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Case Report

Mutations in SOD1 and FUS caused juvenile-onset sporadic 
amyotrophic lateral sclerosis with aggressive progression
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Abstract: Juvenile onset amyotrophic lateral sclerosis (ALS) is a very rare form of motor neuron disease, with the 

first symptoms of motor neuron degeneration manifested before 25 years of age. Juvenile ALS is more frequently 

familial in nature than the adult-onset forms. Mutations in the alsin (ALS2), senataxin (SETX), and Spatacsin 

(SPG11) have been associated with familial ALS with juvenile onset and slowly progression. Here we reported two 

apparently sporadic ALS with juvenile onset and aggressive progression caused by mutations in the SOD1 and FUS 

gene. We also reviewed juvenile-onset ALS in publications. Our findings, together with other researches, confirms 

that both SOD1 and FUS mutations can lead to juvenile-onset malignant form of ALS and should be screened in 

ALS patients with an earlier age of onset, aggressive progression, even if there is no apparent family history.
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Introduction

Amyotrophic lateral sclerosis (ALS) is a syndrome 
characterized by progressive degeneration of neurons in the 
motor cortex, motor nuclei in the brainstem, and anterior 
horn cells of the spinal cord. Peak age at onset is 47-52 years 
for familial patients and 58-63 years for sporadic patients (1). 
About 50% of patients die within 30 months of symptom 
onset and about 20% of patients survive between 5 and 
10 years after symptom onset (1). However, the clinical 
presentation, age of onset and progression of ALS varies 
considerably. Juvenile onset ALS is a very rare form of motor 
neuron disease, with the first symptoms of upper and lower 
motor neuron degeneration manifested before 25 years of 
age. Juvenile ALS is more frequently familial in nature than 
the adult-onset forms. Mutations in the ALS2, SETX, or 
SPG11 gene are known to cause familial ALS with juvenile 
onset and slow disease progression (2). A few sporadic 
cases of juvenile ALS with unusual and unexpected rapid 
progression have been reported (3-7). Here we reported two 
apparently sporadic ALS with juvenile onset and aggressive 

progression caused by mutations in the SOD1 and FUS gene. 

Case reports

Patient 1 was a female manifested with weakness in her right 
foot at the age of 22. Over the subsequent 10 months, his 
weakness progressed quickly to involve proximal muscles of 
right lower limb, and then left leg. She required a walking 
stick, and could not walk more than 300 m. On examination, 
cranial nerves were intact. There was global muscle 
weakness and atrophy of the right leg, and mild muscle 
atrophy in the left leg. Deep tendon reflexes were brisk in 
upper limbs and decreased in lower limbs. The Babinski 
sign was present in the right side. Neurophysiological 
examination demonstrated chronic and active denervation 
in the lower limbs, as well as denervation potentials in the 
thoracic muscles. His parents did not present any symptoms 
at their 50s. An extensive inquiry showed no family history 
for any neuromuscular disorders. Genetic examination for 
the patient revealed the heterozygous c.252G > C (a p.L84F) 
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mutation in exon 4 of the SOD1 gene (Figure 1A). The 
patient died 34 months after onset. 

Patient 2 was a 13-year-old boy who presented with 
4 months of weakness of right leg. One month after 
onset, weakness progressed to right arm. Weakness of 
his right limbs progressed so rapidly that he could hardly 
walk independently for 50 m, or left his arm. Physical 
examination revealed obvious atrophy of muscles of right 
arm and leg. Muscle strength of right limbs were grade 4. 
The deep-tendon reflexes were hyperactive in all limbs, 
with bilateral positive Babinski sign. Electromyography 
demonstrated widespread denervation in the lumbar, 
thoracic, cervical, and sternocleidomastoid muscles. Both 
his parents were healthy at their 50s. There was no history 
of neurologic diseases in her family. Gene test for the 
patient revealed the heterozygous c.1574C > T (p.P525L) 
mutation in the FUS gene (Figure 1B). The patient died  
23 months after onset. 

Discussion

Juvenile ALS are often familial ALS and caused by 
mutations in the ALS2, SETX, and SPG11 gene, which 
showed a very slowly progressive, nonfatal pattern (2). 
However, both juvenile ALS patients in this report had an 
aggressive progression, with no obvious familial history. 
Extensive literature review revealed 17 juvenile sporadic 
ALS patients of both Caucasian and Asian origin with 
known mutations, 1 had SETX mutation (8), 3 carried 
SOD1 mutations (3-5) and 13 had FUS mutations (6,7,9-14)  
(Table 1). Almost all these juvenile cases experienced 
aggressive progression, with a short disease duration 
ranging from 6 to 22 months except the SETX mutation 
carrier (Table 1). The FUS mutations harbored by juvenile 
sporadic ALS patients were frameshift mutations, nonsense 
mutations, and p.P525L mutation. P525L mutation, which 
have been consistently associated with a phenotype of 
earlier onset and severe course, was identified in 7 juvenile-
onset sporadic ALS patients (Table 1) and 5 juvenile familial 
ALS patients (7). Truncating mutations in FUS has also 
been shown to cause a more aggressive ALS phenotype (15).  
Interesting, two deceased affected members in two 
p.L84F mutated pedigrees also presented with juvenile 
onset, rapid progression and short duration (16). These 
findings suggested that mutations in the SOD1 and FUS 
gene, particularly the p.P525L mutation, are associated 
with juvenile-onset ALS with rapid progression and short 
survival.

Low or incomplete penetrance has been reported in 
SOD1 and FUS mutations, making it difficult to distinguish 
between familial patients with reduced penetrance and 
true sporadic patients (17). However, among the reported 
juvenile ALS cases, 7 patients have been proved to carry 
the de novo mutations (Table 1), supporting that de novo 
mutations are responsible for at least a proportion of 
sporadic ALS patients. Although we could not perform 
genetic tests for the parents of both patients because of the 
paucity of DNA sample, they were still in good health at 
their 50s and had no family history of neurologic disease, 
suggesting that both patients were sporadic ALS. 

Our findings, together with other researches, confirm 
that both SOD1 and FUS mutations can lead to juvenile-
onset malignant form of ALS and should be screened 
in ALS patients with an earlier age of onset, aggressive 
progression, even if there is no apparent family history. 

Figure 1 Sequencing chromatograms of the p.L84F and p.P525L 
mutation. (A) Sequencing chromatograms of the p.L84F mutation 
in the SOD1 gene. The arrow shows the position of a G-to-C 
transversion at nucleotide 252 (c.252G > C) that leads to the 
replacement of leucine (Leu) by phenylalanine (Phe) at codon 84. 
(B) Sequencing chromatograms of the p.P525L mutation in the 
FUS gene. The arrow shows the position of a C-to-T transition 
at nucleotide 1574 (c.1574C > T) that leads to the replacement of 
proline (Pro) by leucine (Leu) at codon 525.

SOD1, c.252G > C; p.L84F

FUS, c.1574C > T; p.P525L

Gly

Glu Arg Pro/Leu Tyr X

Asp Leu/Phe Gly Asn

A

B



Annals of Translational Medicine, Vol 3, No 15 September 2015 Page 3 of 4

© Annals of Translational Medicine. All rights reserved. Ann Transl Med 2015;3(15):221www.atmjournal.org

T
ab

le
 1

 S
um

m
ar

y 
of

 ju
ve

ni
le

-o
ns

et
 s

po
ra

di
c 

A
L

S 
pa

tie
nt

s 
w

ith
 k

no
w

n 
m

ut
at

io
ns

G
en

e
A

m
in

o 
ac

id
  

m
ut

at
io

n
G

en
de

r
E

th
ni

ci
ty

A
ge

 o
f  

on
se

t, 

ye
ar

s

S
ite

 o
f o

ns
et

 
P

he
no

ty
pe

D
em

en
tia

D
is

ea
se

 d
ur

at
io

n 
(m

)
D

e 
no

vo
 

m
ut

at
io

n
R

ef
er

en
ce

S
E

TX
p.

G
16

S
M

al
e

U
S

A
<

6
Lo

w
er

 li
m

bs
U

M
N

 +
 L

M
N

N
A

>
12

3 
(s

til
l w

al
k)

N
T

H
ira

no
 e

t a
l. 

20
11

 (8
)

S
O

D
1

p.
G

16
S

M
al

e
Ja

pa
ne

se
18

U
pp

er
 li

m
bs

U
M

N
 +

 L
M

N
N

A
12

* 
N

T
K

aw
am

at
a 

et
 a

l. 
19

97
 (3

)

p.
P

66
S

M
al

e
S

er
bi

an
21

U
pp

er
 li

m
bs

U
M

N
 +

 L
M

N
N

A
22

 (1
9*

) 
N

T 
K

ec
ka

re
vi

ć 
et

 a
l. 

20
12

 (5
)

p.
H

80
A

M
al

e
Ire

la
nd

24
Lo

w
er

 li
m

bs
LM

N
 +

 b
ul

ba
r

N
A

18
 (9

*)
D

e 
no

vo
A

le
xa

nd
er

 e
t a

l. 
20

02
 (4

)

p.
L8

4F
Fe

m
al

e
C

hi
ne

se
22

Lo
w

er
 li

m
bs

U
M

N
 +

 L
M

N
N

o
34

N
T

Th
is

 re
po

rt

FU
S

p.
G

46
6V

fs
X

14
Fe

m
al

e
U

S
A

16
B

ul
ba

r
LM

N
 +

 b
ul

ba
r

N
o

22
 (1

5*
)

D
e 

no
vo

D
eJ

es
us

-H
er

na
nd

ez
 e

t a
l. 

20
10

 (9
)

p.
G

49
2E

fs
X

52
7

M
al

e
Ja

pa
ne

se
17

U
pp

er
 li

m
bs

  

+
 b

ul
ba

r

U
M

N
 +

 L
M

N
  

+
 b

ul
ba

r

M
en

ta
l  

re
ta

rd
at

io
n

N
A

N
T

Ya
m

as
hi

ta
 e

t a
l. 

20
12

 (1
0)

p.
R

49
5X

M
al

e
C

hi
ne

se
22

Lo
w

er
 li

m
bs

U
M

N
 +

 L
M

N
N

o
N

A
, r

ap
id

 p
ro

gr
es

si
on

 in
 

5 
m

on
th

s 
af

te
r 

on
se

t

N
T

Z
ou

 e
t a

l. 
20

13
 (7

)

p.
G

50
4W

fs
*1

2
Fe

m
al

e
C

hi
ne

se
18

U
pp

er
 li

m
bs

 
U

M
N

 +
 L

M
N

  

+
 b

ul
ba

r

Le
ar

ni
ng

 

di
ffi

cu
lti

es

N
A

, r
ap

id
 p

ro
gr

es
si

on
 in

 

7 
m

on
th

s 
af

te
r 

on
se

t

D
e 

no
vo

Z
ou

 e
t a

l. 
20

13
 (7

)

p.
R

51
4S

Fe
m

al
e

Ja
pa

ne
se

23
U

pp
er

 li
m

bs
U

M
N

 +
 L

M
N

N
o

N
A

N
T

Ya
m

as
hi

ta
 e

t a
l. 

20
12

 (1
0)

p.
Q

51
9I

fs
*9

M
al

e
U

K
18

U
pp

er
 li

m
bs

U
M

N
 +

 L
M

N
  

+
 b

ul
ba

r

Le
ar

ni
ng

 

di
ffi

cu
lti

es

6
N

T
B

äu
m

er
 e

t a
l. 

20
10

 (6
)

p.
Q

51
9X

M
al

e
Fr

en
ch

- 

C
an

ad
ia

n

20
U

pp
er

 li
m

bs
N

ot
 re

po
rt

ed
N

A
12

N
T

B
el

zi
l e

t a
l. 

20
11

 (1
1)

p.
P

52
5L

Fe
m

al
e

U
K

22
Lo

w
er

 li
m

bs
LM

N
N

o
10

D
e 

no
vo

B
äu

m
er

 e
t a

l. 
20

10
 (6

)

Fe
m

al
e

U
K

18
U

pp
er

 li
m

bs
U

M
N

 +
 L

M
N

N
o

11
N

T
B

äu
m

er
 e

t a
l. 

20
10

 (6
)

N
A

U
S

A
15

N
A

N
ot

 re
po

rt
ed

N
A

N
A

N
T

B
ro

w
n 

et
 a

l. 
20

12
 (1

2)

Fe
m

al
e

Ita
lia

n
11

U
pp

er
 li

m
bs

U
M

N
 +

 L
M

N
N

o
14

*
D

e 
no

vo
C

on
te

 e
t a

l. 
20

12
 (1

3)

Fe
m

al
e

U
S

A
12

U
pp

er
 li

m
bs

LM
N

Le
ar

ni
ng

 

di
ffi

cu
lti

es

20
D

e 
no

vo
H

ua
ng

 e
t a

l. 
20

10
 (1

4)

Fe
m

al
e

C
hi

ne
se

19
U

pp
er

 li
m

bs
U

M
N

 +
 L

M
N

  

+
 b

ul
ba

r

N
o

N
A

, r
ap

id
 p

ro
gr

es
si

on
 in

 

7 
m

on
th

s 
af

te
r 

on
se

t

D
e 

no
vo

Z
ou

 e
t a

l. 
20

13
 (7

)

M
C

hi
ne

se
13

Lo
w

er
 li

m
bs

U
M

N
 +

 L
M

N
N

o
23

N
T

Th
is

 re
po

rt

D
is

ea
se

 d
ur

at
io

n 
w

as
 d

efi
ne

d 
as

 th
e 

tim
e 

fro
m

 o
ns

et
 o

f t
he

 d
is

ea
se

 to
 d

ea
th

/ 
tr

ac
he

ot
om

y.
 *

, t
he

 ti
m

e 
fro

m
 o

ns
et

 to
 s

ta
rt

in
g 

tr
ac

he
ot

om
y.

 F
A

LS
, f

am
ili

al
 a

m
yo

tr
op

hi
c 

la
te

ra
l s

cl
er

os
is

; S
A

LS
, s

po
ra

di
c 

am
yo

tr
op

hi
c 

la
te

ra
l s

cl
er

os
is

; U
M

N
, u

pp
er

 m
ot

or
 n

eu
ro

n;
 L

M
N

, l
ow

er
 m

ot
or

 n
eu

ro
n;

 N
A

, n
o 

da
ta

 a
va

ila
bl

e;
 N

T,
 n

ot
 te

st
ed

. 



Zou et al. SOD1 and FUS mutations caused juvenile sporadic ALS

© Annals of Translational Medicine. All rights reserved. Ann Transl Med 2015;3(15):221www.atmjournal.org

Page 4 of 4

Acknowledgements

None.

Footnote

Conflicts of Interest: The authors have conflicts of interest to 
declare.

References

1. Kiernan MC, Vucic S, Cheah BC, et al. Amyotrophic 
lateral sclerosis. Lancet 2011;377:942-55. 

2. Orban P, Devon RS, Hayden MR, et al. Chapter 15 
Juvenile amyotrophic lateral sclerosis. Handb Clin Neurol 
2007;82:301-12. 

3. Kawamata J, Shimohama S, Takano S, et al. Novel G16S 
(GGC-AGC) mutation in the SOD-1 gene in a patient 
with apparently sporadic young-onset amyotrophic lateral 
sclerosis. Hum Mutat 1997;9:356-8.

4. Alexander MD, Traynor BJ, Miller N, et al. "True" 
sporadic ALS associated with a novel SOD-1 mutation. 
Ann Neurol 2002;52:680-3.

5. Keckarević D, Stević Z, Keckarević-Marković M, et al. A 
novel P66S mutation in exon 3 of the SOD1 gene with 
early onset and rapid progression. Amyotroph Lateral 
Scler 2012;13:237-40. 

6. Bäumer D, Hilton D, Paine SM, et al. Juvenile ALS with 
basophilic inclusions is a FUS proteinopathy with FUS 
mutations. Neurology 2010;75:611-8. 

7. Zou ZY, Cui LY, Sun Q, et al. De novo FUS gene 
mutations are associated with juvenile-onset sporadic 
amyotrophic lateral sclerosis in China. Neurobiol Aging 
2013;34:1312.e1-8. 

8. Hirano M, Quinzii CM, Mitsumoto H, et al. Senataxin 

mutations and amyotrophic lateral sclerosis. Amyotroph 
Lateral Scler 2011;12:223-7. 

9. DeJesus-Hernandez M, Kocerha J, Finch N, et al. 
De novo truncating FUS gene mutation as a cause of 
sporadic amyotrophic lateral sclerosis. Hum Mutat 
2010;31:E1377-89. 

10. Yamashita S, Mori A, Sakaguchi H, et al. Sporadic juvenile 
amyotrophic lateral sclerosis caused by mutant FUS/
TLS: possible association of mental retardation with this 
mutation. J Neurol 2012;259:1039-44. 

11. Belzil VV, Daoud H, St-Onge J, et al. Identification of 
novel FUS mutations in sporadic cases of amyotrophic 
lateral sclerosis. Amyotroph Lateral Scler 2011;12:113-7. 

12. Brown JA, Min J, Staropoli JF, et al. SOD1, ANG, 
TARDBP and FUS mutations in amyotrophic lateral 
sclerosis: a United States clinical testing lab experience. 
Amyotroph Lateral Scler 2012;13:217-22.

13. Conte A, Lattante S, Zollino M, et al. P525L FUS 
mutation is consistently associated with a severe form 
of juvenile amyotrophic lateral sclerosis. Neuromuscul 
Disord 2012;22:73-5.

14. Huang EJ, Zhang J, Geser F, et al. Extensive FUS-
immunoreactive pathology in juvenile amyotrophic 
lateral sclerosis with basophilic inclusions. Brain Pathol 
2010;20:1069-76. 

15. Waibel S, Neumann M, Rosenbohm A, et al. Truncating 
mutations in FUS/TLS give rise to a more aggressive 
ALS-phenotype than missense mutations: a clinico-genetic 
study in Germany. Eur J Neurol 2013;20:540-6. 

16. Ceroni M, Malaspina A, Poloni TE, et al. Clustering of 
ALS patients in central Italy due to the occurrence of the 
L84F SOD1 gene mutation. Neurology 1999;53:1064-71.

17. Mackenzie IR, Rademakers R, Neumann M. TDP-43 and 
FUS in amyotrophic lateral sclerosis and frontotemporal 
dementia. Lancet Neurol 2010;9:995-1007.

Cite this article as: Zou ZY, Liu MS, Li XG, Cui LY. 
Mutat ions  in  SOD1  and FUS  caused juveni le-onset 
sporadic ALS with aggressive progression. Ann Transl Med 
2015;3(15):221. doi: 10.3978/j.issn.2305-5839.2015.09.04


