
Supplemental Figures and Tables 

Somatic mutations of the Parkinson’s Disease 
gene PARK2 in glioblastoma and  

other human malignancies 

Selvaraju Veeriah1*, Barry S. Taylor2*, Shasha Meng1*, Fang Fang1,
Emrullah Yilmaz1, Igor Vivanco1, Manickam Janakiraman1, Nikolaus 
Schultz2,  Aphrothiti J. Hanrahan1, William Pao1,3, Marc Ladanyi1,4,

Chris Sander2, Adriana Heguy1, Eric C. Holland5, Philip B. Paty6, Paul 
S. Mischel8, Linda Liau8, Timothy F. Cloughesy8, Ingo K. 
Mellinghoff1,9, David B. Solit1,3, and Timothy A. Chan1, 10 

1Human Oncology and Pathogenesis Program, Memorial Sloan-Kettering Cancer  
 Center, 1275 York Avenue, New York, New York, 10065, USA. 

2Computational Biology Center, Memorial Sloan-Kettering Cancer Center, New York,    
  New York, 10065, USA. 

Departments of 3Medicine, 4Pathology, 5Neurosurgery, 6Surgery, 9Neurology, 10Radiation
 Oncology, Memorial Sloan Kettering Cancer Center, New York, New York 10065, USA. 

8David Geffen School of Medicine, University of California, Los Angeles, CA 90095. 

Nature Genetics: doi:10.1038/ng.491



V
ee

ria
h

S
up

pl
em

en
ta

l F
ig

. 1

Su
pp

le
m

en
ta

l F
ig

ur
e 

1.
   

S
ta

tis
tic

al
ly

 s
ig

ni
fic

an
t g

en
om

e-
w

id
e 

co
py

 n
um

be
r a

be
rra

tio
ns

 in
 c

ol
on

 c
an

ce
r. 

  
A

m
pl

ifi
ca

tio
ns

 (r
ed

) a
nd

 d
el

et
io

ns
 (b

lu
e)

 a
re

 in
di

ca
te

d 
ac

ro
ss

 th
e 

22
 a

ut
os

om
es

 in
 g

en
om

ic
 c

oo
rd

in
at

es
 

(c
en

te
r; 

gr
ee

n 
lin

e,
 F

D
R

<1
0%

 le
ft 

ax
is

). 
A

na
ly

si
s 

an
d 

sc
or

es
 w

er
e 

ca
lc

ul
at

ed
 b

y 
R

A
E

 a
s 

de
sc

rib
ed

 in
 M

et
ho

ds
. 

Th
e 

gr
ee

n 
ar

ro
w

 in
di

ca
te

s 
th

e 
di

sc
re

te
 re

gi
on

 o
f s

ig
ni

fic
an

ce
 th

at
 s

pa
ns

 P
A

R
K

2.

at
ur

e
G

en
et

ic
s:

G
en

et
ic

s:
do

i:1
0.

10
38

/n
g.

49
1

do
i:1

0
10

38
/n

g
49

1



V
ee

ria
h

S
up

pl
em

en
ta

l F
ig

. 2

N
25

4S
 (A

A
C

A
G

C
)

Tu
m

or

N
or

m
al

Lu
ng

R
42

C
 (C

G
T

TG
T)

G
B

M

Su
pp

le
m

en
ta

l F
ig

ur
e 

2.
Se

qu
en

ci
ng

 tr
ac

es
 o

f r
ep

re
se

nt
at

iv
e 

tu
m

or
s 

w
ith

 P
A

R
K

2
m

ut
at

io
ns

.
A

rr
ow

s 
po

in
t t

o 
si

te
s

of
 m

ut
at

io
n.

N
at

ur
e 

at
ur

e
G

en
et

ic
s:

G
en

et
ic

s:
do

i:1
0.

10
38

/n
g.

49
1

do
i:1

0
10

38
/n

g
49

1



DB
TRG

T98
G

RKO

NCI
H35

8

PA
R

K
2

A
ct

in

V
ee

ria
h

S
up

pl
em

en
ta

l F
ig

. 3

PA
R

K
2

A
ct

in

SF5
39

SNB
19

MC
F7

NC
IH

460
Su

pp
le

m
en

ta
l F

ig
ur

e 
3.

  P
A

R
K

2 
pr

ot
ei

n 
ex

pr
es

si
on

 in
 h

um
an

 c
an

ce
r c

el
l l

in
es

.
W

es
te

rn
 b

lo
t 

an
al

ys
is

 o
f h

um
an

 c
an

ce
r c

el
l l

in
es

 u
si

ng
 a

nt
i-P

A
R

K
2 

an
tib

od
y.

 A
ct

in
 is

 u
se

d 
as

 a
 lo

ad
in

g 
co

nt
ro

l. 
 

Eq
ua

l a
m

ou
nt

s 
of

 p
ro

te
in

 (5
ug

) w
er

e 
lo

ad
ed

 in
 a

ll 
la

ne
s.

 

N
at

ur
e 

at
ur

e
G

en
et

ic
s:

G
en

et
ic

s:
do

i:1
0.

10
38

/n
g.

49
1

do
i:1

0
10

38
/n

g
49

1



P
A

R
K

2 
(-

) e
xp

re
ss

io
n 

ce
ll 

lin
es

pc
D

N
A

3.
1

PA
R

K
2

G
B

M
 (D

B
TR

G
)

G
B

M
 (T

98
G

)
C

ol
on

 (R
K

O
)

V
ee

ria
h

S
up

pl
em

en
ta

l F
ig

. 4
a

Lu
ng

 (N
C

I-H
35

8)

a

N
at

ur
e 

at
ur

e
G

en
et

ic
s:

G
en

et
ic

s:
do

i:1
0.

10
38

/n
g.

49
1

do
i:1

0
10

38
/n

g
49

1



pc
D

N
A

3.
1

PA
R

K
2

P
A

R
K

2 
(+

) e
xp

re
ss

io
n 

ce
ll 

lin
es

pc
D

N
A

3.
1

PA
R

K
2

B
re

as
t (

M
C

F-
7)

Lu
ng

 (N
C

I-H
46

0)

b

V
ee

ria
h

S
up

pl
em

en
ta

l F
ig

. 4
b

N
at

ur
e 

at
ur

e
G

en
et

ic
s:

G
en

et
ic

s:
do

i:1
0.

10
38

/n
g.

49
1

do
i:1

0
10

38
/n

g
49

1



Lu
ng

 (N
C

I-H
44

1)

pc
D

N
A

3.
1

PA
R

K
2

PA
R

K
2N

25
4S

PA
R

K
2E

34
4G

PA
R

K
2R

27
5Q

PA
R

K
2R

42
C

G
B

M
 (T

98
G

)

V
ee

ria
h

S
up

pl
em

en
ta

l F
ig

. 4
c

pc
D

N
A

3.
1

PA
R

K
2

PA
R

K
2N

25
4S

PA
R

K
2E

34
4G

PA
R

K
2R

27
5Q

PA
R

K
2R

42
C

c

at
ur

e
G

en
et

ic
s:

G
en

et
ic

s:
do

i:1
0.

10
38

/n
g.

49
1

do
i:1

0
10

38
/n

g
49

1



Su
pp

le
m

en
ta

l F
ig

ur
e 

4.
  G

ro
w

th
 s

up
pr

es
si

ve
 e

ffe
ct

s 
of

 w
ild

-ty
pe

 a
nd

 m
ut

an
t P

A
R

K
2.

Q
ua

nt
ita

tio
n 

of
 re

su
lts

 in
 

Fi
g.

 3
.

(a
)C

ol
on

y 
fo

rm
at

io
n 

as
sa

ys
 d

em
on

st
ra

tin
g 

th
at

 w
ild

-ty
pe

 P
A

R
K

2 
su

pp
re

ss
es

 c
el

l g
ro

w
th

 in
 c

el
ls

 
la

ck
in

g 
P

A
R

K
2 

pr
ot

ei
n.

  R
ep

re
se

nt
at

iv
e 

fla
sk

s 
ar

e 
sh

ow
n 

fo
r v

ec
to

r-o
nl

y 
co

nt
ro

l (
pc

D
N

A3
.1

) a
nd

 v
ec

to
r +

 P
A

R
K

2 
cD

N
A

 (P
A

R
K

2)
.

(b
)

C
ol

on
y 

fo
rm

at
io

n 
as

sa
ys

 d
em

on
st

ra
tin

g 
th

at
 w

ild
-ty

pe
 P

A
R

K
2 

do
es

 n
ot

 s
ig

ni
fic

an
tly

 s
up

pr
es

s 
gr

ow
th

 in
 c

el
l l

in
es

 w
ith

 n
or

m
al

 P
A

R
K

2 
pr

ot
ei

n 
ex

pr
es

si
on

.  
R

ep
re

se
nt

at
iv

e 
fla

sk
s 

ar
e 

sh
ow

n 
fo

r v
ec

to
r-o

nl
y 

co
nt

ro
l 

(p
cD

N
A

3.
1)

 a
nd

 v
ec

to
r +

 P
A

R
K

2 
cD

N
A

 (P
A

R
K

2)
.

(c
)

C
ol

on
y 

fo
rm

at
io

n 
as

sa
ys

 d
em

on
st

ra
tin

g 
th

at
 c

an
ce

r-s
pe

ci
fic

 
m

ut
at

io
ns

 in
 P

A
R

K
2 

co
m

pr
om

is
e 

its
 g

ro
w

th
 s

up
pr

es
si

ve
 a

bi
lit

y.
  R

ep
re

se
nt

at
iv

e 
fla

sk
s 

ar
e 

sh
ow

n 
fo

r v
ec

to
r-o

nl
y 

co
nt

ro
l (

pc
D

N
A

3.
1)

 a
nd

 v
ec

to
r +

 P
A

R
K

2 
cD

N
A

 (P
A

R
K

2)
.

N
at

ur
e 

at
ur

e
G

en
et

ic
s:

G
en

et
ic

s:
do

i:1
0.

10
38

/n
g.

49
1

do
i:1

0
10

38
/n

g
49

1



to
ta

l c
-J

un

p-
c-

Ju
n

V
ee

ria
h

S
up

pl
em

en
ta

l F
ig

. 5

pcDNA3.1
PARK2
PARK2R42C
PARK2N254S PARK2R275Q PARK2E344G

Su
pp

le
m

en
ta

l F
ig

ur
e 

5.
  E

xp
re

ss
io

n 
of

 w
t o

r m
ut

an
t P

A
R

K
2 

do
es

 n
ot

 a
lte

r c
-J

un
 p

ho
sp

ho
ry

la
tio

n.
T9

8G
 c

el
ls

 w
er

e 
st

ab
ly

 tr
an

sf
ec

te
d 

w
ith

 th
e 

ve
ct

or
 a

lo
ne

 (p
cD

N
A3

.1
) o

r t
he

 in
di

ca
te

d 
PA

R
K2

 c
D

N
As

.  
A

ll 
pr

ot
ei

ns
 w

er
e 

ex
pr

es
se

d 
(s

ee
 m

ai
n 

te
xt

). 
 W

es
te

rn
 b

lo
t d

et
ec

tio
n 

w
as

 p
er

fo
rm

ed
 u

si
ng

 a
nt

ib
od

y 
sp

ec
ifi

c 
fo

r p
ho

sp
ho

-c
-J

un
 o

r t
ot

al
 c

-J
un

. 

N
at

ur
e 

at
ur

e
G

en
et

ic
s:

G
en

et
ic

s:
do

i:1
0.

10
38

/n
g.

49
1

do
i:1

0
10

38
/n

g
49

1



Fa
m

ili
al

 P
ar

ki
ns

on
’s

 D
is

ea
se

ne
ur

on

G
er

m
-li

ne
 P

A
R

K
2

m
ut

at
io

n
Lo

ss
 o

f P
A

R
K

2 
E

3 
lig

as
e 

ac
tiv

ity
In

cr
ea

se
d 

cy
cl

in
 E

 
(a

nd
 o

th
er

s?
)

ne
ur

on
al

 d
ea

th
 a

nd
 

ne
ur

od
eg

en
er

at
iv

e
di

se
as

e

C
an

ce
r

di
vi

di
ng

 s
om

at
ic

 c
el

l 
(ie

. a
st

ro
cy

te
s,

 
co

lo
n 

ep
ith

el
ia

l c
el

ls
)

In
iti

al
 m

ut
at

io
ns

S
om

at
ic

 P
A

R
K

2
m

ut
at

io
n

Lo
ss

 o
f P

A
R

K
2 

E
3 

lig
as

e 
ac

tiv
ity

In
cr

ea
se

d 
cy

cl
in

 E
 

(a
nd

 o
th

er
s?

)
cl

on
al

 a
dv

an
ta

ge
 

an
d 

ca
nc

er

V
ee

ria
h

S
up

pl
em

en
ta

l F
ig

. 6

Su
pp

le
m

en
ta

l F
ig

ur
e 

6.
  M

od
el

 o
f d

iff
er

en
tia

l e
ffe

ct
s 

of
 P

A
R

K
2

m
ut

at
io

n 
in

 P
ar

ki
ns

on
’s

 D
is

ea
se

 a
nd

 c
an

ce
r.

N
at

ur
e 

at
ur

e
G

en
et

ic
s:

G
en

et
ic

s:
do

i:1
0.

10
38

/n
g.

49
1

do
i:1

0
10

38
/n

g
49

1



C
an

ce
r  

   
   

   
   

   
   

To
ta

l s
am

pl
es

 w
ith

   
   

   
   

   
   

  
To

ta
l s

am
pl

es
   

   
   

   
   

   
   

   
Fr

eq
ue

nc
y

ty
pe

   
   

   
   

   
   

   
   

   
   

 a
lte

ra
tio

ns
   

   
   

   
   

 
an

al
yz

ed

M
ut

at
io

ns
G

lio
bl

as
to

m
a 

   
   

   
   

   
   

   
   

7
75

   
   

   
   

   
   

   
   

   
   

   
   

   
 9

.3
%

   
   

Lu
ng

   
   

   
   

   
   

   
   

   
   

   
   

  4
 

61
   

   
   

   
   

   
   

   
   

   
   

   
   

 6
.5

%
S

qu
am

ou
s,

 H
/N

   
   

   
   

   
   

   
0 

   
   

   
   

   
   

   
   

   
 

24
   

   
   

   
   

   
   

   
   

   
   

   
   

  0
%

C
ol

on
   

   
   

   
   

   
   

   
   

   
   

   
 1

   
   

   
   

   
   

   
82

   
   

   
   

   
   

   
   

   
   

   
1.

2%

To
ta

l
24

2 
   

   
   

   
   

   
   

   
   

   
   

   
   

   

Su
pp

le
m

en
ta

l T
ab

le
 1

. F
re

qu
en

ci
es

 o
f M

ut
at

io
ns

N
at

ur
e 

at
ur

e
G

en
et

ic
s:

G
en

et
ic

s:
do

i:1
0.

10
38

/n
g.

49
1

do
i:1

0
10

38
/n

g
49

1



Supplementary note for clinical samples 

Glioma aCGH samples analyzed were from the tumors procured by The Cancer 
Genome Atlas (TCGA) as described above.  Informed consent was obtained by 
the member institutions of the TCGA.  The glioma, lung, and colon samples 
analyzed were from the Memorial Sloan Kettering Cancer Center and the 
University of California, Los Angeles.  All samples were obtained following 
informed consent and in full accordance with the Institutional Review Board of 
each institution.
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