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“Involuntary  trem
ulous m

otion, w
ith lessened m

uscular 
pow

er, w
ith a propensity to bend the trunk forw

ard, and 
to pass from

 a w
alking to a running pace: the senses 

and intellects being uninjured.»

Parkinson disease: a com
plex phenotype

M
otor signs

•
resting trem

or
•

bradykinesia
•

rigidity
•

postural instability

N
on m

otorsigns
•

Cognitive im
pairm

ent
•

Psychiatric disturbances
•

Autonom
ic dysfunctions

«Plus» signs
•

Dem
entia

•
Dystonia

•
Spasticity 



Genetic factors in PD pathogenesis

Heterozygousm
utations

in autosom
alrecessive 

PD genes: RR 1.5-2

heterozygous m
utations

in other recessive 
genes: RR 4-6

polym
orphism

s
(++ in autosom

aldom
inant

PD genes: RR 1.1-1.4

m
utations in autosom

al 
dom

inant PD genes: reduced 
penetrance (30%

): RR 10-20

m
utationsin autosom

al
recessive PD genes: 

full penetrance: 100%
3

late 
onset

early
onset

pure 
PD

com
plicated PD (dem

entia, 
dystonia, psychiatric etc)

sporadic
fam

ilial

m
ultifactorial

m
endelian



Autosom
al recessive early onset «pure» parkinsonism

s

Distinctgenes, sam
e

phenotype
•early

onset(<40 years) Æ
DJ1 < Parkin

< PIN
K1

•slow
 progression

•excellentand sustained
response

to treatm
ent

Variable
phenotypic

features, sam
e

gene
•dystonia

atonset
•sleep

benefit, diurnalfluctuations
•hyperreflexia
•treatm

ent-related
com

plications(dyskinesias, behavioralproblem
s)

Parkin
>>>    PIN

K1
>    DJ-1

50%
 fam

10-15%
 spor

1-8%
 in different

populations
< 1%
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Em
erging

non m
otorsignsin «pure» AR parkinsonism

s
Cognitive im

pairm
ent

atrophy 
and 
cognitive 
decline

↓↓
odoridentification

and 
discrim

ination

PIN
K1 olfactory

abnorm
alities

Psychiatric
disturbances

-‐
DO

C
-‐

anxiety, depression
-‐

panic
disorders

-‐
Schizophr. spectrum

Parkin/ PIN
K1

PIN
K1

Im
pulse

control behaviour(ICB)

-‐‑
↑

trend for ICB before PD onset (p=0.08)
-‐

stronger fam
ily history for ICB (p=0.005) 

-‐
longer duration of ICB (p=0.04) 

m
ore severe

-‐binge eating 
(p= 0.04)
-‐punding/hob
bism
(p=0.05)

Ricciardi et al , 2014; Sharp et al, 2015
Ferraris et al, 2009; M

orgate
et al, unpublished data
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the Contursi fam
ily and the discovery of α-synuclein

Polim
eropoulos et al, Science 1996 and 1997



α-synuclein m
utations and PD

3
3

2
+

+

onset
27aa

onset
50 aa

†  45aa
†  67aa

†  58  aa

O
nset50 aa

†  45aa

onset
30 aa

onset
26 aa

I:1
I:2

II:1
II:2

II:3
II:4

III:1

II:5

III:2
III:3

III:4
†  57aa

III:5
III:6

III:7
III:8-10

3

III:11-13
III:14

III:15

IV:1
IV:2

IV:3
IV:4-5

IV:6
IV:7

IV:8
IV:9

IV:10

+
_

_

+
+

+

PDPD and psychiatric

Psychiatricdisease

+     SN
CA m

utation A53T
–

SN
CA m

utation A53T

SN
CA 

A53T m
utation

Courtesy:
M

.C. Sensi, A. Fasano, L. Ricciardi
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D

onset
40s

60s
60s

60s
40s

parkinsonism
+

+
, rapid

progr.
+

+
+

+
+

, rapid
progr.

cog
n

itive
im

pairm
ent

+
+

+
+

+
+

+
-

p
sych

iatric
involvem

ent
+

-
+

-
+

+

au
ton

om
ic

disturbance
+

-
-

-
-/+

L-D
opa response

+
+

+
+

+
/-

p
yram

id
al

signs
-

-
-

-
+

+

Five
m

utationsreported
afterscreening of thousandsPD cases



SN
CA gene m

ultiplications and PD phenotypes

Three SN
CA copies

Four SN
CA copies

Subjects 
73

27

Asym
ptom

atic carriers
20

0

Age at onset 
50 ±

12 (30-77)
37 ±

10 (24-60)

Autonom
ic dysfunction

41%
100%

Psychiatric disturbances
61%

87%

Cognitive im
pairm

ent
52%

96%

Elia et al, M
ov Disord 2013

M
ultiplicationsof the genom

ic 
region containing the SN

CA
gene 

cause α-syn overexpression

correlation betw
een the 

num
ber of SN

CA copies 
and phenotypic severity



PARK8 -LRRK2 -Dardarin

2482 am
inoacids, several active dom

ains including a kinase dom
ain

Phenotype of LRRK2 m
utations:

•
variable presentation, onset 3rd-8th decade

•
reduced penetrance: 15-30%

, increasing w
ith age

•
usually indistinguishable from

 idiopathic PD 

G2019S m
utation

1-2%
 of 

sporadic PD
5-8%

 of 
fam

ilial PD

Founder effect am
ong Ashkenazi Jew

s and N
orth African Arabs

other m
utations are rare (about 10 different m

utations reported)

9
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Rare causesof AD PD w
ith sim

ilarphenotypes

•
O

nly
tw

o
m

utationsfound
in a few

fam
ilies of differentethnic

background:
-‐

p.A502V
→
  very

rare
-‐

p. R1205H →
  detected

in patientsand controls

Clinical features
•

age at onset: 40-80 yrs
•

typical PD, relatively  m
ild course, cognition preserved in m

ost cases
•

Low
 penetrance

•
p.D620N

m
utation

detected
in ~ 30 casesfrom

 9 fam
ilies.

PARK17 -VPS35

Vilarino
Guellet al , HM

G 2013; Struthalet al, JNT 2014; Huttenlocheret al, JM
G 2014

•
p.N

855S
m

utation
detected

in PD patientsw
ith the sam

e
Dutch–Germ

an–Russian 
M

ennonite ancestry.

PARK18 -EIF4G1

DN
AJC13
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N
on-canonicalPD genes

•
SCA2

uninterrupted
CAG expansions(usually

AD spinocerebellarataxia)
₋

PD w
ith benign

course, good
response

to therapy
₋

M
RI: no cerebellaratrophy

on M
RI

₋
SPECT: abnorm

aldopam
inergic

uptake
(sim

ilarto PD)

•
FM

R1
expansions(>200 rpts→

intellectualdisability
in m

ales)
₋

Prem
utations(55-200 rpts): →

  kinetic trem
or, cerebellar gait ataxia, parkinsonism

and cognitive decline (FXTAS) in m
ales and fem

ales. 
₋

Gray
zone (49-54 rpts) →

  parkinsonism
and idiophatic

PD (1-7,5%
; 0-11%

), ataxia.

•
C9Orf72

GGGGCC expansion
(>22 rpts,→

  FTD+ ALS)
-

rare cause of parkinsonism
w

ith variable
onset(29-64 yrs) and cognitive decline

(2/3 patients)
-

fam
ily history

for atypicalparkinsonism
w

ith dem
entia

/ ALS

•
O

thergenesof FTD ±
parkinsonism

:
M

APT
(m

icrotubule-associated
protein

tau); PGRN
(progranulin); TARDBP

(TAR DN
A 

binding
protein)



heterozygous GBA m
utations represent the m

ost com
m

on genetic 
risk factor for PD identified to date (4-8%

 PD vs <1%
 controls)

O
R = 5.43

Clinical picture of GB-related PD : 

•
++ earlier onset, positive fam

ily history

•
++ non-m

otor features; + severe PD

Sidransky et al, NEJM
, 2009; Brockm

ann et al, Neurology 2011

Glucocerebrosidase and PD (++ non-m
otor signs)

Glucocerebrosidase deficiency Æ
Gaucher’s  disease



M
arongiu et al, Hum

 M
utat 2008

0.1
1

10
100

O
R

Kay
07

Clark 06

Lincoln 03
Parkin

Rogaeva
04

Bonifati 05

Abou-Sleim
an

06
M

arongiu 08

PIN
K1

O
R PIN

K1

O
R Parkin

O
R 1.62 –

95%
CI 0.88-2.99

O
R 1.86 –

95%
CI 1.01-3.45

Heterozygousm
utationsin recessive genes

Heterozygousm
utationsare m

ore frequent
in sporadic

cases(heterogeneous
phenotypesand higherage

atonset).

The risk
of developing

PD in 
heterozygouscarriersism

ildly
elevated

Also
found

in healty
controls

13
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Chrom
osom

e
Gene

Risk variants
O

dds ratios (O
R)

12q12
LRRK2(PARK8)

G2385R, R1628P 
2-3

#

1q22
SYT11

SN
Ps 

1.43
*

17q21.31
M

APT
H1 haplotype 

1.4
*

4p16.3
GAK

SN
Ps 

1.35

4q21-22
SN

CA (PARK1/PARK4)
Rep1; 5'and 3' 
UTR variants; 
SN

Ps 
1.2-1.4

18q12.3
RIT2

SN
Ps 

1.2
2q24.3

STK39
SN

Ps 
1.2

12q24.31
CCDC62/HIP1R

SN
Ps 

1.15
16p11.2

STX1B
SN

Ps 
1.14

4p15
BST1

SN
Ps 

1.1
2q21.3

ACM
SD

SN
Ps 

1.02
*

6p21.32
HLA-DRB5

SN
Ps 

0.95
*-0.98

#

others
M

CCC1/LAM
P3,STBD1, GPN

M
B, 

FGF20, ITGA8,PARK16…
SN

Ps 
<1

Association
Studiesand GW

AS in sporadic PD



Polym
orphism

s, butalso
rare m

utationsTsuji2010, Hum
 M

ol Genet

W
hole exom

e
(and even

w
hole

genom
e) sequencing

are likely
to replace

GW
AS 

to search
for genetic

m
odifiersof the phenotype

15
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variable
onset, rapidly

progressive PD + N
M

S, 
(AD inheritance)

•
SN

CA m
ut. 

and m
ult.

early
onsetpure 

parkinsonism
(<40yrs, ++ if

consanguinity
or AR)

•
parkin

•
PIN

K1
•

(DJ-1)

early
onsetcom

plicated
parkinsonism

(+ pyram
idal, 

dystonia, dem
entia; iron

dep)

•
ATP13A2

•
PLA2G6

•
(FBXO

7)

Late onsettypicalPD  (≥  
45yrs, AD inheritance)

•
LRRK2* 

•
(otherAD)

•
(SN

CA dup)

PD genetictesting
in clinicalpractice

juvenile
onsetcom

plicated
parkinsonism

(+ epilepsy, 
cognitive im

pairm
ent)

•
SYN

J1
•

DN
AJC6

N
GS-based

PD sequencing
panels

9
negative  genetic

tests
9

Expensive
sangersequencing

* :  Com
m

on m
utations
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Parkinson gene panels

Illum
ina M

iSeq 
platform

sim
ultaneous  

sequencing of 21 genes

m
ean coverage: 99,83%

up to 96 sam
ples in a 

run

approx. cost x sam
ple: 

150-180€


