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Parkinson Disease (PD) is a neurodegenerative disease associated with degeneration of
dopaminergic neurons in the basal ganglia. Parkinson disease is the second most common
neurodegenerative disorder, after Alzheimer disease (rev. in Chai and Lim, 2013). The analysis of
prevalence studies showed that there were 5 min PD patients in 2005, and there is expected increase to
9.3 min by 2030 (Dorsay et al., 2005). The main clinical indicators of PD are bradykinesia, postural
instability, muscle rigidity and resting tremor, good L-dope response and asymmetrical clinical
manifestation. There are two types of the pathology such as sporadic and familial forms of PD. 95% of
all cases rare sporadic, which means there are no causes that promote the disease development. This
review article aims to focus on PARK family of genes that are associated with Parkinson Disease
development. It describes possible underlying mechanisms and clinical manifestations of the genetically
predetermined Parkinson Disease form. To the present, there are huge amount of genes-candidates for
PD but this review focuses on genes that showed significant association on Genome Wide Association
Studies of PD genes as well as to describe briefly the clinical manifestations of different familial PD
forms.
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POJIb CEMEMCTBA NAPK-FEHOB B BOJIE3HU NAPKUHCOHA

A. A. AkaHoBa

"ocyaapcTBeHHbIM MeguumMHCKUn yHnBepceuteT ropoga Cemen, r. Cement, KazaxcraH
PhD pgoktopaHT 2 roga oby4yeHusi no cneyuansHocTn «MegnuymnHar

BonesHb [MapkuHcoHa (BI1) sBnsieTcs HelpoaereHepatuBHbIM 3ab0neBaHMEM, CBSI3aHHLIM C
[ereHepauyen LoaMUMHEPrNYECKNX HEMpOHOB B 0asanbHblX raHrusx. bonesHb [MapkuHCOHa
SBNSETCA BTOPbIM Hambonee pacnpoCTPaHEHHbIM HEMpodereHepaTMBHBIM PACcCTPOCTBOM, MOCHe
Bonesnn Anburenmepa (peg. Chai and Lim, 2013). AHanus uccnegnoBaHuin no pacnpoCTPaHEHHOCTM
nokasan, 4to B 2005 rogy 66110 5 MAH nauneHToB ¢ BI1, 1, kKak oXuaaeTcs, aTu LMdpbl BbIpactyT Ao
9,3 mnH k 2030 rogy (Dorsay gp., 2005). OCHOBHbIMM KIMHUYECKUMU MPOSIBAEHUAMU SBMSKOTCS
OpaavknHesuns, noctyparnbHas HeCTabunbHOCTb, MblEeYHas PUrMAHOCTb M TPEMOP MOKOS, XOPOLLMIA
oTBeT L-gonmy M aCUMMETPUYHbIE KIMHWMYECKUM MposiBNeHMeM camoi 6onesHu. CyllecTBytoT [nBe
(hopMbl MaTonorMK, Takue kak crnopagudeckas u cemenHas cdopma BI1. 95% Bcex cnyyaes umerot
CrOpagnYeckMn XapakTep, YTO O3HAYaeT, YTO HET MPUYKHbI, KOTOpblE CMOCOBCTBYIOT PasBUTUIO
Gonesnn. Llenblo paHHoW 0B30pHOM cTaTbu sABNseTcs onucaHue reHoB rpynnbl PARK, koTopble
CBA3aHbl C passuTem Gonesnu [lapkuHcoHa. Kpome TOro, OHa OMMCHIBAET BO3MOXHbIE
NaToNOrM4YeCcKNe MeXaHU3Mbl 1 KIMHWYECKME MPOSIBIEHWS TEHETUYECKN 3adaHHON POpMbl BonesHu
MapkuHcoHa. B paHHOM 0630pe, ONMWCHIBAIOTCS TOMbKO Te TeHbl, KOTOpble XapaKTepu3oBanmchb
3HaUMMOCTbI0 NO pe3ynbTatam aHanu3a Genome Wide Association (BcemupHoit accouuaumm
UCCNEeSOBaHWA TeHOMa), a Takke [daHHbli 0B30p OnMCaHWe KIMHUYECKUX MPOSIBAEHUA pPasinyHbIX
cememnHbIx chopm bIT.

KntoyeBble cnoBa: reHeTuka, HacneacTBeHHble (hopMbl bonesHu MapkuHCOHa, KIHKKA.
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MAPKNHCOH AYPYbIHAAfbI NAPK-TEHAEP TOBbIHbIH POl

A. A. AkaHoBa

Cemen kanacblHblH MEMIEKETTIK MeanumnHa yHneepcuteTi, Cemen K, KazakcTtaH
«MeagnunHa» mamaHabifbl 60MbIHLLA 2 — Wi OKY XbiNblHbIH, PhD gOKTOpaHThI

MapkmHCOH  aypybl  0asanbapl  raHrmusgaFbl  AOaMWHEPTMANbIK — HEMpPOHAApAbIH
AereHepaupsceiMeH 6annaHbICTbl GonaTtbiH HempoaereHepatveTi aypy 6onbin Tabbinagbl. MapkMHCOH
aypybl AnburedMep aypyblHaH KewiHri ekiHWi opblHOaFbl €H KernTapanfaH HerpoaereHepaTtuBTi
OyabinbicTapFa xatagpl (pea. Chai and Lim, 2013). AypyabiH, Tapanybl 60MbIHLWA 3epTTey HOTUXENepI
kepceTkenaen, 2005 xbinbl [MapkMHCOH aypybIMEH ayblpaTblH HAyKacTap caHbl 5 MnH 6onFaH, an 2030
XKbinbl 6yn kepcetkiw 9,3 MnH — fa ecedi gen kytinyge (Dorsay ap., 2005). bactbl KnUHUKanbIK
KepiHicTepiHe OpaukuHesus, nocTypanbabl TYPaKCbi3ablK, OYIIWbIK eTTiH ThipbICYbl, ThIHBILTHIK
Tafblgdipin, L-gonara xayan xaHe 6y aypyablH, acCCUMETPUANbIK KNWHUKaNbIK kKepiHicTepi xaTagbl. MA
eki maTonorusnblk Typi kesgecedi: crnopagusnblk xaHe otbacbinblk. MA 95% cnopagusnblk Typi
kesgeceqi, SFHU Byn aypyablH damyblHa ellkaHaan cebenTiH, XOKTbIFbIH kepceTedi. Ocbl WOosynblK
MakanaHblH, Makcatbl [lapkMHCOH aypyblHbIH AamybiMeH 6GannaHbicbl PARK TOBbIHBIH, reHaepiH
cunattay 6onbin Tabbinagel. Copan 6acka, on MA reHeTUKanblK TYPIHIH, NATONOMUANbIK MEXaHW3MIH
KOHE KIMHUKanbIK KepiHicTepiH cunatTangbl. byn wonyaa tek Genome Wide Association (FeHomzpl
3epTTeyaiH Oykin anemaik accoumsumsachl) capanTamacbiHblH, HOTUXeNepi KOPCeTKEHAEN MaHbI3abl
nereH cunatel 6ap reHgep faHa 6asHpanfaH, coHbiMeH Gipre A epTypni  otbacbinbik
(hopManapbIHbIH, KIMHUKasbIK KepiHICTEPIH cunaTTangp!.

Herisri co3gepi: reHeTuka, MapkMHCOH aypyblIHbIH, TYKbIMKyanayLUbinbIK TYpi, KIUMHUKA.
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Introduction than females, particularly, 19:100,000 and

Parkinson Disease (PD) is a neurodegene-  9.9:100,000 respectively. The analysis of
rative disease associated with degeneration of  prevalence studies showed that there were 5 min
dopaminergic neurons in the basal ganglia. PD patients in 2005, and there is expected
Parkinson disease is the second most common increase to 9.3 min by 2030 (Dorsay et al., 2005).
neurodegenerative disorder, after Alzheimer  Clinical symptoms appear when up to 80% of
disease (rev. in Chai and Lim, 2013). The main  dopaminergic neurons degenerate in the basal
clinical indicators of PD are bradykinesia, postural ~ ganglia but what makes these cells most
instability, muscle rigidity and resting tremor, good  vulnerable is not well-understood. Nowadays,
L-dope response and asymmetrical clinical  several theories are implicated in the selective
manifestation. On the other hand, the conditions  degeneration of dopaminergic neurons in PD,
that represent one or more cardinal features but  particularly, impaired functioning of the ubiquitin-
do not fulfill the criteria for PD diagnosis are  proteasome system might lead to aggregation
defined as Parkinsonism. Patients with  and accumulation of toxic oligomeric proteins that
parkinsonism are believed to be less L-dope interfere with neuronal physiology and thereby
responsive, they have additional clinical bouquet  promote the death (Cookson et al., 2005).
such as cognitive impairment, motor neuron  Dopaminergic neurons have elevated level of the
disease and dystonia. The gender-adjusted and  oxidative stress because of dopamine bio-
age- associated Parkinson Disease incidence  synthesis. Some research  shows that
rate shows males have slightly higher prevalence  mitochondrial dysfunctioning can contribute by
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increasing further the free radical geeration.
Some environmental factors such as 1-methyl-4-
phenylpyridinium (MPP+) and paraquat are
known to lead to mitochondrial dysfunctioning and
thereby promote the disease pathogenesis
(Schulz and Falkenburger, 2004). There are two
types of the pathology such as sporadic and
familial forms of PD. 95% of all cases rare
sporadic, which means there are no causes that
promote the disease development. Some
research suggests that exposure to different
environmental factors can promote the disease
development; however, large epidemiological
studies suggested that exposure to environmental
factors only are not obligatory lead to PD
development[ rev. in Chai and Lim, 2012) Genetic
research suggests that PD has different
inheritance patterns such as Mendelian form
where mutation of a single gene leads to PD
development, so called autosomal dominant,
autosomal recessive, or, extremely rare, X-linked
manner of inheritance (rev. in Chai and Lim,
2013, Pankratz et al., 2003). So, for instance,
latest genetic research discovered mutations in at
least five distinct genes (a-synuclein, parkin, DJ-
1, PINK1, and LRRK2) and several autosomal
recessive genes that are linked with the familial
PD form. On the other hand, there is unknown
trigger that induces the pathological mechanism
although research suggests that there is a link
between genes- risk factors and clinical
symptoms (Cruts at el., 2012). For example, an
elegant work of Lin and colleagues showed that
there might be a physiological interplay between
a-synuclein overexpression and LRRK2 —induced
protein hyperphosphorylation which in turn may
lead to the neuronal degeneration (Lin et al.,
2009). This review aims to focus on genes that
showed significant results on Genome Wide
Association Studies of PD genes as well as to
describe briefly the clinical manifestations of
different familialPD forms.

Heritable Causes.PARK family of genes.

PARK1-PARK4-linked (a-synucleinopathy)
autosomal dominant forms. Neuropathologically
the brains of the patients with Parkinson
Disease’s show deposits of filamentous protein
aggregates, so called Lewy Bodies, Lewy neuritis
as well as intraneuronalinclusions. These
aggregates are found in dopaminergic neurons of
SN and other brain regions such as cortex and
magnocellular basal forebrain nuclei. Lewy bodies
are  predominantly composed of hyper-
phosphorylated  a-synuclein  protein  fibrils
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(Masliah et al., 2000, Schell et al., 2009).
Although the exact physiological mechanisms
leading to the hyperphosphorylation of a-
synuclein are under investigation, recent research
suggest that hyperphosphorylation can occur due
to overexpression, particularly, due to duplication
(Chartier-Harlin et al., 2004) or triplication of the
a-synuclein gene locus (Singleton et., 2003).
Moreover, mutations in the a-synuclein gene itself
can also promote PD development, so for
instance, the first pathogenic point mutation in o-
synuclein (p.A53T) substitution was discovered in
1997 (Polymeropoulos et al., 1997; that was
followed by the further identification of mutations
such as p.A30P (Kruger et al., 2001) and p.E46K
(Zarranz et al., 2004), moreover, there is
increasing amount of pathogenic mutations are
being identified (Ross et al, 2009). This
autosomal dominant form of PD accounts for less
than 1% of familial PD cases. It should be noted
that although a-synuclein aggregation and
fibrillation are thought to lead to neuronal
dysfunction, the exact mechanism of how
ubiquitously expressed a-synuclein mutations
promote selective dopaminergic degeneration is
not clear.

Clinical manifestations of the PARK1-
PARK4 form. The patients typically have early-
onset and rapidly progressive for of the disease;
they have moderate L-dopa response, particularly
at the initial stages. The patients with duplication
or triplication of a-synuclein gene more frequently
show myoclonus, severe insomnia, constipations
and cognitive impairment,  dysautonomia,
psychiatric symptoms such as depression and
hallucinations (Lesage et al., 2013)

PARK-2 autosomal recessive form of PD.
PARK-2 gene encodes the protein called parkin
or E3 ubiquitin protein ligase, protein that is
widely expressed in the brain; however, its
precise function is unknown.Some research
suggests that parkin is one of components of the
multiprotein E3 ubiquitin ligase complex, so-called
ubiquitin-proteasome system that mediates the
targeting of proteins for degradation. However,
the exact mechanism of how the loss of function
of the parkin results in dopaminergic neurons
degeneration is not clear. The current idea is that
E3 ubiquitin ligase complex participates in the
degeneration of toxic proteins, for example,
synphilin-1, CDC-rel1, cyclin E, p38 tRNA
synthase, Pael-R, synaptotagmin XI, sp22, CASK
and PICK1 so that due to loss of function of the
parkin, there might be an accumulation of toxic
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substances and thereby an increased free
radicals generation which in turn leads to the cell
death (Kilarski et al., 2012, Djarmati et al., 2004,
Chung et al., 2001). The PARK-2 represents most
common autosomal recessive form, so it account
for 50 % of autosomal recessive form as well as
10-20 % of autosomal dominant of familial PD
cases (Shyu et al., 2005).

Clinical manifestations of the PARK-2 form.
The patients have early-onset and slowly
progressive form with motor fluctuations; they
have good L-dopa response. Most of the patients
have leg dystonia at the very beginning of the
disease. The patients suffer from hyperreflexia,
peripheral neuropathy as well as they develop
dysautonomia and psychiatric symptoms such as
depression, anxiety and psychosis as the disease
progresses (Takahashi et al., 1994).

PARK-6 autosomal recessive form of PD.
This form represents rare form and it accounts for
2-8 % of the familial form. PARK-6 form is linked
to the PINK-1 gene mutations. PINK-1 gene
encodes phosphatase and tensin homolog-
induced putative kinase 1 (PINK-1) that is
involved in neuroprotection against mitochondrial
dysfunctioning as well as proteasome-induced
apoptosis (Valente et al., 2001, Poole et al., 2006,
Kumazawa et al., 2008)

Clinical manifestations of the PARK-6 PD
form. The patients have early-onset, slow
disease progression and good L-dopa response
but the dyskinesia and motor fluctuations are very
common in these patients. They also manifest
psychiatric symptoms such as depression,
anxiety, orthostatic hypotension and cognitive
impairment as the disease progresses (Albanese
et al., 2005, Hatano et al., 2004).

PARK-7 autosomal recessive form of PD.
To the present time, 1-2% of the familial PD forms
are associated with more than 25 pathogenic
mutations in DJ-1 gene. DJ-1 encodes highly
expressed protein DJ-1 in glia and neurons which
is involved in modulation of transcription,
chaperon-like functions, peroxiredoxin as well as
mitochondrial complex stabilizing component
(Parsanedjad et al.,). Some data suggests that
DJ-1 loss of function is associated with higher
sensitivity to oxidative stress caused by toxic
substances such as 1-methyl-4-phenyl-1,2,3,6-
tetrahydropyrindine (MPP+) (Kim et al., 2005).

Clinical manifestations of the PARK-7 form.
The patients have early-onset, slow disease
progression and good L-dope response. At the
very beginning patients have blepharospam, leg
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dystonia and psychiatric symptoms (van Duijnwt
al., 2001).

PARK-8 autosomal dominant form of PD.
To the time being, this form represents the most
common of familial PD and thereby accounts for
up to 34 % of the familial form as well as 1-2 % of
the sporadic form (Cruts et al., 2012). As the
research shows so far more than 127 LRRK
(Leucine-Rich Repeat Kinase) gene mutations
are known with only 7 being associated with PD
(Chai and Lim, 2013). The exact function of the
LRRK is not well-established but research shows
that it is involved in lysosomal and autophagy
pathways (Dodson et al., 2014), call signaling and
synaptic glutamate transmission (Beccano-Kelly
et al., 2014), cytoskeletal dynamics (Bretscher A,
et al., 2002). The aberrant phosphorylation can
lead to toxic protein aggregation leading to
neuronal cell death.

Clinical manifestations of the PARK-8 PD
form. The patients typically have late-onset, slow
disease progression and good L-dope response.
During the disease course, the patients suffer
from  insomnia, dysautonomia;  anosmia,
psychiatric  symptoms such as anxiety,
depression and hallucinations as well as they
experience cognitive decline (Healy et al., 2008).

PARK-15 autosomal recessive form of PD.
This form represents FBXO7 (The F box, named
after cyclin F-7) gene encodes a member of the
F-box family of proteins that participate in
ubiquitin-proteosome protein-degradation
pathway (Shojaee et al., 2008).

Clinical manifestations of PARK-15 PD
form. The patients have early-onset, progressive
form and good L-dopa response. The patients
had equinovarus deformity since childhood; they
had motor fluctuations and  spasticity
predominantly in lower limbs and severe
dementia as the disease progresses (Shojaee et
al., 2008, Di Fonzo et al., 2009)

PARK-17 autosomal dominant form of PD.
This form represents extremely rare forms of PD,
particularly, 0,3 % of sporadic and 2 % of familial
PD cases. PARK-17 form is associated with
mutations in VPS35 (vacuolar protein sorting
protein-35) that is involved in transportation of
different proteins between endosomes and Golgi
network (Zimprich et al., 2011).

Clinical manifestations of the PARK-17 PD
form. The patients usually have late-onset, slow-
disease progression, resting tremor-dominant PD
and good L-Dopa response, cognitive deficits and
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psychiatric symptoms as the disease progresses
(Wider et al., 2008).

PARK-18 autosomal dominant forms of PD.
This form represents extremely rare forms of PD
with 0,2% of familial PD cases. PARK-18 PD form
is associated with mutations in EIF4G1
(eukaryotic translation initiation factor 4 gamma,1)
gene that is ubiquitously expressed in CNS.
EIFAG1 protein is involved in growth control,

stress response and bioenergetics (Chartier-
Harlin et al., 2011).

Clinical manifestations of the PARK-18 PD
form. The patients usually have late-onset, with
asymmetric resting tremor or akineticrigidity that
progressively mixes during the disease course
and good L-DOPA response, some patients also
develop psychiatric symptoms and cognitive
decline (Chartier-Harlin et al., 2011).

Table 1.
Short overview of the genes that play role in PD.
: Product L-DOPA
Inheritance Locus Chromosomal . % of PD Age
mode SR name location PRI attribute FESPONSE- | 4f onset
name veness
SNCA |PARK1- 4921 a-synuclein| Less 1% Good 30-60
PARK4 427.33,34 familial PD years
PARK8 |LRRK2 7.17.39 12q12 LRRK2 1%-2% Good 50-70
sporadic/ years
34% familial
Autosomal PD
dominant [PARK18|EIF4G1 3 3027.1 EIF4G1 | 0.2% familial Good 50-60
PD years
PARK17|VPS-35 3540 16q12 VPS-35 0.3% Good 40-60
sporadic and years
2% familial
PD
PRKN |PARK2 41822 | 6q25.2-27 | Parkin, 10-20% Good Childhood
E3 ubiquitin| sporadic PD/ -30
ligase 5% familial
PD
Autosomal [PARKG |PINK 13.19 1p36 PINK-1 | 2-8% familial Good 30-40
recessive PD years
PARK7 |DJ -1 1432 1p36.23 DJ-1 1-2% familial Good 20-30
PD years
PARK15|FBX07 10.30 22q12.3 PARK- Rare Good Childhood
FBX07 -30
Conclusion. phosphorylation (e.g. in LRRK2-related cases). It

This review aimed to overview some genetics
of PD; however, from the overwhelming amount
of literature it is seen that PD is a complex
pathogenic pathway where a tapestry of different
events rather than just a single pathogenic
pathway promotes the disease progression.
These include the ubiquitin-proteasome and
autophagy pathways, so genetically linked
aberrations might promote protein misfolding
leading to toxic aggregations, particularly, a-
synuclein  composed Lewy Bodies, PARK-
2,6,8,15 and 17 forms of PD), mitochondrial-
related redox pathways, particularly, PARK-2, 6,7
AND 18 and probablyLRRK2-related cases) and
pathways involving aberrant protein

is beyond doubts that new pathways and genes
that are involved in endosome and lipid
metabolisms will appear in the future, but it is
crucial to realize that all pathways often act in a
vicious cycle and they promote one each other
and that each of PD-linked gene products affects
multiple pathways. For instance, parkin is
involved in several processes such as protein and
mitochondrial homeostasis. Although there is no
well-established trigger that induces the disease
development, but latest research helped to
understand some aspects of the disease. The
present and future research can be an extremely
useful tool to develop neuroprotective and
remaining dopaminergic neurons preservation
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therapies that will improve the quality of life of the
PD patients. Moreover, it ould be of a great
therapeutic value to optimize the therapy for the
PD patients depending on their genetic
background.
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