyse uvedenych du-
vod(.

Dihydroergokriptin je modeméji verzi pred-
chozi molekuly. Jednd se opét o preparat s ergolino-
vou strukturou, ktery je relativné silnym agonistou
D2 receptord a slabym parcidlnim agonistou recep-
torll D1. Za vyhodu tohoto preparatu je povazovan
jeho pomérné dlouhy biologicky polo¢as (udavé se
15-17 hodin), nevyhodou je nutnost podavani vys-
Sich dévek k dosaZeni terapeutického efektu (az
60-80mg denng). Casto popisovanym nezadoucim
ucinkem je ortostaza.

Kabergolin je také jiz starsi preparét s ergo-
linovou strukturou. Jednd se o agonistu D2 a par-
cialniho antagonistu D1 receptord (2). Slabsi do-
paminergni efekt je u tohoto preparatu vyvazovan
dlouhym biologickym polo¢asem (az 70 hodin), ne-
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zadouci Ucinky jsou vazany pravé na takto vzniklou
kumulaci Iéku, nejcastéji je popisovana ortostaticka
hypotenze. V soucasnosti je v Ceské republice re-
gistrovan pouze pro lé¢bu prolaktinomu.

Tergurid, dali ergolinovy preparat, je slaby par-
cialni agonista D1 a D2 receptor(, pficemz na D2 re-
ceptorech ma v nizké davce tzv. paradoxni plisobe-
ni, plisobi zde jako antagonista. Jednd se o plvodni
Ceskou molekulu, ktera pfi nizké ucinnosti méla také
nizky vyskyt nezédoucich U€inkd. V sou¢asnosti se
prakticky nepodava.

Lisurid je také jiz starsi ergolinovou molekulou.
Jetoslaby D2 a jesté slabsi D1 agonista, s velmi krat-
kou dobou Uéinku (asi 3 hodiny). Byl Siroce podavan
v dobé, kdy modernéjsi preparéty nebyly k dispozici,
ale nyni se v tabletové formé prakticky nepouziva.
Na druhé strané slavi tato molekula svou renesanci,
nebot byly vyvinuty néplasti schopné transdermal-
niho kontinudiniho uvolfovani ucinné latky, které se
v soucasnosti intenzivné klinicky zkousi.

Pergolid je ergolinovy, velmi potentni agonista
receptord tfid D2, D1 i D3. Jeho biologicky polo¢as
je az 27 hodin, coz umoziuje dobrou kontinudlni
stimulaci dopaminovych receptord. Béznou terape-
utickou denni davkou jsou 3mg. Uddvanymi neza-
doucimi komplikacemi jsou ortostatickd hypotenze
a zejména fibrotizace, relativné malé je riziko vzni-
ku psychiatrickych komplikaci (1). Vysoce pozitivni
vliv ma na sexualni funkce, zejména u muzd, jejichz
hyperfunkce vSak nékdy mize byt obtézujici. V sou-
¢asnosti je podavan malo, jako tzv. lék druhé volby,
kv(ili opakované prokazanym fibrotizacim srde¢nich
chlopni u pacientd uzivajicich pergolid.

Pramipexol je non-ergolinovy agonista, ktery je
charakterizovan vysoce selektivni afinitou k D2 re-
ceptorlim a éastecnou afinitou i k receptoriim D3. Je-
ho polo€as je uddvan mezi 8-12 hodinami. Je dobfe
Castéji popisovanymi nezadoucimi Ucinky jsou orto-
statickd hypotenze a psychiatrické komplikace. Rizi-
kem je schopnost vyvolat syndrom n&hlého usnuti,
ale jednd se patrné o skupinovy efekt. Nastupce této
molekuly, sumanirol, s jeSté lepsimi charakteristika-
mi, doplatil na zménu vlastnika licence pozastave-
nim vyvoje.

Ropinirol je nejmoderngj§im Siroce uzivanym
peroralnim preparatem ze skupiny agonistd dopami-
nu. Jednd se opét o non-ergolinovy preparat, vysoce
selektivniho D2 a D3 agonistu. M& pomérné dlou-
hy biologicky polo¢as (nékteré prameny uvadeji az
18 hodin) a je dobfe G¢inny i v nizdich davkach, vét-
Sinou se ale terapeutické davky pohybuji v rozmezi
7,5-15mg denné, ve velkych studiich byla jako do-
statecné efektivni primérnd davka uvadéna denni
davka 16mg. U ropinirolu je popisovana velmi niz-
ka incidence nezadoucich Ucinki psychiatrického
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charakteru, fibrézni zmény patrné nezpasobuje vi-
bec. Castgji se miize objevit ortostaticka hypotenze.
Obecné v8ak ma ropinirol ze vSech agonistd nej-

Apomorfin je patrné nejstarsi klinicky uzivany
preparat z této skupiny, jedné se o velmi potentniho
a piimého agonistu receptor(i D1 a D2. Jeho chemicka
struktura je velmi blizka struktufe endogenniho dopa-
minu. Jeho nevyhodou je nutnost parenterainiho po-
dani (velmi rychle je totiz metabolizovan v zazivacim
traktu) a velmi krétky biologicky polo&as, udavany mezi
50-70 minutami. Lze jej pouzit ve formé kontinudlnich
subkutannich infuzi, nebo ve formé jednorazovych,
tzv. ,rescue” injekcei u pacientd s Castymi, nepfedvida-
telnymi a invalidizujicimi OFF zvraty. Vzhledem k vyse
stavy pokrocilé Parkinsonovy nemoci.

U véech dopaminovych agonistl patfi k postran-
nim Gcinklim ob&asna denni spavost a moznost na-
hlého usnuti, tzv. sleep attacks (4). V minulosti byly
popsany pfipady téchto nahlych usnuti u pacient fi-
dicich osobni viiz. Na tuto skutecnost (jak je vyse
uvedeno, spoleénou pro vSechny dopaminergni pre-
paraty) je potfeba pacienta pfed zahdjenim Iécby
upozomit a dikladné s nim diskutovat nutnost ome-
zeni fizeni vozu a podobnych aktivit.

C. Inhibitory
katechol-O-metyl-transferazy (COMT)

Tyto preparaty byly vyvijeny se zdmérem napo-
dobit efekt dopa-dekarboxylazy a inhibitord monoa-
minooxidaz, a zablokovat dalsi cestu metabolického
rozkladu podané L-DOPA. Na periferii i v mozku je
L-DOPA (kromé jiného) metabolizovéna pravé timto
enzymem (COMT) (7). Preparaty Ize podavat pou-
ze v kombinaci s L-DOPA (jinak to nem& vyznam).
V minulych letech byly do klinické praxe zavadény
dva preparaty.

Tolcapone ma mit kromé periferniho efektu
i efekt centralni. Preparat byl vysoce u¢inny, nic-
méné ziejmé nedokonaly design tzv. safety fazi kli-
nického zkouseni zplsobil, Zze po uvedeni do pra-
xe s nim byly spojeny 4 pfipady Umrti na fulminantni
jaterni nekrdzu. V celé Evropé byl preparét stazen
z trhu, v sou¢asné dobé je vice podavan za special-
nich podminek (kritéria, ¢asté kontroly apod.) jen ve
Spojenych statech a nékterych statech Jizni Ame-
riky, v Evropé byl nové registrovan v lofiském roce
a je mozné jej pfedepisovat, ale za podobnych bez-
pecnostnich kautel jako ve Spojenych stétech, mj. za
kontroly jaternich testl 1x tydné.

Entacapone pUsobi jako inhibitor COMT pouze
periferné, nicméné jeho ucinnost je vysoka (5). Re-
dukce dévky L-DOPA pfi podavéni entacaponu byva
az 30-40%. Nezadouci U€inky jsou minimdlini, ¢as-
t&ji je popisovano jen oranzové zabarveni moci.
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V lofiském roce byl v Ceské republice registro-
véan novy preparat, ktery kombinuje L-DOPA, inhibitor
dopa-dekarboxylazu a inhibitor COMT pod ndzvem
Stalevo®, preparét je indikovan a hrazen pfi podava-
ni u pacientd s jiz pocinajicimi fluktuacemi klinického
stavu. V soucasné dobé probih klinicka studie, je-
jimz cilem je ovéfit efektivitu a bezpeénost podavani
preparétu Stalevo® u pacient( ve stabilizovaném sta-
vu bez fluktuaci, ktefi jsou Ié¢eni L-DOPA. Nejedna
se tedy fakticky o novy preparét ze skupiny inhibitor(i
COMT, ale jednd se o zcela novy preparat L-DOPA,
ktery byl vytvofen na zakladé stejné filozofie jako
puvodni preparaty L-DOPA: pokud néktery enzym
L-DOPA na periferii ¢i v CNS rozklada, je potfeba jej
inhibovat latkou, kterd je k L-DOPA v tableté pfidana.
Tou plvodni Iatkou byly carbidopa a benserazid, ny-
ni pfichazi dali inhibitor, entacapone. Pro pacienta
je uzivani L-DOPA v této formé velmi komfortni, pro-
toze odpada nutnost nékolikrat denné polykat 2 tab-
lety, protoZe U¢inné latky jsou soustfedény do tab-
lety jediné. Snadnost ,switch®, tj. pfechodu z dosud
uzivanych forem L-DOPA na Stalevo® u fluktuujicich
pacient, byla recentné ovéfena v nékolika velkych
klinickych studiich.

D. Dalsi preparaty, pouzivané
v |é¢bé non-motorickych pfiznaki
Parkinsonovy nemoci

Kromé motorickych pfiznakd je pokrocilé sta-
dium Parkinsonovy nemoci charakterizovano dal-
$imi symptomy, které jsou obrazem progrese ne-
moci i dlouhodobé 1é&by. V psychiatrické oblasti jsou
to typické parkinsonské halucinace a bludy, fidceji
fugy, deprese, Castéji kognitivni poruchy (pfitomné
ale Casto jiz v zadatku onemocnéni) a demence, kte-
ra findiné postihuje vice nez 90% pacientl. Haluci-
nace a bludy dobfe reaguiji na atypicka neuroleptika,
nejlépe patrné risperidon, clozapin nebo olanzapin.
V 1é¢bé deprese jsou uzivany vyhradné preparéty
ze skupiny SSRI, nejéastéji citalopram, escitalopram
a sertralin, protoze moznost kolize s ostatnimi pre-
paraty je u nich nejmensi (minimalni ovlivnéni cy-
tochromoxiddzového komplexu CP450 v jétrech).
V 1é¢bé demence byla nedévno prokdzéna dobra
efektivita a bezpec€nost rivastigminu a donepezilu.
Je potfeba zde poznamenat, ze efektivni davka ri-
vastigminu je pfi lé¢bé demence u Parkinsonovy ne-
moci vy$$i nez pfilé¢bé demence zplsobené Alzhei-
merovou nemoci, a méla by byt 9mg denné.

Z vegetativnich poruch jsou nejcastéji uvadény
hyperhidréza, ortostatickd hypotenze, hypersalivace
a obstipace. Hyperhidrdzu a ortostatickou hypotenzi
Ize ovlivnit pouze optimalizaci dopaminergni terapie,
ale hyperhidréza nereaguje vyraznéji na zadnou te-
rapii. Ortostéza je zhor§ovana zvySovanim davky
dopaminergni medikace a pacienty je nutno na tuto

109



PREHLEDNE CLANKY

skuteénost upozornit. Hypersalivace dobfe reaguje
na anticholinergni 1é¢bu, nej¢astéji je uzivan biperi-
den v davce do 2mg denné. Obstipace je obtizné Ié-
¢itelnd, nebot je zplsobena fakticky vegetativni de-
nervaci a na béznd laxativa reaguje $patné.

K 1éEbé behavioralnich poruch je nejéastéji po-
uzivana psychoterapie, pokud neni dostatecné efek-
tivni, je na misté podavani quetiapinu nebo olan-
zapinu.

3. Role agonisti dopaminu
a inhibitori COMT v Iéébé
pokrogéilé Parkinsonovy nemoci

Pokrogilé stadium Parkinsonovy nemoci je v za-
sadé charakterizovano rozvojem komplikaci nemoci
samotné i komplikaci [éCby. Jednd se o zaleZitost vy-
sostné individudini, u nékterych pacientd se mohou
komplikace objevit jiz po prvnich 3—4 letech terapie,
u nékterych pacientti nedojde k rozvoji komplikaci
nemoci i 1é¢by po dobu del$i nez napt. 7 let. Pato-
fyziologickou podstatou vzniku komplikaci je zmé-
na ,nastaveni“ dopaminovych receptorli ve striatu,
a to jak direktnich receptord nigrostriatalnich drah,
tak i receptorl zpétnovazebnych. Kromé toho se na
vzniku komplikaci podili i ,re-setting“ receptor(i cho-
linergnich, NMDA-receptord a nepochybné i ade-
nosinovych receptord.

Klinicky rozvoj komplikaci zahmuje manifestaci
tzv. ,wearing-off* fenoménu, kdy se zkracuje do-
ba efektu dévky dopaminergni [éCby, déle postupny
rozvoj ,on-off* fluktuaci, a koneéné rozvoj dyskinezi
nejriiznéjsiho typu : ,on", ,off*, ,peak-of-dose, ,end-
of-dose” a dyskinezi bifazickych (8). Kazdy z vyjme-
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novanych typl dyskinezi se miize manifestovat bud
samostatné, anebo se mohou riizné druhy dyskinezi
kombinovat. V kazdém pfipadé jsou dyskineze nej-
vice obtéZujicim typem komplikace progrese nemoci
i 16¢by a jejich eliminace ¢ minimalizace je pro pa-
cienta i lékafe nejvyznamnéjsim terapeutickym cilem
v pokrocilé, komplikované fazi Parkinsonovy nemoci.

Co se tyce role agonistl dopaminu a inhibitord
COMT v této fazi lécby, Ize zde shrout, Ze se tyto
komplikaci Parkinsonovy nemoci o nékolika krocich:
pfidat do léEby k L-DOPA agonistu dopaminu, anebo
pfidat inhibitor COMT (fakticky vyménit dosud uzi-
vanou formu L-DOPA za novou, inhibitor COMT jiz
obsahujici), anebo kombinovat oba postupy (10). Ci-
lem je ve vSech pfipadech snaha o tzv. kontinudlni*
stimulaci dopaminovych receptor( ve striatu a sna-
ha o redukci davky L-DOPA.

Je nezbytné zde poznamenat, ze dobrého
nastaveni antiparkinsonské terapie, zejména

Literatura:

jsou-li pouzivani agonisté dopaminu, nelze do-
sdhnout bez dokonalé kontroly stavu pacienta,
hodinu po hodiné, po dobu nékolika dnu. | kdyz
Ize pacienty instruovat o vedeni parkinsonského
deniku, tdaje z téchto deniki jsou téméF vzdy
zatizeny subjektivni chybou, kterd pohled Iékare
Zkresluje. (6). Proto se jako Zadouci jevi, aby vy-
Se uvedené zmény medikace v pfipadé objeveni
se motorickych komplikaci pokrocilé Parkinso-
novy nemoci byly provadény za hospitalizace.

doc. MUDr. Petr Kaovsky, CSc.

Centrum pro diagnostiku a 1é¢bu neurodegenerativnich
onemocnéni, Neurologicka klinika LF UP a FN Olomouc
. P. Pavlova 6, 77520 Olomouc

e-mail: petr.kanovsky@fnol.cz

1. Bilici A, Karadag B, Doventas A, Erdincler DS, Cetinkaya S, Ogut G, Tezcan V, Beger T. Retroperitoneal fibrosis caused by per-
golide in patient with Parkinson’s disease. Neth J Med. 2004; 62(10): 389-92.

2. Curran MP, Perry CM. Cabergoline: a review of its use in the treatment of Parkinson’s disease. Drugs. 2004; 64(18): 2125-41.
3. Jenner P. Pharmacology of dopamine agonists in the treatment of Parkinson’s disease. Neurology. 2002; 58(4 Suppl 1): S1-8.
4. Kaynak D, Kiziltan G, Kaynak H, Benbir G, Uysal O. Sleep and sleepiness in patients with Parkinson’s disease before and after
dopaminergic treatment. Eur Neurol 2005 Mar; 12(3): 199-207.

5. Paci C, Sanguigni S, Carboni T, Gobbato R, Curatola L. The use of entacapone in patients with advanced Parkinson’s disease:
2 years’ experience. Neurol Sci. 2003; 24(3): 197-8.

6. Reimer J, Grabowski M, Lindvall O, Hagell P. Use and interpretation of on/off diaries in Parkinson’s disease. J Neurol Neuro-
surg Psychiatry 2004, 75: 396—-4009. Verhagen Metman L. Recognition and treatment of response fluctuations in Parkinson’s di-
sease. Amino Acids 2002; 23: 141-5.

7. Schrag A. Entacapone in the treatment of Parkinson’s disease. Lancet Neurol. 2005; 4(6): 366-70.

8. Swope DM. Rapid treatment of ,wearing off“ in Parkinson’s disease. Neurology 2004, 62 (suppl. 4): S27-S31.

9. Verhagen Metman L. Recognition and treatment of response fluctuations in Parkinson's disease. Amino Acids 2002; 23: 141-5.
10. Widnell KL, Comella C. Role of COMT inhibitors and dopamine agonists in the treatment of motor fluctuations. Mov Disord.
2005; 20 Suppl 11: S30-7.

www.neurologiepropraxi.cz / NEUROLOGIE PRO PRAXI 2/2006

83



Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2009, 153(1):59-62. 59
© Z. Chovancova, P. Kanovsky, J. Dufek, M. Nevrly, P. Otruba

PERIPHERAL NERVE INVOLVEMENT AND SEVERITY OF MOTOR DISORDER
IN PARKINSON’S DISEASE: A CORRELATIONAL STUDY

Zuzana Chovancova*, Petr Kanovsky, Jaroslav Dufek, Martin Nevrly, Pavel Otruba

Department of Neurology, Faculty of Medicine and Dentistry, Palacky University Olomouc, and University Hospital Olomouc
Center for the Diagnosis and Treatment of Neurodegenerative Diseases, Czech Republic
e-mail: zuzana.chovancova@fnol.cz

Received: Sepember 22, 2008; Accepted: November 10, 2008

Key words: Parkinson’s disease/Polyneuropathy/Electromyography/Correlation

Background: The aim of thisstudy was to test the hypothesis that there is concomitant peripheral nerve involve-
ment in patients suffering from neurodegenerative disorders by correlating motor and peripheral nerve involvement
in Parkinson’s disease.

Methods and results: A total of 23 patients suffering from Parkinson’s disease diagnosed strictly according to the
UKPDBB criteria were examined. The group comprised 14 males (mean age: 57 years, mean age at onset: 51years,
mean duration of disease: 7 years, mean duration of dopaminergic treatment: 4 years) and 9 females (mean age: 67
years, mean age at onset: 63 years, mean duration of disease: 4 years, mean duration of dopaminergic treatment: 1 year).

Conclusion: Polyneuropathy was clinically present and confirmed using EMG examination in 10 patients (43.5 %),
5 males and 5 females. This suggests that the neurodegenerative process involves both the central and the peripheral

nervous system in Parkinson’s patients.

INTRODUCTION

Parkinson’s disease (PD) is a chronic neurodegen-
erative disorder stemming form a lack of dopamine in
the basal ganglia region. The deficit is due to decreased
dopamine transport to the striatum via nigrostriatal pro-
jections as a result primarily of the apoptotic death of
melanin producing cells in the midbrain substantia nigra
region.

PDI is also characterized by other morphological and
neurochemical changes reflecting gradual progression of
the disease. The recent so-called Braak staging system!
defines 6 stages of confirmed morphological involvement
of the central nervous system during the progression of
Parkinson’s disease. The 6 stages correlate with the clini-
cal condition as measured by the Unified Parkinson’s
Disease Rating Scale (UPDRS) and the Hoehn and Yahr
Scale. This clinicopathological correlation, mentioned in
the seminal work by Braak et al.!, is a reliable basis for
comparing CNS involvement in vivo and clinical manifes-
tations of Parkinson’s disease. In at least 3 stages (3, 4
and 5), the Braak system states that other than nigrostri-
atal or, more generally, brainstem structures are involved
as well. According to Braak et al., the neurodegenerative
process in Parkinson’s disease also affects other CNS
structures than those contained in the corticostriatal, ni-
grostriatal or olivonigral systems'-*

Other studies published several years ago suggest that
in a relatively high percentage of patients suffering from
neurodegenerative diseases, both the cortex and periph-
eral nerve system are affected.>®’ Parkinson’s disease
is where this involvement is most frequently document-
ed.>**8-11'The studies published so far consider the neuro-

degenerative process as a common cause of both central
and peripheral nervous system involvement®. Thus, it
would be logical to assume that the level of impairment
as indicated by the UPDRS score will also be subject to
this, in fact double, correlation, i.e. both correlation with
the Braak stage of involvement and correlation with the
presence or possibly severity of peripheral nerve system
involvement. To verify the hypothesis, the presented cor-
relation study was carried out.

PATIENTS AND METHODS

In the study, 23 patients suffering from Parkinson’s
disease were examined. Parkinson’s disease was diagnosed
according to the United Kingdom Parkinson’s Disease
Society Brain Bank criteria (UKPDBB)". The group com-
prised 14 males and 9 females. In males, the mean age
was 57 years, mean age at onset 51 years, mean duration
of disease 7 years and mean duration of treatment with
dopaminergic drugs 4 years. In females, the mean age
was 67 years, mean age at onset 63 years, mean duration
of disease 4 years and mean duration of dopaminergic
treatment 1 year.

Prior to neurophysiological examination, a complete
neurological assessment was performed in all patients, in-
cluding MRI brain scan, autonomic function assessment,
and biochemical, blood and cerebrospinal fluid analyses.

Subsequently, all patients underwent electromyogra-
phy (EMG) examination'>* comprising a nerve conduc-
tion study, H-reflex test and needle EMG. All tests were
performed using the Keypoint IV® system (Medtronic,
Tonstakken, Denmark).
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Table 1. Comparison of the stages of involvement
according to the Braak and Hoehn and Yahr scales.

Braak Hoehn and Yahr
1 0
2 0
3 1-2
4 2-3
5 3-4
6 4-5

The nerve conduction study measured motor conduc-
tion of the tibial and deep peroneal nerves and sensory
conduction of the superficial peroneal and sural nerves.
The needle EMG assessed the activity at rest, recruitment
and interference curve during maximum effort contrac-
tion. The EMG data were entered into an electronic
database and statistically processed using the StatSoft®
software.

RESULTS

The results are shown in Tables 2-4.

Of the 23 patients examined in the study, ten showed
clinical signs of polyneuropathy (decreased tendon and
periosteal reflexes in the lower limbs in any distribution,
muscular dystrophy, muscle weakness, hypoesthesia or
pallhypoesthesia in the lower limbs in any distribution,
subjectively reported dysesthesia or paresthesia in the
lower limbs in any distribution). This included 5 females
(55.5 %) and 5 males (35.7 %). In total, clinical signs of
polyneuropathy were present in 43.5 % of all patients.

Of the 23 patients, signs of polyneuropathy were de-
tected by EMG in 10 cases (43.5 %). (Those ten patients
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had a clinical signs of polyneuropathy). Polyneuropathy
was detected in 5 (55.5 %) out of the 9 examined females
and in 5 (35.7 %) of the 14 males. In all cases, these were
patients who had at least one of the above-mentioned signs
of polyneuropathy present at the time of previous clinical
examination. In males with confirmed polyneuropathy,
the mean CMAP latency and amplitude were 4.88 ms
and 4.04 mV, the mean SNAP latency and amplitude were
3.28 ms and 5.14 uV, and the mean H-reflex latency and
amplitude were 33.8 ms and 1.94 mV, respectively. In fe-
males with confirmed polyneuropathy, the mean CMAP
latency and amplitude were 4.46 ms and 3.82 mV, the
mean SNAP latency and amplitude were 2.28 ms and
4.10 uV, and the mean H-reflex latency and amplitude
were 31.94 ms and 1.52 mV, respectively.

The involvement was compared using the Hoehn and
Yahr Scale and Braak staging system. As a result, nine
patients (6 males, 3 females) were classified as Braak
stage 3. Of those, in only 1 male patient polyneuropa-
thy was revealed. Thirteen patients (7 males, 6 females)
were classified as stage 4, with polyneuropathy being
confirmed in 9 of them (4 males, 5 females). One male
patient without detected polyneuropathy was classified as
stage 5. There were no stage 6 patients.

DISCUSSION

The presence of polyneuropathy in neurodegenerative
diseases is a relatively new clinical fact. So far, in most
neurodegenerative diseases, polyneuropathy has not been
thought to be related to the underlying process. Only in
multiple system atrophy (MSA), symmetric polyneuropa-
thy in the lower limbs was considered a symptom support-
ing the diagnosis of MSA, in particular multiple system
atrophy of parkinsonian type (MSA-P).

In this study, polyneuropathy was documented in 10
(43.5 %) patients out of 23 patients suffering from
Parkinson’s disease, strictly diagnosed according to the

Table 2. Demographic and history data of the studied Parkinson’s patients.

Mean duration
Mean age Mean
Number . of treatment
R Mean age at the onset | duration of PD .
of patients with L-DOPA
of PD (years)
(years)
Females 9 67 63 4 1
- with EMG-verified PNP 5 69 64 5
- without EMG-verified PNP 4 64 61 2
Males 14 57 51 7 4
- with EMG-verified PNP 5 50 40 10
- without EMG-verified PNP 9 62 57 5

Key: EMG = electromyography
PD = Parkinson’s disease
PNP = polyneuropathy
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Table 3. CMAP, SNAP and H-reflex latency and amplitude values.

Males Females
Without EMG signs With EMG signs Without EMG signs With EMG signs
of polyneuropathy of polyneuropathy of polyneuropathy of polyneuropathy
(n=9) (n=95) (n=4) (n=95)
H-reflex L R L R L R L R
Latency (ms) 33.94 34.20 33.62 33.98 31.30 30.67 32.12 31.76
Amplitude (mV) 1.27 1.82 2.40 1.48 1.90 3.30 1.02 2.02
CMAP - tibial nerve
Latency (ms) 4.17 4.88 5.00 4.46
Amplitude (mV) 7.54 4.04 5.85 3.82
SNAP - sural nerve
Latency (ms) 3.48 3.28 3.62 2.28
Amplitude (uV) 6.65 5.14 6.05 4.10
SCV (m/s) 45.10 34.70 48.30 29.50
Key: L = left
R =right

CMAP = compound muscle action potential
SNAP = sensory nerve action potential
SCV = sensory nerve conduction velocity

Table 4. Presence of polyneuropathy in patients classified according to the Hoehn and Yahr Scale.

Number Polyneuropathy Polyneuropathy Braak
Hoehn and of patients Males Females stage
Yahr stage
males females yes no yes no
1.0 1 0 1 0 0 0 3
L5 2 2 0 2 0 2 3
2.0 3 1 0 3 0 1 3
25 3 4 2 1 3 1 4
3.0 4 2 2 2 2 0 4
35 0 0 0 0 0 0 5
4.0 1 0 0 1 0 0 5
4.5 0 0 0 0 0 0 6
5.0 0 0 0 0 0 0 6

UKPDBB criteria. Surprisingly, the proportion was higher
than that in the study by Pramstaller et al. focused on
MSA patients." This probably means that, similar to the
authors of previous studies who considered the underlying
pathological process in MSA to be the cause of polyneu-
ropathy as well, neurodegenerative processes (in a broad
sense) may be considered the cause of polyneuropathy
in our group of Parkinson’s patients. The mechanism
of peripheral neurodegeneration has not been explicitly
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described as yet which is understandable given the fact
that neurodegeneration of the CNS is also far from being
completely explained.

Another aim of the study was to correlate periph-
eral nerve involvement with the Braak staging system
outcomes. Although many neuropathologists object to
Braak’s concept of vertical progression of neurodegen-
eration, it is considered a plausible explanation of the
gradual progression of the clinical symptomatology of
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Parkinson’s disease by most of them. Similarly, the cor-
relation between the Hoehn and Yahr stage of clinical
involvement and the Braak stage is undoubtedly a con-
struct continuously verified since the seminal work by
Braak et al. was published in 2003. From a heuristic point
of view, however, this is an extremely important shift in
understanding the interrelations between morphological
changes in the CNS and clinical symptomatology in the
specific time domain of the development of a pathological
process. Therefore, extraordinary attention should be paid
to the fact that polyneuropathy was detected in 9 out of
13 (i.e. nearly 70 %) patients with clinical involvement cor-
responding to Braak stage 4. This would mean that neuro-
degenerative process in the peripheral nervous system of a
particular individual begins only after the same process in
the CNS reaches a certain degree of progression. In other
words, the extent of apoptosis and the existing neurode-
generative process increases to a point that besides cen-
tral structures, peripheral structures are affected as well.
Finding more significant peripheral nerve involvement
in patients with more severe Parkinson’s disease would
surely support this preliminary hypothesis. Therefore,
more research and longer observation of a larger group
of patients are needed, including individuals suspected of
having stages 5 and 6 involvement. That is, more patients
with the most advanced form of Parkinson’s disease, with
clinical involvement equivalent to stages 4 through 6 of
the Hoehn and Yahr Scale.
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KRATKE SDELENI

Laboratorni ukazatele neurodegenerace
v likvoru a mira motorického postizeni
u Parkinsonovy nemoci: korelacni studie

Laboratory Markers of Neurodegneration in Cerebrospinal Fluid
and Degree of Motor Involvement in Parkinson Disease:

A Correlation Study

Souhrn

Parkinsonova nemoc (PN) je chronické progredientni neurodegenerativni onemocnéni.
U pacientl s timto onemocnénim dochazi procesem neurodegenerace k morfologickym
a neurochemickym zménam centralniho nervového systému, které jsou vyjadreny postup-
nou progresi nemoci. Tzv. Braak(v koncept déli toto postizeni do 6 stupfid a ty uvadi do
korelace s klinickym stavem, hodnocenym pomoci Hoehnovy-Yahrovy stupnice. Zaroveri je
znamo, Ze neurodegenerativnim procesem dochdzi k elevaci urcitych laboratornich ukaza-
teld v likvoru. Cilem predkladané studie bylo stanoveni koncentraci neurodegenerativnich
ukazatelt v likvoru u pacientd s PN a u kontrolni skupiny jedinct, a déle zjistit, zda
v podskupiné pacientd s PN existuji korelace mezi témito hladinami a délkou trvani one-
mocnéni ¢i mirou motorického postizeni vyjadfeného Hoehnovou-Yahrovou stupnici. Do
studie bylo zafazeno 32 pacientl s PN a 20 jedinc(l bez pfiznakl neurodegenerativniho
onemocnéni jako kontrolni skupina. U v3ech jedincl byly stanoveny hladiny tau-proteinu,
beta-amyloidu(; 45 a cystatinu C v likvoru a dale vypocitan index tau-protein/beta-amy-
loidj_4z)- U pacientl s PN byly zjistény signifikantné vyssi hladiny tau-proteinu v likvoru
oproti kontrolni skupiné (p = 0,05). Déle byly u pacientt s PN do 2 let trvdni nemoci zjistény
signifikantné vy3si hladiny tau-proteinu v likvoru (p = 0,03) a vy3si hodnoty indexu tau-pro-
tein/beta-amyloid_4, (p = 0,01) oproti pacientiim s délkou trvani nemoci nad 2 roky. Ne-
byla prokézéna korelace hladin tau-proteinu v likvoru s tizi motorického postizeni vy-
jadreného Hoehnovou-Yahrovou stupnici. Ostatni sledované hodnoty nevykézaly Zadnou
korelaci s diagndézou, délkou trvani onemocnéni ¢i tizi motorického postizeni. Vysledky pro-
vedené studie svédci o prinosné roli stanoveni tau-proteinu v likvoru jako laboratorniho
ukazatele pfitomnosti neurodegenerace u pacientd s PN, a to zvlasté u pacientti s délkou
trvani onemocnéni do 2 let od prvniho projevu klinickych pfiznaku.
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Abstract

Parkinson disease (PD) is a progressive degenerative illness of the nervous system. Patients with this illness undergo a progress of neuro-
logical degeneration leading to morphological and neurochemical changes in the central nervous system. The Braak concept divides this
pathology into six stages which are correlated with clinical assessment using the Hoehn-Yahr scale. The severity of neurodegeneration is
known to correlate with certain laboratory indicators in CSF. The aim of this study was to assess tau-protein, beta-amyloid;; 4, and cysta-
tin C CSF levels in patients suffering from PD and in the control group and to compare CSF levels between these two groups and corre-
late to both the duration and severity of motor impairment in PD. Tau-protein, beta-amyloid;_4,) and cystatin C in CSF were assessed and
the tau-protein/beta-amyloid; 4, ratio was calculated in 32 patients suffering from PD and in a control group (CG) of 20 patients. The
following statistically significant differences in the CSF were found: higher tau-protein levels in PD patients versus CG (p = 0.05), higher
tau-protein levels (p = 0.03) and tau-protein/beta-amyloid;_4, ratio (p = 0.01) in PD patients with duration less than 2 years vs. PD with
duration more than 2 years. No significant correlation was found between the tau-protein CSF levels and the severity of motor manifesta-
tion of PD. No difference in levels of beta-amyloid;_4,) and cystatin C in CSF was found in the CG and PD patients groups. Presented study
indicates an important role for the tau-protein CSF level evaluation as a marker of neurodegeneration in PD patients, especially within the

first two years of the appearance of clinical symptoms.

Uvod
Parkinsonova nemoc (PN) je chronické neu-
rodegenerativni onemocnéni, u kterého je
hlavni poruchou deficit dopaminu v ob-
lasti bazalnich ganglii. Deficit je zptso-
ben snizenym transportem dopaminu do
oblasti striata cestou nigrostriatalnich pro-
jekci a jeho prvotni pficinou je apopto-
ticky zanik melaninovych bunék v oblasti
substantia nigra v mezencefalu [1].

Podstatou patofyziologie PN je funkéni
defekt bilkoviny zvané alfa-synuklein, ¢imz
se PN fadi mezi synukleinopatie. V postize-
nych neuronech u PN nachazime Lewyho
téliska, coz jsou intraneurondini inkluze
v cytoplazmé blizko jadra. Lewyho téliska
jsou slozena z raiznych proteing, pro dia-
gnostiku je nejdulezitéjsi pritomnost ubi-
kvitinu, proteinu p62 a alfa-synukleinu. Vy-
sledky nedavno zverejnénych studif svédci
o tom, Ze soucasti Lewyho télisek je i de-
generovany tau-protein, ktery navic po-
tencuje degeneraci alfa-synukleinu a timto
se podili na patogenezi PN [2-5].

Kromé vyse popsané poruchy jsou ale
u PN popisovany dalsi morfologické a neu-
rochemické zmény, které jsou spojeny s po-
stupnou progresi nemoci. Neddvno pub-
likovany tzv. Braak(v koncept [6,7] uvadi
6 stupnl prokazaného morfologického
postizeni centralni nervové soustavy v prd-
béhu progrese PN, pficemz téchto 6 stupid
koreluje s klinickym stavem, ktery je mozno
vyjadfit hodnotami Hoehnovy-Yahrovy
stupnice. Podle této koncepce jsou v pra-
béhu PN postihovany v podstaté viechny
struktury centralni nervové soustavy (CNS).

Morfologické zmény tkadni CNS podle
Braakova konceptu jsou pusobeny re-
lativné pomalu progredujicim neurode-
generativnim procesem. Zaroven tento
koncept pocita s tim, Ze mira neurodege-
nerativniho procesu koreluje s tizi moto-
rického postizeni [8].

Je zndmo, Ze neurodegenerace souvisi
s pfitomnosti urcitych laboratornich uka-
zatelt v likvoru. Lze predpokladat, Ze mira
motorického postizeni u PN hodnocena
pomoci Hoehnovy-Yahrovy stupnice by
mohla souviset s urcitou koncentraci neu-
rodegenerativnich ukazatell (tau-protein,
beta-amyloid; 4, cystatin C) v likvoru.

Cilem predklddané studie bylo stano-
ven( koncentraci neurodegenerativnich uka-
zatelQ v likvoru u pacientt s PN a u kon-
trolni skupiny jedinct a dale zjistit, zda
v podskupiné pacientl s PN existuji kore-
lace mezi témito hladinami a délkou tr-
vani onemocnéni ¢i mirou motorického
postizeni vyjadifeného Hoehnovou-Yah-
rovou stupnici.

Tau-protein

Tau-protein se za normélnich podminek
podili na integrité bunécného cytoskeletu.
Pokud dojde k jeho nadmérné fosforylaci,
jak k tomu dochézi u fady neurodegene-
rativnich onemocnéni véetné PN, pak do-
chazi k poruse integrity buriky, ztraté jeji
fyziologické funkce, az k bunécné smrti.
QOcekavané hodnoty tau-proteinu v likvoru
u zdravych jedincd jsou kolem 160 ng/l
(ng/l = nanogram/litr).

Beta-amyloid

Beta-amyloid je tvofen z amyloidového
prekurzorového proteinu (APP). APP je sté-
pen bud alfa-sekretdzou a produktem je
SAPPa, u néhoz se predpoklada, ze ma
neuroprotektivni vyznam, a nebo beta-amy-
loid $tépicim enzymem (BACE), ¢ili beta-
-sekretdzou a v nasledném kroku gama-
-sekretdzou a produktem Stépeni je beta-
-amyloid40 a beta-amyloid42. Ty tvori po
agregaci jadro neuritickych plak. Nasle-
duje kaskada dalSich procest, napf. oxi-
dativni stres, cytotoxické jevy a zanétliva
odpoved’ a vysledkem je zanik neuronu
a rozvoj demence. Snizena hladina beta-
-amyloidu v likvoru je nalézana u pacientt
s Alzheimerovou demenci [9,10] ¢i u pa-
cientd s PN s demenci [9]. Ocekdvané
hodnoty beta-amyloidu v likvoru u zdra-
vych jedincl jsou kolem 850 pg/ml a pro
hodnoceni degenerace se vyuziva spise
nez prosté stanoveni s vyhodnou index
tau-protein/beta-amyloid [11].

Cystatin C

Cystatin C je inhibitor cysteinovych proteaz,
které hraji dllezitou roli napf. v procesu
traveni potravy, aktivaci komplementu ci
krevni koagulaci. Cystatin C se Ucastni pro-
cesu neurondlni degenerace a reparace
centralniho nervového systému tak, ze
v mozku pravdépodobné inhibuje aktivitu
katepsinu L v astrocytech, ktery spolu
s katepsinem S patfi ke klicovym kompo-
nentdm regulace imunitniho potenciélu
astrocytl a mikroglie. Dale je cystatin C po-
dle soucasnych znalosti povazovan za
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amyloidogenni protein, ktery se vyskytuje
spolecné s beta-amyloidem ve sténach
arteriol u pacientt s Alzheimerovou de-
menci. Diky zvy3eni koncentrace cysta-
tinu C v urcitych tkanich & systémovém
obéhu dochézi napf. k precipitaci amy-
loidu v cerebralnich cévach, cerebralnim
hemoragiim a akcelerované ateroskleréze
[12,13].

Pacienti a metodika

Skupina vysetfovanych

Studie byla schvdlena Ustavni etickou ko-
misi a vsichni pacienti podepsali informo-
vany souhlas.

V rdmci studie bylo vy3etfeno 32 pa-
cientd trpicich PN bez pfiznakd demence,
9 Zen, 23 muzd, ve véku 29-77 let, pra-
mérny vék 59,9 = 11,96 let, primérny
veék na zac¢atku onemocnéni byl 55,2 +
+ 12,77 let, primérnd doba trvani ne-
moci 4,4 + 3,6 let. 12 pacientl bylo léceno
L-dopou, primérna davka byla 492,3 +
+ 137,2 mg denné, primeérna doba trvani
terapie L-dopou byla 3,92 + 3,4 let.

Jako kontrolni skupina bylo vysetfeno
20 pacientt, 9 Zen, 11 muzl, ve véku
32-73 let, prameérny vék 51,2 + 10,74 let.
Kontrolni skupinu tvofilo 6 pacientt s ver-
tebrogennim onemocnénim, 6 pacientl
s psychogennimi poruchami, 3 pacienti po
cévni mozkové piihodé, 2 pacienti s ten-
zni cefaleou, 2 pacienti s diabetickou
neuropatii a 1 pacient po boreliové in-
fekci. Diagndza PN byla stanovena podle
kritérii United Kingdom Parkinson’s Di-
sease Society Brain Bank [14]. Kognitivni
deficit byl vyloucen psychologickym vy-
etfenim, jehoz soucasti byl Mini Mental
Status Examination (MMSE). U vsech pa-
cientll byly vySetfeny hladiny tau-pro-
teinu, beta-amyloidug_4,) a cystatinu C
v likvoru.

Laboratorni vysetreni

a technika nabéru likvoru

Likvor byl zisk&van cestou lumbaini punkce,
kterd byla provadéna za obvyklych steril-
nich kautel pfi poloze vySetfovaného vsede,
vpich byl sméfovan do meziobratlového
prostoru L4/5. PFi punkci bylo odebirano
celkem 10 ml likvoru do sterilni zkumavky.
Po odbéru byl likvor vysetfen morfolo-
gicky a centrifugovan (10 min pfi 1 100 g

Tab. 1. Demograficka data.

Parkinsonova Kontrolni Statisticka
nemoc skupina vyznamnost
zeny 9 (28,1 %) 9 (45 %) 0,22
muZi 23 (71,9 %) 11 (55 %)
vék — primér + sméro-
datna odchylka (roky) 59,9 + 11,96 51,2 + 10,74 0,010

a )’ test, bdvouvybérovy t-test

pri 4 °C). Z ¢asti vzorku byly stanoveny
hladiny cystatin C, druha ¢ast byla zamra-
Zena pfi—80 °C a do 10 tydnt od zamra-
Zeni byla v sérii u viech osob zméfena kon-
centrace celkového tau-proteinu (ELISA, Bio-
source, Velka Britanie), beta-amyloidu; 4z
(ELISA, Innogenetics, Belgie) a cystatinu C
(ELISA, Biovendor, Ceska republika). Ana-
lytické charakteristiky vSech ELISA metod
pfi verifikaci Gdaj vyrobce byly uspoko-
jivé (opakovatelnost i reprodukovatelnost
< 9 %). Soucasné byl u viech pacientt
proveden vypocet indexu tau-protein/beta-
-amyloid; 4y v likvoru [11].

Rozdéleni souboru na podskupiny
Pro hodnoceni sledovanych parametr( byly
vysledky porovndny mezi skupinou pa-
cientd s PN a kontrolni skupinou. V pod-
skupiné pacientt s PN byly dale vysledky
sledovanych ukazatell porovnavéany s mi-
rou motorického postizeni, vyjadieného
hodnotami Hoehnovy-Yahrovy stupnice.
Ke zjisténi korelace sledovanych ukazatelt
s délkou trvani onemocnéni byla podsku-
pina pacientt s PN rozdélena na pacienty
s délkou trvani nemoci do 2 let (v¢etné)
a nad 2 roky, hodnoty pak byly porovnény
mezi obéma skupinami.

Statistické zpracovani dat

Data byla zpracovana pomoci software
Medcalc (Belgie). Ke zjisténi rozdilt mezi
skupinou pacientl s PN a kontrolni sku-
pinou a dale v podskupinach pacientd
s PN byly pouZity pro kategorialni znaky
¥’ test, pro metrické parametry Studen-
tav t-test, resp. Manntv-Whitneydv test.
K posouzeni zavislosti hodnot mérnych
parametrd a Hoehnovy-Yahrovy stupnice
byla pouzita neparametricka Spearma-
nova korela¢ni analyza. Hodnota p < 0,05
byla povazovéna za statisticky signifikantni.

Neparametrické testy pro analyzu dat by-
ly pouzity z dGivodu nenormalni distribu-
ce parametrd (pro testy normality byl po-
uzit test Shapiro-Wilk), resp. z dtvodud
pfitomnosti extrémnich hodnot v datech.

Vysledky

PFi porovnani demografickych dat obou
skupin bylo zjisténo, ze skupiny maji ste-
jné zastoupeni obou pohlavi, avsak sku-
pina jedinct s PN je oproti kontrolni sku-
piné signifikantné starsi (p = 0,01) (tab. 1).

Bylo zjisténo, Ze jedinci s PN méli vy-
znamné vyssi koncentrace tau-proteinu
v likvoru oproti kontrolni skupiné (media-
ny 225 vs 197 ng/l; p = 0,05). Ostatni sle-
dované hodnoty se v obou skupinach vy-
znamné nelisily (tab. 2, graf 1).

U jedincl s PN s délkou trvani nemoci
do 2 let byly nalezeny vyznamné vyssi
koncentrace tau-proteinu v likvoru (me-
didny 263 vs 202 ng/l; p = 0,03) a vyssi
hodnota indexu tau-protein/beta-amy-
loidj_4p) (medidny 0,44 vs 0,23; p = 0,04)
oproti pacientlim s délkou trvani nemoci
nad 2 roky (tab. 3, graf 2). Ostatni sledo-
vané hodnoty se podle doby trvani ne-
moci vyznamné neliily.

U hladin tau-proteinu byla zjisténa ko-
relace s tizi motorického postizeni vyja-
dreného Hoehnovou-Yahrovou stupnici,
tato korelace vsak nedosahovala hladiny
statistické vyznamnosti (p = 0,07). U ostat-
nich sledovanych parametrd nebyla zjis-
téna souvislost s tizi motorického posti-
Zeni vyjadreného Hoehnovou-Yahrovou
Skalou (tab. 4).

Diskuse

V rdmci predkladané prace jsme proka-
zali vyznamné vys3si hladinu tau-proteinu
v likvoru u pacientd s PN oproti kontrolni
skupiné, coz koreluje s vysledky provede-
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Tab. 2. Porovnani sledovanych hodnot u pacientli s Parkinsonovou nemoci
vs kontrolni skupina pomoci neparametrického Mannn-Whitney testu.

SD — smérodatna odchylka

Parkinsonova Kontrolni Statisticka
nemoc skupina vyznamnost

tau-protein (ng/l) 225,0 197,0 0,05
median (minimum/maximum) (82/1 070) (102/389)
SD 181,7 62,0
beta-amyloid; _4,) (Pg/)) 685,1 826,1 0,06
median (minimum/maximum)  (232,1/1 470,9) (325,8/1 190,7)
SD 294,4 206,5
index tau-protein/ 0,29 0,25 0,08
beta-amyloid;_4,
median (minimum/maximum) (0,13/2,23) (0,10/0,47)
SD 0,47 0,08
cystatin C (mg/l) 3,51 4,22 0,12
medidn (minimum/maximum) (0,68/8,19) (2,34/8,63)
SD 1,87 1,35

1200
1000
= 800
()]
£
£ 600
°
a
E) 400 *
§ic]
200 L
1 1
0
T T
Parkinsonova  kontrola
nemoc

Graf 1. Porovnani hladin tau-proteinu
v likvoru u pacientt s PN vs kontrolni
skupina.

Tab. 3. Porovnani sledovanych hodnot u pacient s PN nemoci do 2 let
trvani nemoci (PN 1) vs trvani nemoci nad 2 roky (PN 2) pomoci nepara-
metrického Mannova-Whitneyova testu.

SD — smérodatnd odchylka

PN 1 PN 2 Statisticka
vyznamnost

tau-protein (ng/l) 263,0 202,0 0,03
median (minimum/maximum) (177-1070) (82-478)
SD 240,6 102,7
beta-amyloid,;_4,) (pg/l) 604,2 723,7 0,24
median (minimum/maximum) ~ (401,0-1282,6) (232,1-1470,9)
SD 256,6 317,7
index tau-protein/ 0,44 0,23 0,01
beta-amyloid;_4,
median (minimum/maximum) (0,24/2,23) (0,13/1,64)
SD 0,54 0,41
cystatin C (mg/l) 3,995 3,090 0,20
medidn (minimum/maximum) (0,68/8,19) (0,69/6,38)
SD 1,89 1,81

1200
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1 000
= 800
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E 400 T
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T T
do 2 let nad 2 roky

trvadni nemoci

nych studii o jeho spolupodilu na vzniku
onemocnéni, nekoreluje vsak s dfive pro-
vedenou studif u jedincl s PN bez priznak
demence [15]. Tento vysledek viak mlze
byt ovlivnén pravé tim, Ze skupina jedinct
s PN je signifikantné starsi [16].
Soucasné jsme prokézali signifikantné
vyssi hladinu tau-proteinu v likvoru u pa-
cientt s PN do 2 let od manifestace prv-

nich symptom@ nemoci. Tento fakt nas
ved| k hypotéze, ze k neurodegeneraci
pravdépodobné dochdzi v nejvétsi mite
(resp. Ze neurodegenerativni proces je
nejvice intenzivni) v pocate¢nim stadiu,
tj. tehdy, kdyz tize patologickych zmén
v mozku ,prolomi” hranici klinické mani-
festace. Dfive provedené studie prokdazaly
vy3si hladinu tau-proteinu u jedinct s PN

Graf 2. Porovnani hladin tau-pro-
teinu v likvoru u pacientt s PN do
2 let trvani nemoci vs s délkou
trvani nemoci nad 2 roky.

s demenci oproti jedincdim s PN bez pfi-
znakd demence [17]. Proto by bylo vhodné
u zafazenych jedinct s PN nasledné kli-
nicky sledovat jejich kognitivni deficit a zvy-
Seni hladiny tau-proteinu v likvoru jako
potencidlni ukazatel pozdéjsiho rozvoje
demence [18].

Limitaci studie vsak zUstava, Ze u jedincl
zarazenych do kontrolni skupiny mohl
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Tab. 4. Vyjadreni vztahu zavaznosti motorického postiZzeni u pacientt s PN hodnocené pomoci Hoehnovy-Yahrovy
skaly (H-Y) se sledovanymi hladinami uvedenych parametrd v likvoru (hodnoceno pomocni Spermannova kore-

la¢niho koeficientu).

Tau-protein Beta-amyloid; 4 Index tau/beta Cystatin C
korela¢ni koeficient (r) 0,31 0,06 0,15 0,13
oboustranna vyznamnost (c) 0,07 0,74 0,41 0,48

index tau/beta — index tau-protein/ beta-amyloid,;_y,

taktéz probihat blize neurceny neurode-
generativni proces, ktery u nich v dobé
odbeéru likvoru nebyl klinicky vyjadren.

Zaveér

Zavérem lze shrnout, ze stanoveni tau-
proteinu v likvoru lze povazovat za pfi-
nosny laboratorni ukazatel pritomnosti neu-
rodegenerace u pacientd s PN. Za cennou
povazujeme skutec¢nost, ze jsme proka-
zali jeho zvyseni predevsim u osob, u kte-
rych trvd nemoc 2 roky a méné od prvniho
projevu klinickych pfiznakd. Stanoveni
beta-amyloiduy;_4,) ani cystatinu C se u na-
Seho souboru pacientt s PN neosvédcilo.
Stejné tak se ndm nepodafilo prokazat
ani vyznamnou souvislost mezi uvede-
nymi ukazateli a stupném motorického
poskozeni.

V soucasnosti asi nedokdzeme jedno-
znacné fici, zda BraakUv staging progrese
Parkinsonovy nemoci do detailu odpovida
skutecnosti, a to jednoduse proto, Ze po-
¢atecni stupné stagingu (tj. I-lll) budou
moci byt jen velmi obtizné klinicko-pato-
logicky korelovany u vice pfipadd, pokud
vibec. Vysledky nasi studie zatim ne-
svédci ve prospéch hypotézy, Ze hladina
neurodegenerativnich markerd v likvoru
pacientd s PN koreluje s tiZi jejich moto-
rického postizeni, hodnoceného pomoci
Hoehnovy-Yahrovy stupnice.
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Abstract Parkinson’s disease (PD) is a chronic, progres-
sive, neurodegenerative disease with a multifactorial etiol-
ogy. Protein accumulation is speculated by some to play a
prominent role in the pathogenesis of PD. The severity of
neurodegeneration should correlate with cerebrospinal fluid
(CSF) levels of these neurodegenerative markers (NDMs).
The aims of the study were to assess the CSF levels of tau
protein, beta-amyloid (1-42), cystatin C, and clusterin in
patients suffering from PD and in a control group, to compare
the CSF levels between the two groups and to correlate
them to PD duration. NDMs in the CSF were assessed in
32 patients suffering from PD and in a control group (CG) of
30 patients. The following statistically significant differ-
ences in the CSF were found: higher tau protein (p = 0.045)
and clusterin levels (p = 0.004) in PD patients versus CG;
higher tau protein levels (p = 0.033), tau protein/beta-
amyloid (1-42) ratio (p = 0.011), and clusterin (p = 0.044)
in patients suffering from PD for <2 years versus patients
suffering PD for more than 2 years. No differences between
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beta-amyloid (1-42) and cystatin C CSF levels were found in
the CG and PD patients groups. Significantly higher tau
protein and clusterin CSF levels in the group of PD patients
with disease duration of <2 years probably reflect the fact
that most neurodegenerative changes in PD patients occur in
the initial stage of disease.

Keywords Parkinson’s disease - Tau protein - Clusterin -
CSF - Neurodegeneration

Introduction

Parkinson’s disease (PD) is a chronic, progressive, neuro-
degenerative disease with a multifactorial etiology (Marras
and Lang 2008; Weintraub et al. 2008). Several mecha-
nisms have been implicated as crucial to PD pathogenesis:
oxidative stress (Alam et al. 1997), mitochondrial dys-
function (Schapira 2008), protein aggregation and mis-
folding (Cookson and van der Brug 2008), inflammation,
excitotoxicity, apoptosis and other cell death pathways, and
loss of trophic support. No one mechanism appears to be
primary in all cases of PD, and these pathogenic mecha-
nisms likely act synergistically through complex interac-
tions to promote neurodegeneration (Yacoubian and
Standaert 2009). The pathologic hallmark of PD is degen-
eration of dopaminergic neurons in the substantia nigra pars
compacta (SNc), resulting in depletion of striatal dopamine
(McNaught and Olanow 2006). Some surviving neurons
contain eosinophilic intracytoplasmic inclusions, or Lewy
bodies, which are in part composed of numerous proteins.
Protein accumulation is speculated by some to play a
prominent role in the pathogenesis of PD, and the appear-
ance of proteins in Lewy bodies tends to support this notion.
The neurodegenerative process in PD is not limited to the
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SNc, and neuronal loss with Lewy body formation also
occurs in other brain regions, which may account for both
motor and nonmotor features of the disease (Jenner and
Olanow 2006; Braak et al. 2003). An understanding of the
mechanisms underlying the development and progression
of PD pathology is critical for the development of neuro-
protective therapies. Currently, the therapy of PD is rather
symptomatic, and its neuroprotective effect is speculative.
Moreover, timing of the therapy onset remains controver-
sial. Demonstration of neurodegeneration in the early stage
of the disease should lead to consideration of timely therapy
with neuroprotective effect.

Neurodegeneration is known to be related to the presence
of certain biochemical markers in the cerebrospinal fluid
(CSF), tau protein and beta-amyloid (1-42) as markers of
protein dysfunction, cystatin C as amyloidogenic protein
and clusterin as preventive cell-death protein (Bibl et al.
2006; Mares et al. 2003). Therefore, the intensity of the
neurodegenerative process is thought to be related to par-
ticular concentrations of specific biochemical markers (tau
protein, beta-amyloid (1-42), cystatin C, clusterin) in the
CSF (Vranova et al. 2008, 2009). The presented study
aimed to document the neurodegenerative process using
determination of the concentrations of these markers in the
CSF of both PD patients and control subjects. In addition,
this study aimed to seek potential correlation between these
levels and the duration of the disease in PD patients.

Patients and methods
Study group

The study was approved by the institutional ethics com-
mittee and all patients signed an informed consent.

A total of 32 patients suffering from PD without signs of
dementia were examined: 10 females, 22 males, aged
37-77 years, mean age 59.9 4+ 11.26 years, mean age at
onset 55.2 &+ 12.77, mean duration of disease 4.4 &+
3.6 years. Twenty patients were treated with L-DOPA of
mean dose 492.3 £ 137.2 mg daily, mean duration of
treatment with L-DOPA 3.92 + 3.4 years.

The control group comprised 30 patients: 13 females
17 males, aged 33-79, mean age 58.8 £ 10.22 years. Of
those, 12 patients had vertebrogenic disease, 9 patients had
psychogenic disease, 5 had migraine, 2 patients had tension
headache, and 2 patients had diabetic neuropathy. Parkin-
son’s disease was diagnosed using the United Kingdom
Parkinson’s Disease Society Brain Bank criteria (Hughes
etal. 1992). Cognitive deficit was excluded by psychological
assessment involving the Mini-Mental Status Examination
(MMSE). In all patients, CSF levels of tau protein, beta-
amyloid (1-42), cystatin C, and clusterin were measured.
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Laboratory analysis and CSF sampling technique

The CSF samples were obtained by lumbar puncture per-
formed in the morning using a 20-gauge atraumatic spinal
needle under the usual sterile conditions, with the subjects
sitting and the needle being inserted between lumbar ver-
tebrae L4/L5. During each puncture, 10 ml of CSF was
collected in a sterile polypropylene tube and immediately
frozen at —80°C until analysis. Within 10 weeks of freez-
ing, in all subjects in the series, the concentrations of total
tau protein (ELISA, Biosource, Great Britain), beta-amyloid
(1-42) (ELISA, Innogenetics, Belgium), cystatin C (ELISA,
Biovendor, Czech Republic), and clusterin (ELISA,
Biovendor, Czech Republic) were measured. Analytical
characteristics of all ELISA methods when verifying the
manufacturers’ data were satisfactory (both repeatability
and reproducibility <9%). At the same time, the CSF tau
protein/beta-amyloid (1-42) ratio was calculated in all
patients (Stejskal et al. 2005).

Division of the group into subgroups

To evaluate the studied parameters, the results were com-
pared between the PD patient group and the control group
and then between PD patient subgroups.

We would like to correlate NMD levels with disease
duration, but it was impossible due to small patient sample
size. Our tertiary Movement Disorders center usually gets
referred either patients with suspicion for PD or patients
with advanced stage of PD. Therefore, our PD group
spontaneously divided into two subgroups with duration of
<2 and >2 years, and the values were compared between
these two groups.

Statistical analysis

Medcalc (Belgium) software was used for statistical analy-
sis. To determine differences between the PD patient group
and the control group as well as those in the subgroups of
patients with PD, the chi-square test was used for categorical
variables. Among continuous variables, Student’s ¢ test was
used for age with presumed normal distribution and non-
parametric tests for all other assessments. Mann—Whitney
test was used for comparing the groups, whereas the possible
dependence of values of metric parameters on age was
assessed by the non-parametric Spearman’s correlation
analysis. The p value <0.05 was considered to be statisti-
cally significant. The reason for using nonparametric tests
for data analysis was the abnormal distribution of parame-
ters (the Shapiro—Wilk test for normality), namely the
presence of extreme values in the data.
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Results

The comparison of demographic data in the two groups
showed that both sexes and ages are equally represented in
the groups. (Table 1). No correlation was found between
any studied parameter and age in both PD patient group
and control group.

The PD patients were found to have significantly higher
concentrations of CSF tau protein (median 225 vs.
194.5 ng/l; p = 0.045) and clusterin (median 9,004 vs.
4,668 1U/1; p = 0.004) than the control subjects (Fig. 1, 2).
The other studied parameters did not significantly differ
between the two groups.

Significantly higher levels of CSF tau protein (median
263 vs. 202 ng/l; p = 0.033), tau protein/beta-amyloid
(1-42) ratio (median 0.44 vs. 0.23 ng/l; p = 0.011), and
clusterin (median 1,0168.5 vs. 6,370.0 IU/1; p = 0.044)
were found in patients with <2 years since the first
symptoms had manifested (Fig. 3, 4).

Discussion

The presented study showed significantly higher levels of
CSF tau protein and clusterin in the PD patients when
compared with the control group. At the same time, sig-
nificantly higher levels of CSF tau protein and clusterin
were found in patients with <2 years since the first
symptoms had manifested.

Tau protein, under normal conditions, contributes to the
integrity of the cytoskeleton. Its excessive phosphorylation,
as in the case of numerous neurodegenerative diseases
including PD, results in impaired cell integrity, loss of its
physiological function, and even cell death. Inclusion of
tau protein is found with alpha-synuclein as a part of Lewy
bodies in patients with PD (Arima et al. 1999; Esposito
et al. 2007). Elevation of total tau protein CSF levels is
considered a marker of neurodegeneration. In presented
study, the presence of higher tau protein levels is in
accordance with the results of previous studies concerning
its contribution to the development of the disease, but does

Table 1 Demographic data

PD patients Controls p value
Females 10 31.3%) 13 (43.3%) 0.33*
Males 22 (68.8%) 17 (56.7%)
Age, mean =+ SD (years) 59.9 4 11.26 58.8 + 1022 0.67°

PD Parkinson’s disease, SD standard deviation
# Chi-square test

b Two-sample ¢ test
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Fig. 1 Comparison of tau protein in the CSF of PD patients and
controls
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Fig. 2 Comparison of clusterin in the CSF of PD patients and
controls
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Fig. 3 Comparison of tau protein in CSF of patients with PD
duration of <2 years (PD I) and >2 years (PD 2)
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Fig. 4 Comparison of clusterin in CSF of patients with PD duration
of <2 years (PD 1) and >2 years (PD 2)

not correlate with an earlier study carried out in individuals
suffering from PD without signs of dementia (Molina et al.
1997).

Clusterin, a heterodimeric glycoprotein, has been
described to attribute to many cellular physiologic func-
tions, including cell—cell interactions, complement inhibi-
tion, lipid transportation, cell survival, and apoptosis.
Clusterin, also called apoprotein J, is induced under cyto-
toxic conditions to protect cells from cytotoxic stress (Pucci
et al. 2008). It has been reported that clusterin is associated
with many degenerative diseases, such as Parkinson’s dis-
ease (PD), dementia with Lewy bodies (DLB), and multiple
system atrophy (MSA) (Sasaki et al. 2002). Higher clusterin
levels in PD patients bear witness to presence of cell-death
protective mechanism during neurodegeneration.

At the same time, significantly higher levels of CSF tau
protein and clusterin were found in patients with <2 years
of disease duration since the first symptoms had mani-
fested. This led to the hypothesis that the highest degree of
degeneration (i.e. the most intensive neurodegenerative
process) is likely to occur in the initial stage, i.e., when the
severity of pathological changes in the brain exceed the
threshold of clinical manifestation.

Earlier studies showed higher levels of tau protein in
patients with PD with dementia than in those with PD
without signs of dementia (Mollenhauer et al. 2006).
Therefore, the studied PD patients should be subsequently
clinically monitored for cognitive deficit to see whether
increased levels of tau protein in the CSF may serve as a
potential marker of the later development of dementia
(Fagan et al. 2007).

Nevertheless, the study has several limitations. The first
limitation is the small size of the PD patient group. The
other possible limitation (fairly rather improbable) of the
study is that an unspecified neurodegenerative process, not
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manifested clinically at the time of CSF collection, might
have been underway in the control subjects. Likewise in
the patients, we do not know the exact timing and evolution
of the underlying neurodegenerative process; so our timing
is related to symptom onset.

Conclusion

Determining the levels of tau protein in the CSF could be
regarded as a potential laboratory marker of the presence of
neurodegeneration in PD patients. Higher clusterin CSF
levels in PD patients demonstrate that during the neuro-
degeneration not only pro-apoptotic but also anti-apoptotic
mechanisms are presented. Higher clusterin and tau CSF
levels in PD patients with <2 years of disease duration also
support the hypothesis that the highest rate of degeneration
is likely to occur in the early stage of disease.

Conflict of interest The authors declare that they have no conflict
of interest.

References

Alam ZI, Jenner A, Daniel SE, Lees AJ, Cairns N, Marsden CD et al
(1997) Oxidative DNA damage in the parkinsonian brain: an
apparent selective increase in 8-hydroxyguanine levels in
substantia nigra. J Neurochem 69:1196-1203

Arima K, Hirai S, Sunohara N, Aoto K, Izumiyama Y, Ueda K et al
(1999) Cellular colocalization of phosphorylated tau- and
NACP/alpha-synuclein-epitopes in Lewy bodies in sporadic
Parkinson’s disease and in dementia with Lewy bodies. Brain
Res 843:53-61

Bibl M, Mollenhauer B, Esselmann H, Lewczuk P, Klafki HW,
Sparbier K, Smirnov A, Cepek L, Trenkwalder C, Riither E,
Kornhuber J, Otto M, Wiltfang J (2006) CSF amyloid-beta-
peptides in Alzheimer’s disease, dementia with Lewy bodies and
Parkinson’s disease dementia. Brain 129(Pt 5):1177-1187 ¢

Braak H, Del Tredici K, Riib U et al (2003) Staging of brain
pathology related to sporadic Parkinson’s disease. Neurobiol
Aging 24:197-211

Cookson MR, van der Brug M (2008) Cell systems and the toxic
mechanism(s) of alpha-synuclein. Exp Neurol 209:5-11

Esposito A, Dohm CP, Kermer P, Bihr M, Wouters FS (2007) alpha-
Synuclein and its disease related mutants interact differentially
with the microtubule protein tau and associate with the actin
cytoskeleton. Neurobiol Dis 26:521-531

Fagan AM, Roe CM, Xiong C, Mintun MA, Morris JC, Holtzman DM
et al (2007) Cerebrospinal fluid tau/beta-amyloid(42) ratio as a
prediction of cognitive decline in nondemented older adults.
Arch Neurol 64:343-349

Hughes AJ, Daniel SE, Kilford L, Lees AJ (1992) Accuracy of
clinical diagnosis of idiopathic Parkinson’s disease: a clinico-
pathological study of 100 cases. J Neurol Neurosurg Psychiatry
55:181-184

Jenner P, Olanow CW (2006) The pathogenesis of cell death in
Parkinson’s disease. Neurology 66:S24-S36

Mares J, Stejskal D, Vavrouskova J, Urbanek K, Herzig R, Hlustik P
(2003) Use of cystatin C determination in clinical diagnostics.



CSF markers of neurodegeneration in Parkinson’s disease

1181

Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub
147:177-180

Marras C, Lang A (2008) Invited article: changing concepts in
Parkinson disease: moving beyond the decade of the brain.
Neurology 70(21):1996-2003

McNaught KS, Olanow CW (2006) Protein aggregation in the
pathogenesis of familial and sporadic Parkinson’s disease.
Neurobiol Aging 27:530-545

Molina JA, Benito-Leon J, Jimenez-Jimenez FJ et al (1997) Tau
protein concentrations in cerebrospinal fluid of non-demented
Parkinson’s disease patients. Neurosci Lett 238:139-141

Mollenhauer B, Trenkwalder C, von Ahsen N, Bibl M, Steinacker P,
Brechlin P et al (2006) Beta-amyloid 1-42 and tau-protein in
cerebrospinal fluid of patients with Parkinson’s disease demen-
tia. Dement Geriatr Cogn Disord 22(3):200-208

Pucci S, Mazzarelli P, Missiroli F, Regine F, Ricci F (2008)
Neuroprotection: VEGF, IL-6, and clusterin: the dark side of the
moon. Prog Brain Res 173:555-573

Sasaki K, Doh-ura K, Wakisaka Y, Iwaki T (2002) Clusterin/
apolipoprotein J is associated with cortical Lewy bodies:

97

immunohistochemical study in cases with alpha-synucleinopa-
thies. Acta Neuropathol 104(3):225-230

Schapira AH (2008) Mitochondria in the aetiology and pathogenesis
of Parkinson’s disease. Lancet Neurol 7:97-109

Stejskal D, Vavrouskova J, Mares J, Urbanek K (2005) Application of
new laboratory marker assays in neurological diagnosis—a pilot
study. Biomed Pap Med Fac Univ Palacky Olomouc Czech
Repub 149(2):265-266

Vranova H, Kanovsky P, Mares J et al (2008) Laboratory markers of
neurodegeneration in cerebrospinal fluid and degree of motor
involvement in Parkinson’s disease: a correlation study. Cesk
Slov Neurol N 71/104(3):324-328

Vranova H, Nevrly M, Mares J, Nestrasil I, Stejskal D, Kanovsky P
(2009) Neurodegenerative markers in cerebrospinal fluid in
Parkinson’s disease. Neurology 72(11 Suppl.3):66

Weintraub D, Comella CL, Horn S (2008) Parkinson’s disease—part
1: pathophysiology, symptoms, burden, diagnosis, and assess-
ment. Am J Manag Care 14(2 Suppl):S40-S48

Yacoubian TA, Standaert DG (2009) Targets for Neuroprotection in
Parkinson’s Disease. Biochim Biophys Acta 1792(7):676-687

@ Springer



J Neural Transm
DOI 10.1007/s00702-011-0708-4

MOVEMENT DISORDERS - ORIGINAL ARTICLE

Tau protein and beta-amyloid;_4, CSF levels in different

phenotypes of Parkinson’s disease

Hana Prikrylova Vranova - Jan Mares - Petr Hlustik -
Martin Nevrly - David Stejskal - Jana Zapletalova -
Radko Obereigneru - Petr Kanovsky

Received: 3 January 2011/ Accepted: 20 August 2011
© Springer-Verlag 2011

Abstract Parkinson’s disease (PD) is a neurodegenera-
tive disorder with highly heterogeneous clinical manifes-
tations. This fact has prompted many attempts to divide PD
patients into clinical subgroups. This could lead to a better
recognition of pathogenesis, improving targeted treatment
and the prognosis of PD patients. The aim of the present
study was to obtain cerebrospinal fluid (CSF) samples in
PD patients and to search for a relationship between neu-
rodegenerative CSF markers (tau protein, beta-amyloid; 4,
and index tau protein/beta-amyloid; 4,) and the clinical
subtypes. PD patients were divided into three subgroups:
early disease onset (EDO), tremor-dominant PD (TD-PD),
and non-tremor dominant PD (NT-PD) according to the
previously published classification. Neurodegenerative
markers in the CSF were assessed in these three groups
of patients suffering from PD (EDO-17, TD-15, NT-16
patients) and in a control group (CG) of 19 patients
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suffering from non-degenerative neurological diseases and
18 patients with Alzheimer’s disease (AD). The NT-PD
patients were found to have significantly higher levels of
CSF tau protein and index tau/beta than the control subjects
and other Parkinsonian subgroups, but no significant dif-
ferences in these markers were found between AD and
NT-PD patients. In the context of more rapid clinical pro-
gression and more pronounced neuropathological changes in
the NT-PD patient group, our results corroborate the opinion
that CSF level of tau protein may be regarded as a potential
laboratory marker of the presence and severity of
neurodegeneration.

Keywords Parkinson’s disease subgroups - Tau protein -
Beta-amyloid;_4, - Index tau/beta - CSF

Introduction

The clinical manifestation of Parkinson’s disease (PD) is
very heterogeneous. Many papers proposing the division of
patients with PD into subgroups according to the clinical
manifestation have been published (Graham and Sagar
1999; van Rooden et al. 2010, 2011; Rajput et al. 2009). In
fact, the prospective and retrospective study and division of
PD patients into these subgroups could lead to the better
recognition of pathogenesis, thus improving targeted
treatment and the prognosis of PD patients.

Because a definitive PD diagnosis is a “post-mortem”
diagnosis, most studies focused on clinical manifestations
of PD are retrospective (Jellinger 2008, 2009). But two
prospective clinical studies have also used a cluster anal-
ysis of clinical data to divide patients into subgroups. The
first prospective study was Graham et al., who divided PD
patients into three subgroups: “motor only,” “motor and
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cognitive,” or “rapidly progressive” (Graham and Sagar
1999). But their inclusion of PD patients with advanced
stages could lead to the masking of clinical manifestations
and a resulting inaccurate division into subgroups.

Another prospective study of PD clinical manifestations
and history was performed by Lewis et al. (2005). Only
patients with an early stage of PD were included, hence
eliminating the masking of clinical pictures. Cluster anal-
ysis of the main symptoms—motor and cognitive distur-
bances, severity of manifestation, disease duration and
patient age—revealed four main subgroups: patients with
an earlier disease onset; a tremor-dominant subgroup of
patients; a non-tremor dominant subgroup with significant
levels of cognitive impairment and mild depression; and a
subgroup with a rapid disease progression but no cognitive
impairment.

The division into four main subgroups employed in the
Lewis et al. study was used in a retrospective clinico-
pathological study by Selikhova et al. (2009). In their
study, 242 patients with a pathologically verified PD
diagnosis were included. Based on the clinical features and
history, the patients were subdivided into four main sub-
groups, as defined in Lewis’s study. Patients with a primary
initial diagnosis of dementia were excluded, meaning
dementia at the time of diagnosis of PD or within 2 years
of the first symptoms. Post-mortem evaluation detected a
significantly higher occurrence of cortical Lewy bodies and
beta-amyloid plaques in the non-tremor dominant subgroup
of PD patients compared to the other subgroups. Moreover,
dementia was significantly more common in the non-tre-
mor dominant PD subgroup. The link between non-tremor
dominant PD and cognitive impairment analogous to
Lewis’s paper was demonstrated.

One of the main roles in the pathogenesis of neurode-
generative diseases, including Parkinson’s disease, is
played by specific proteins. Due to its close contact with
brain tissue, cerebrospinal fluid (CSF) is a potential source
of these markers of neurodegeneration in living patients.
Proteomic studies indicate that more than 10% of identi-
fiable proteins in CSF overlap with proteins detected in
samples from the cortex of the frontal lobes collected
during autopsies (Pan et al. 2007). On the other hand, in the
same study more than 20% of proteins detected in the
frontal cortex were detectable in CSF (Pan et al. 2007).
Pathological changes typical for Alzheimer’s disease (AD)
are a relatively frequent find in Parkinson’s patients (Mattila
et al. 1998, Selikhova et al. 2009). Moreover, recent studies
have shown in vivo that it is precisely alpha-synuclein that
is involved in the regulation of tau protein phosphorylation
and that during the mutation of alpha-synuclein associ-
ated with Parkinson’s disease, there is a stronger bond bet-
ween alpha-synuclein and the tau protein, stimulating its
phosphorylation and leading to the destabilization of
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microtubules (Qureshi et al. 2011; Esposito et al. 2007). As a
result of these conclusions, CSF markers, specifically tau
protein, phosphorylated tau protein and beta-amyloid,_4;,
which are more typical for AD, have been repeatedly studied
in PD. Most of the published studies have shown that AD
patients have higher levels of tau protein and phospho-tau
protein, lower levels of beta-amyloid; 4, and a higher tau
protein/beta-amyloid; 4, index (Sunderland et al. 2003;
Mattsson et al. 2009). It is thought that CSF beta-amyloid; 4,
levels decrease in AD due to the aggregation of soluble
extracellular beta-amyloid, 4, peptides in neuritic plaques,
while CSF tau protein and phospho-tau proteinl81 levels
increase due to their release from degenerating neurons
(Hu et al. 2010). Furthermore, this “trio” is often studied in
Parkinson’s patients with dementia (PDD) and in patients
with dementia with Lewy bodies (DLB). With these diseases
the aforementioned markers show, as opposed to the control
group without cognitive deficit, similar changes as in AD
(Bibl et al. 2006; Compta et al. 2009). A recent study showed
that Parkinson’s patients have a lower level of beta-amy-
loid; 4> in CSF, which is connected with a higher risk of
developing cognitive deficit (Siderowf et al. 2010). Another
study has shown that elevated levels of total tau protein
versus phosphorylated tau protein in CSF are not exclusively
specific to AD pathology (Hu et al. 2010). Elevated levels of
total tau protein in CSF were found, e.g., following cranio-
cerebral trauma (Ost et al. 2006; Blennow and N ellgfrd 2004)
and during strokes (Yao et al. 2008). It is, therefore, thought
that the level of total tau protein reflects an elevated release
of the structural proteins from damaged axons, dendrites,
synapses, and is related to cell death.

The aim of the present study was to obtain CSF samples
from PD patients and to search for a relationship between
neurodegenerative CSF markers (tau protein, beta-amy-
loid;_4, and index tau/beta) and the clinical subtypes to
highlight the potential of CSF analysis in vivo as a surro-
gate of post-mortem pathology. This would also support
the relationship between non-tremor dominant PD and the
development of cognitive impairment.

Patients and methods
Study group

The study was approved by the Institutional Ethics Com-
mittee, and all patients signed an informed consent. Only
patients with early stage of PD without signs of dementia
were included in the study. PD was diagnosed using the
United Kingdom Parkinson’s Disease Society Brain Bank
criteria (Hughes et al. 1992). Cognitive deficit was exclu-
ded by psychological assessment involving a battery tests
to assess memory functions (memory span for auditory
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working memory and Rey-Osterrieth complex figure for
visual memory), attention (Trail Making Test), intelligence
(WAIS-R) and executive functions [Trail Making Test
(Spreen and Strauss 1998), Tower of Hanoi (Goel and
Grafman 1995; Obereigneru et al. 2010)]. Psychological
examinations also included the mini mental status exami-
nation (MMSE), despite the fact that it is known to be
insufficiently sensitive to subcortical cognitive deficits.
CSF levels of tau protein and beta-amyloid; 4, were mea-
sured in all patients.

Laboratory analysis and CSF sampling technique

The CSF samples were obtained by lumbar puncture per-
formed under the usual sterile conditions, with the subjects
sitting and the needle being inserted between lumbar ver-
tebrae L4/L5. During each puncture, a total of 10 ml of
CSF were collected in a sterile test tube. Subsequently, the
CSF was morphologically assessed and centrifuged at
1,100g for 10 min at 4°C). Each sample was frozen to
—80°C, and the concentrations of total tau protein (ELISA,
Invitrogen, CA, USA) and beta-amyloid;.42) (ELISA, In-
nogenetics, Belgium) were measured with the Biorobot
DSX analyser (Dynex, USA) for all subjects in the series
within 10 weeks of freezing. The analytical characteristics
of all ELISA methods were satisfactory when verifying the
manufacturers’ data (both repeatability and reproducibility
<9%). At the same time, the CSF tau protein/beta-amy-
loid(;_42) ratio was calculated for all the patients (Stejskal
et al. 2005).

Tau protein

We measured the total soluble tau protein using ELISA
sandwich (IVD-CE). Samples were diluted with a dilution
buffer 1:1 (50 + 50 pl).

Sensitivity

The minimum detectable dose of tau was <12 ng/L. This
was determined by adding two standard deviations to the
mean OD obtained when the zero standard was assayed 30
times.

The concentration range of the calibration curve used
was 12-2,000 ng/L.

Precision

Intra-assay precision (coefficients of variation, CV) was
under 5.2%. Inter-assay precision (CV) was under 7.8%.

100

Linearity of dilution

Human CSF and a tissue culture medium containing 10%
fetal calf serum were spiked with tau and serially diluted in
standard diluted buffer over the range of the assay. Linear
regression analysis of samples versus the expected con-
centration yielded a correlation coefficient of 0.99 in both
cases.

Recovery
The recovery of tau added to human CSF averaged 94%.
Specificity

Buffered solutions of a panel of substances at 20 000 ng/L
were assayed and found to have no cross-reactivity:
beta-amyloid, 49, beta-amyloid; 45, alpha-synuclein, beta
synuclein.

Beta-amyloid, 4

We measured beta-amyloid; 4, with ELISA sandwich
(IVD-CE, solid-phase ELISA in with the amyloid peptide
is captured by a first monoclonal antibody. CSF samples
are added and incubated with a biotinylated antibody. This
complex is then detected by a peroxidase-labeled strepta-
vidin. Samples were not diluted.

Sensitivity

The minimum detectable dose of beta-amyloid; 4, was
<87 ng/L. This was determined by adding two standard
deviations to the mean OD obtained when the zero standard
was assayed 30 times.

Concentration range of the calibration curve used was
125-2,000 ng/L.

Precision

Intra-assay precision (CV) was under 3%. Inter-assay
precision (CV) was under 4.1%.

Linearity of dilution

Human CSF were spiked with beta-amyloid,_4, and serially
diluted in standard diluted buffer over the range of the
assay. When the calculated concentrations were plotted
against the obtained undiluted concentrations, no devia-
tions from linearity could be observed.
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Recovery

The recovery of beta-amyloid; 4, added to human CSF
averaged 96%.

Specificity

Buffered solutions of a panel of substances at 10,000 ng/L
were measured and found to have no cross-reactivity: beta-
amyloid, 43, beta-amyloid, 33, beta-amyloid; 39, beta-amy-
loid;_49, beta-amyloid, 45, and beta-amyloidg 3.

Division of the PD group into subgroups

Patients suffering from PD were divided according to
Lewis’s study in which PD patients are finally divided into
four subgroups: patients with an early disease onset; a
tremor dominant subgroup of patients, a non-tremor dom-
inant subgroup and patients with rapid disease progression
without dementia. The subgroups were defined as follows
(Lewis et al. 2005):

1. Earlier disease onset (EDO): disease onset below the
age of 55 years.

2. Tremor dominant (TD): aged 55 years and over at
onset; rest tremor as sole initial symptom or sustained
dominance of tremor over bradykinesia and rigidity.

3. Non-tremor dominant (NT): aged 55 years and over at
onset; predominantly bradykinetic motor features with
no or only mild rest tremor.

In the present study, only patients with a relatively early
phase of the disease were included, mostly with disease
duration of less than 5 years; therefore, no patients met the
criteria for inclusion in the fourth subgroup as defined by
Lewis et al. (2005)—patients with rapid disease progres-
sion. This classification was chosen because, as was men-
tioned above, most patients included in this study suffered
from an early stage of PD and usually had one main
dominant symptom. Therefore, the quite common mixture
type published, e.g., by Rajput et al. (2009), was not
detected in a corresponding number.

To evaluate the studied parameters, the CSF analysis
results were compared between the PD patient subgroups
and the control group of subjects without neurodegener-
ative disease (CG) and the control group of patients
suffering from AD. In the PD patient subgroups, the
values of the studied parameters were then compared with
the severity of motor impairment as staged by the Hoehn
and Yahr (HY) scale (Hoehn and Yahr 1967) and with
treatment. We decided to use the HY scale instead of the
Unified Parkinson’s Disease Rating Scale-Part III (UP-
DRS-III) because UPDRS-III values change depending on
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the time of day and medication, and we, therefore, did not
consider them relevant for this CSF analysis.

Statistical analysis

SPSS software version 15 (SPSS Inc., Chicago, IL, USA)
was used for statistical analysis. To determine differences
between the PD patient group and the control groups as
well as those in the subgroups of patients with PD and AD,
a Chi-square test or Fisher’s exact test for categorical
variables and the Mann—Whitney test with Bonferroni
correction for metric parameters were used. The depen-
dence between metric parameters and the HY scale was
assessed by the non-parametric Spearman’s rank correla-
tion analysis. Due to the multiple comparisons, the level of
significance was adjusted using Bonferroni correction so
that the first type of error did not exceed a value of 0.05.
The calculated significance value was, therefore, compared
to the corrected borderline significance level « = 0.05/10,
in which n = 10 is the number of tests performed. Tests
with a precisely calculated significance level of p < 0.005
were considered statistically significant.

Results

A total of 48 patients suffering from PD without signs
of dementia were examined: 17 with EDO-PD, 15 with
TD-PD and 16 with NT-PD. The group of 17 patients
with EDO-PD contains 6 females and 11 males aged
29-55 years, with a mean age of 48.9 + 6.78 years, a
mean age of onset of 46.47 + 6.17 and mean disease
duration of 3.32 £ 2.65. Thirteen (76.5%) of the 17
patients with EDO-PD manifested as TD-PD. The mean
HY score was 1.59 £ 0.67; 6 of these patients were treated
with a levodopa equivalent dose (LED) with a mean of
541.7 £ 249 mg per day. The group of 15 TD-PD contains
8 females and 7 males aged 56-75 years, with a mean age
of 67.3 + 6.38 years, a mean age of onset of 64.96 + 5.38
and mean disease duration of 2.93 £ 2.07. The mean HY
score was 1.87 £ 0.59; 5 of these patients were treated; the
LED mean was 600.0 & 216.8. The group of 16 patients
with NT-PD contains 9 females and 7 males aged
57-73 years, with a mean age of 65.62 + 5.16 years, a
mean age of disease onset of 62.5 £ 5.3, a mean disease
duration of 3.25 £ 3.19 and a mean HY score of
1.78 £ 0.56. Five of these patients were treated; LED
mean was 590.0 £ 120.0.

The control group without signs of neurodegenerative
disease (CG) comprised 19 patients: 8 females and 11
males aged 33-79, with a mean age of 56.16 £
11.48 years. Of these, 11 patients had vertebrogenic dis-
ease and 8 patients had psychogenic disease.
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For comparative purposes, a group of 18 patients with
AD was also used (15 females and 3 males aged 56-79,
with a mean age of 68.44 & 9.24 years, a mean age of
disease onset of 66.5 & 7.65, a mean disease duration of
2.5 £ 1.06).

The comparison of demographic data in the four sub-
groups showed that the genders are equally represented in
the subgroups, but that the age of CG was significantly
lower than in TD-PD (p = 0.004), NT-PD (p = 0.005) and
in AD (p = 0.005). Among PD patients, those with early-
onset of PD were significantly younger than TD-PD
(p < 0.0001) and NT-PD (p < 0.0001).

No differences in disease duration and the severity of
manifestation scored by the HY scale were found among
all Parkinsonian subgroups.

CSF marker levels in different subject groups are illus-
trated in Figs. 1, 2, 3, 4, 5, 6, 7 and in Table 1.

The NT-PD patients were found to have significantly
higher levels of CSF tau protein (p < 0.0001) and index of
tau protein/beta-amyloid; 4, (p < 0.0001) than the CG.
Significantly higher tau protein was found in patients with
NT-PD compared to EDO-PD (p = 0.0002) and TD-PD
(p = 0.001) (Fig. 1). A higher index of tau protein/beta-
amyloid; 4, was also found in patients with NT-PD com-
pared to EDO-PD (p = 0.0006) and TD-PD (p = 0.002)
(Fig. 2). CSF levels of beta-amyloid; 4, were found to be
lower in NT-PD patients than in the other investigated
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Fig. 1 Comparison of tau protein (ng/L) levels in the control subject
(CG), Alzheimer’s disease (AD) and Parkinsonian subgroups using
the Mann—Whitney test with Bonferroni correction. NT-PD patients
showed significantly higher tau protein CSF levels compared to the
CG (p < 0.0001), EDO-PD (p = 0.0002) and TD-PD (p = 0.001).
Significantly higher tau protein CSF levels compared to CG
(p < 0.0001) EDO-PD (p < 0.0001) and TD-PD (p = 0.0001) were
found in AD patients. No differences of tau protein CSF level were
found between AD and NT-PD (p = 0.214)
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subgroups, but the differences did not quite reach statistical
significance (EDO vs. NT, p = 0.105; TD vs. NT, p =
0.069) (Fig. 3).
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Fig. 2 Comparison of index tau protein/beta-amyloid; 4, (index tau/
beta) levels in the control subject (CG), Alzheimer’s disease (AD) and
Parkinsonian subgroups using the Mann—Whitney test with Bonfer-
roni correction. Significantly higher index tau/beta CSF levels were
found in NT-PD patients compared to the CG (p < 0.0001), EDO-PD
(p = 0.0006) and TD-PD (p = 0.002). Significantly higher index tau/
beta CSF levels were found in AD patients compared to CG
(p <0.0001) EDO-PD (p < 0.0001) and TD-PD (p < 0.0001). No
differences of index tau/beta CSF level were found between AD and
NT-PD (p = 0.01)
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Fig. 3 Comparison of beta-amyloid; 4, (ng/L) levels in the control
subject (CG), Alzheimer’s disease (AD) and Parkinsonian subgroups
using the Mann—Whitney test with Bonferroni correction. Lower beta-
amyloid,.4>» CSF levels were found in NT-PD patients compared to
the CG (p = 0.064), EDO-PD (p = 0.105) and TD-PD (0.069), but
the differences did not quite reach statistical significance. Signifi-
cantly lower beta-amyloid;_4, CSF levels were found in AD patients
compared to CG (p <0.0001), EDO-PD (p <0.0001), TD-PD
(p = 0.0001), but with borderline significance compared to TD-PD

(p = 0.0052)
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Fig. 4 The relationship between the severity of motor impairment in
NT-PD patients as measured by the Hoehn and Yahr scale (H-Y) and
the CSF levels of tau protein assessed by non-parametric Spearman’s
rank correlation analysis
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Fig. 5 Comparison of tau protein levels (ng/L) in Alzheimer’s
disease (AD) and Parkinson’s disease (PD) using the Mann—Whitney
test. The AD patients were found to have significantly higher levels of
CSF tau protein than all PD patients (p = 0.0001)

Furthermore, a close relationship between tau protein
CSF levels and the severity of motor manifestation scored
by the HY scale (p = 0.02) in NT-PD patients was found
(Fig. 4.). No other correlation of tau protein and beta-
amyloid; 4o was determined between the duration of the
disease and treatment.
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Fig. 6 Comparison of index tau protein/beta-amyloid;_4, levels in
Alzheimer disease (AD) and Parkinson’s disease (PD) using the
Mann—Whitney test. The AD patients were found to have significantly
higher levels of CSF index tau protein/beta-amyloid, 4, than all PD
patients (p < 0.0001)
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Fig. 7 Comparison of beta-amyloid; 4, (ng/L) levels in Alzheimer’s
disease (AD) and Parkinson’s disease (PD) using the Mann—Whitney
test. The AD patients were found to have significantly lower levels of
CSF beta-amyloid; 4, than all PD patients (p < 0.0001)

The AD patients were found to have significantly higher
levels of CSF tau protein (p < 0.0001 resp. p = 0.0001),
index tau protein/beta-amyloid; 4> (p < 0.0001 resp.
p <0.0001) and lower levels of CSF beta-amyloid; 4o
(» <0.0001 resp. p < 0.0001) than the CG and also than
all patients with PD. The following results were found
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Table 1 CSF levels of tau protein, beta-amyloid;_4, and index tau protein/beta-amyloid,; 4, of the study groups

CG EDO-PD TD-PD NT-PD AD
CSF tau protein (ng/L) 209.0 + 66.6 235.0 + 88.8 263.0 + 69.6 435.0 £ 2249 554.5 + 1874
median + SD (range) (129.0-350.0) (123.0-530.0) (177-396) (214-1,070) (220-897)
CSF beta-amyloid; 45 (ng/L) 829.7 + 2574 809.5 + 236.8 790.7 + 167.6 630.7 + 269.4 422.6 £ 165.3
median £+ SD (range) (413.6-1,264.6) (454.5-1,288.4) (530.4-1,094.5) (324.3-1,282.6) (257.5-840.1)
Index tau protein/beta-amyloid; 4,  0.28 £ 0.099 0.29 + 0.198 0.34 £ 0.116 0.55 + 0.683 1.50 £ 0.598
median + SD (range) (0.16-0.54) (0.13-0.98) (0.20-0.65) (0.26-2.36) (0.36-2.27)

SD stadard deviation

during a comparison of CSF levels of neurodegenerative
markers among AD patients and PD subgroups: signifi-
cantly higher levels of tau protein in AD patients compared
to EDO-PD (p < 0.0001) and TD-PD (p = 0.0001), but
not NT-PD (p = 0.214); significantly higher levels of
index tau protein/beta-amyloid; 4, compared to EDO-PD
(p <0.0001) and TD-PD (p < 0.0001), but not TD-PD
(p = 0.01); and significantly lower levels of beta-amyloid; 4,
compared to EDO-PD (p <0.0001) and TD-PD (p <
0.0001), but borderline significance of TD-PD (p = 0.0052;
Figs. 1,2,3 and 5, 6, 7.

Discussion

In this prospective study, some differences in CSF mark-
ers of neurodegeneration in PD subgroups were found.
PD patients were subdivided into subgroups on clinical
grounds according to the classification system based on a
previous cluster analysis (Lewis et al. 2005). Higher CSF
tau protein levels and higher index of tau/beta were found
in patients with NT-PD compared to the other Parkinsonian
subgroups. CSF levels of tau protein also showed a close
relationship with severity of motor manifestation scored by
the HY scale.

CSF levels showed no differences of tau protein and
index tau protein/beta-amyloid; 4, between AD patients
and NT-PD patients, but lower CSF levels of beta-amy-
loid; 4, with borderline significance were found in AD
patients compared to NT-PD patients.

Typical clinical manifestations of PD may include tre-
mor, rigidity, akinesia and postural instability. In the early
stage, one main symptom dominates the clinical image, and
this one often persists as the main symptom up to the
advanced stage (Williams and Lees 2009). During disease
progression, additional symptoms such as gait disturbances
or cognitive impairment change the clinical presentation
mask the original main symptom and in the end, the PD
clinical image may broaden to that of atypical Parkinsonian
syndrome.

To study PD pathogenesis and progression, it is advan-
tageous to reduce the clinical heterogeneity by dividing
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patients with PD on the one hand according to their main
common symptoms (Burn et al. 2006; Lyros et al. 2008) or
on the other hand according to their post-mortem patho-
logical findings and their retrospective comparison with
disease history (Buter et al. 2008, Paulus and Jellinger
1991). A combination of both approaches is presented in a
longitudinal clinical follow-up and autopsy study published
by Rajput et al. in 2009.

The more recent study by Lewis et al. (2005) used a
data-driven cluster analysis to divide PD patients into four
subgroups. The results of this study confirmed the exis-
tence of distinct subgroups of patients in the early clinical
stages of PD. This study also demonstrated a significantly
higher occurrence of cognitive impairment in patients the
NT-PD subgroup.

Lewis’s division of PD was used by the retrospective
clinicopathological study by Selikhova et al. The previ-
ously observed clinical association of the NT-PD form and
cognitive impairment was strengthened by the post-mortem
finding of significantly higher mean pathological grading
of cortical Lewy bodies and pathology characteristics for
AD in the brains of NT-PD patients (Selikhova et al. 2009).

A third alternative approach to evaluating and validating
PD subtypes is to complement the information on clinical
features with in vivo analysis of CSF markers of neuro-
degeneration. Out of the many studied CSF markers of
neurodegeneration, only a few have generally shown
clinical significance. Tau protein and beta-amyloid;_4, are
well-recognized markers typical for neurodegenerative
diseases, especially for diseases with signs of dementia
(Alves et al. 2010; Okonkwo et al. 2010; Compta et al.
2009).

Under normal conditions, tau protein contributes to the
integrity of the cytoskeleton. Its excessive phosphorylation,
as in the case of numerous neurodegenerative diseases
including PD, results in impaired cell integrity, loss of its
physiological function and even cell death (Lee et al.
2001). The inclusion of tau protein is found with alpha-
synuclein as a part of Lewy bodies in patients with PD
(Selkoe 2004; Clinton et al. 2010; Waxman and Giasson
2011). Increased levels of tau protein in the CSF are found
in patients with AD and PD patients with dementia (Rajput
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et al. 2006; Clinton et al. 2010; Jellinger et al. 2002; Arima
et al. 1999; Esposito et al. 2007). Increased CSF level of
tau protein was also found in PD patients with disease
duration of less than 2 years, which probably reflects the
idea that most neurodegenerative changes occur in the
initial stage of the disease (Pfikrylova Vranova et al. 2010).

Beta-amyloid is generated from the amyloid precursor
protein (APP). APP is cleaved either by alpha-secretase to
produce sAPP, assumed to have neuroprotective effects, or
by beta-amyloid cleaving enzyme, i.e., by beta-secretase
and subsequently by gamma-secretase, producing beta-
amyloidyy and beta-amyloid;_4,. These aggregate to form
the core of neuritic plaques. A cascade of other processes
follows, including oxidative stress, cytotoxic effects and
inflammatory response, resulting in neuronal death and
development of dementia. Decreased levels of beta-amy-
loid in the CSF are also found in individuals with AD or
PD patients with dementia (Bibl et al. 2006; Lashley et al.
2008; Mollenhauer et al. 2006; Fagan et al. 2007).

Prior to the study, we speculated that CSF levels of
neurodegenerative markers may also change in PD patients
without signs of dementia and that this potential alteration
might be useful as a prognostic marker. Therefore, we
decided to exclude PD patients with dementia.

As mentioned above, both higher CSF levels of tau
protein and lower levels of beta-amyloid; 4, were previ-
ously reported in PD patients with dementia. However, in a
more recent study, only lower CSF levels of beta-amyloid,_
4> and not higher CSF levels of tau protein were demon-
strated as a specific marker and predictor of cognitive
impairment in PD patients (Siderowf et al. 2010). In the
present study, markers among AD, CG and all PD patients
were also compared, and significantly higher CSF levels of
tau protein and index tau protein/beta-amyloid, 4, and
lower levels of beta-amyloid;4, were found in AD
patients, which is in agreement with the majority of pre-
viously published studies (Bibl et al. 2006). No differences
of statistical significance between CSF levels of tau protein
and index tau protein/beta-amyloid; 4, and lower CSF
levels of beta-amyloid; 4, with borderline significance
were found in AD patients compared to NT-PD patients.

We may, therefore, speculate that tau protein probably
reveals the degree of neurodegeneration, whereas beta-
amyloid; 4, is a more specific marker of cognitive
impairment. This role of tau protein would be supported by
the close relationship between tau protein CSF levels and
the severity of PD manifestation scored by the HY scale
observed in the present study.

In a similar manner, we interpreted the results of our
previous study (Prikrylovd Vranova et al. 2010), in which
higher CSF levels of tau protein were found in PD patients
with disease duration of less than 2 years. More extensive
neurodegeneration in NT-PD patients may also be deduced
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from the findings of more severe progression of the disease
course (Rajput et al. 2006) and more severe post-mortem
cortical Lewy body pathology reported by Selikhova et al.
On the other hand, these findings may also indicate the
presence of Alzheimer’s pathology in the NT-PD subgroup
from an early stage of the disease.

With ongoing disease progression, it is likely that accu-
mulating pathology will over time lead to the development of
a manifest cognitive deficit in this patient group. To cor-
roborate this suggestion, we need to include more patients in
the study and follow-up our NT-PD patients further with
repeated clinical and neuropsychological testing at yearly
intervals. Alternatively, the follow-up may also document
progression of disease or changing clinical presentation,
resulting in a change of the original PD diagnosis.

Conclusion

In this prospective study, a higher CSF level of tau protein
and index tau/beta were found in NT-PD patients compared
to other Parkinsonian subgroups. In AD patients, higher
CSF levels of tau protein and index tau protein/beta-amy-
loid;_4> and lower CSF levels of beta-amyloid; 4> com-
pared to CG, to all PD and to EDO-PD and TD-PD patients
were found. No differences were found between CSF levels
of tau protein and index tau protein/beta-amyloid; 4, in AD
patients compared to NT-PD patients, but lower CSF levels
of beta-amyloid; 4, with borderline statistical significance
were found in AD patients compared to NT-PD patients.
These findings probably corroborate the opinion that tau
protein is not a strictly specific marker for AD, but that it
may be regarded as a potential laboratory marker of the
presence and severity of neurodegeneration, which could
be also used as an auxiliary prognostic indicator.
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