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Key Words : postiraumatic cervical dystonia, fixed dystonia, mild traumatic
brain injury, axonal injury, complex regional pain syndrome
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EXRE S MERNEENS (mild traumatic brain injury
MTBDIEFR 1 KRT L) REBI Lo Qa9

s Y A b= 7 (fixed dystonia ; FD)¥% ¥ X
FETOGFCANBRECERWE VI ER
bHAHA, HBEMEDA b7 (BHEEAEY R
o7, EREYA P ST)FOKEDR T
ELTRDLRTEY®, S VR 2T
SbITRWTA P =T LEL LN TABD, Schrag
b OREFICBT AFDILLEEV A P =75k
{kREE (somatization disorder) % & & IEEEDHES:
THolh™, FD% “CRPS-1(complex regional
pain syndrome type 1 | SR BEIAEREE 1
#)and dystonia” LEEDRA TR 5EL b D
599 FDRIMER Y A b =7 (posttraumatic
dystonia : PTDYOEEICH Y, Z“RKHEVA b=
TREATIWEZZ A, ERMEBOERY
AP TOBEESH YO, MIBIZ L5 VA
FETOPTDOSIEEEZ S,

E M
O, ZEFR, SMEDOIE X TORA,

SMEORR, EROEM, ER, EROFE,
CRPS1OAE, MRIFTH, K, RISV
¥st L7, CRPS-1®ZHfidStanton-HicksH D3
Hd W (R 2), FDOBEIICRPS-1CY
A =7 %25 @O (CRPS1 and dystonia)®9 &
L7z, BRI ERo RN - BE oMy
Fik 3 e e L.

EFRDT LdeR I IRT.

(FEF 1) w6, S

T BOLERRE, GEMEToOW, HITHE
DEHELDE,

BEAERE | SR00E (64780F), 18MWE T MLRE (66
e, 7AYY YHRT COERTRICLIR
fE, REMBELTo7%).

IR | 66EFIC, HEMEZBE®ELLTL
kLt s, BhOEHARIBELA,
EOEBET P OIRNEE L 2T, AR
ok & NEEMCT % T S N2 Y B R T i fE
DEREL, BEZEDT, EHEXBEETY
RELZRDL oz, RERBES 7205, £
Lo tdd ) ABEMRE L7,

ZAEERA & 3 BRI OF mibESEE
B LIRSV, BRERSZ LIRS R

* Three cases of posttraumatic cervical dystonia. (Accepted September 2, 2011),
#% Masahiro HORIUCHI, M.D.: I £ EERETaENE(S214-8525 Mz THE R 1-30-37) ; Department
of Neurology, Kawasaki Municipal Tama Hospital, Kawasaki, Kanagawa 214-8525, Japan,
#** Yasuhiro HASEGAWA, M.D.: B ) 7 ¥ FEFKZEHZEANE ; Department of Neurology, St. Marianna Uni-
versity School of Medicine, Kawasaki, Kanagawa, Japan.
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2 IASP{international Association for the Study of Pain) DCRPS-1 £ CRPS-2 (complex
reglonal pain syndrome type 1 and 2) DEPERAHW (1904)

<CRPS-1>
OB R & T 2R AREND 50, BibE ot liNd sl L
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@A O LBERE 2 MoBHTHH A 2aRBAT 2
EE . O~-OoHBILETHS |

<CRPS-2>
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kT A NER LY |
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BT E .
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EE YN COEEFBEATHS

%3 EROELH

ey D - o ,
f?&fﬁ e opepy | ESME B R | Soc.)  MRIBER BiR Fh

al o | amm EEFEY o BERTR] & BUERTERERD) VE - CIPRL, .
bl Rl R () in3 i LT, prOw i
, vl g AEATEG] T F UGN EDIE T p—
PP A ER YRR B e () | BEEU lprvnar ey RO
3 mloa) o mxome| w [Ead m| Ly | mwey |[FRERREE A oo

CRPS-1 ! complex regional pain syndrome type 1 {(#& ¥ BFHENERE 1 &), CZP: clonazepam. BTX:
botulinum toxin (KW J X A#%%).

HHNT, SRR, S HPERICSREE N AoTLEw, DIviefod, Ri0EHEL

ahiz, AL, MIBIZBRI L.
SEERISRR R | Y. BohbiEsrRET, BERRENA L B0 ) VEEMR LR

HEET, ABEERGORHET2ED . ¥ BEENT, WP 1 IR CEY Y R AEE

ROTRIRETH Y, ToulAT7ORIOA TS (botulinum toxin : BTXEHLHA L ®2)
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WO E B2, BT EEFGICH BegZicr ok,
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VR P27 EAMEOMRIL, 19854 ZSchott!?
A“The relationship of peripheral trauma and pain
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1988412 13Suchowersky & Calne® A5 484545 22 )&
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Three cases of posttraumatic cervical dystonia.
by
Masahivo HORIUCHIL, M.D. &
*Yasuhiro HASEGAWA, M.D.
from
Department of Neurology, Kawasaki Municipal
Tama Hospital, Kawasaki, Kanagawa 214-8525, Japan
and *Department of Neurclogy, St. Marianna
University School of Medicine,

Kawasaki, Kanagawa, Japan.

Three cases of posttraumatic cervical dystonia caused
by traffic accidents are reported. For all three cases,
the insult was lateral and the patients could not rotate
their head to the contralateral side. All cases revealed
no abnormalities on brain MRI and cervical Xrays. Two
cases were diagnosed with fixed dystonia because of a
histery of complex regional pain syndrome type 1
(CRPS-1). One case was diagnosed with mild traumatic
brain injury (MTBI) due to accessory nerve palsy be-
cause of tension weakness of the trapezius and sple-
nius capitis muscles. CRPS-1 and MTBI were observed
at the onset of posttraumatic cervical dystonia,
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EEJ AL =7 (fixed dystonia ; FD) 1%, Schrag 5" 72004
AW BRI, FDREREEI CABBERRECHEE
EHRARL, WaeH) TENSL, TOBRBIEEEEHE
FHEERE (complex regional pain syndrome : CRPS) F 74X OH
VR PSTEEETAT ENHHY. Schrag b OWETIL63%
WCEHIER OMBENH D, AN LREREEZDTCHER, JHUER
SOOI CRE L bR R ST B O TR & 4
b, Fh, DEEVA STV EBRYA ST SEENS
2Y, BT LILENBLEELA. ’

PHENERDLIMESR VA P 7RI YRR, FD L
DR, BB OWTHRE LA,

&b LOFE

20064E3 A 520108 1 J £ T MRERENHEZZ L -F4
BRELESDLIMEE IR by LB SR 140 (Bl &t
91, FREER464R) W L TR, VIBRER, FBEES S
BOEE, WMELPOREE TONM, EROBM, ER THOF
#, CRPS type 1 (CRPS-1) OFE, &R, B FHhico
WCHET L7,

CRPS-1 M Hiid Stanton-Hicks 59 O &R Hwi. TDOZ
ik, CRPS-12YA =7 2#) b0 L L

AR, HRLNERA - PR OBTELEELBYETHE
[ Al

YWY 7 v FEEHAEREAH
(201046 T 10 HEN /2000410 H 13 H &%)

¥ S

14 PO Table LICE &b, E08E, THiE8%
HEDEIERVA P T RUTORMP TR LA
1. ETiZBENE L (98, BEEREIFELS I oL
2. Y58 » RUNICRET 2EFANS Moz (10H).
8. BEeZIECERIMABNKS o (128D,
4, W, BAHHEL, HEPHIEELAL, ZOREEI G4
CENRBERAS o7 (125).
5. R AE o, CRPS-1OBHEER KL Lizoizol
Thh, FDEBIFLA.
6. MRITREFRZEDL OB HOA TS o7z
7. RIEAEEELR NS WA, SRR muscle afforent block (MAB)
#EET R2hotulinim toxin (BTX) ¥4}, FRBAPHEL (deep brain
stimulation : DBS) %#HWAZXICL DEFAEE, hnLyE
LRUIIERR 105,
BT RSB 2 RO FERT.

E OB 7

Wk osmictE, FiBI. 20095 AILEE R oV E
25, BHEVERNMULRL ole. ARUNHESRTILER
BIZEBEEL2ED o/ dantorium soium, clonazepam % /L
FEAbUEETERAES R NRRBIE o, ‘

VB, ENAR MY YT OMAE D, EREEEEELS LT
BIEE ATHREREL#ED: (Fig 14), BREHOERED
Lot ENAAMY Y7 ICMABRERRIT LA L A
AL, AEIEITL L 2 ARETRRE 2ok,

= 8
BTkl BER. 1904EEEI VAL, 1BREEI Y
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Tablel Summaryofcases

. 8 A Injur;
No, e sge ?qxziset; ng:ce oty Location of Svmotom {Pain)  Abnormal MRI Treatinent Prognosis
‘ ) ™ 111 gy 1
(@i dystonia YMPIOMS  opps-1  findings 2 B
injury)
1 F 3 35 Crashinto  Lower Difficulty . (+)  Spinal canal Muscle Gradually
(B3m) wall by car  extremities, bending foot +  ‘stenosis at Css relaxant, progressing
Trunk MAB
2 F 53 52 Lumbar Lower Difficulty {+) Postoperative Muscle Progress
{1m) operation extremities extending foot - change at Thuz  relaxant, was
MAB stopped
38 M 59 57 Vehicle Neck Unablefotwrn - (+) None Anticholinesgic Gradually
{1m) impact head to the + agent, BTX, improving
from left right operation
4 M 23 22 Fell offa Right face,  Right hemifaciol (+) None Muscle Prog'ress-
{83 m) motoreycle  Neck spasm, unable fo turn + relaxant, BTX was
head to the right stopped
& M 85 32 Vehicle Neck Unable toturn  (+) None Muscle Gradually
(2 m) impact head to the left + relaxant, BTX improving
from right
8 F 68 60 Fell offa Right foot  Axched right {+) None Muscle Transient
{8m) bicycle foot + relaxant, improve-
MAB ment
ki 28 27 Fell on Left foot Difficulty (+) None Muscle relaxant, Gradually
(1m) stairs extending left foot + MAB improving
8 F 37 22 Spraindue  Left foot Difficulty (+) None Auticholinergic Gradually
1y touseofa bending left - agent,muscle  improving
sewing leg relaxant, MAB
] mathine
9 F 38 37 Shoulder Left arm, Difficulty extending (+) Spinal canal Mauscle Gradually
(12y) operation  Tyelid, Teft elbow and - stenosis at Cs-s  relaxant, progressing
for lipoma.  Bxtremities opening lefbhand, MAB, BTX
generalized dystonia
{left dominant)
0 F 70 67 Lumbar Left foot Difficulty (+) Spinalcanal Muscle Gradually
{unknown) hernia extending left - stenosis at Les  relaxant, progressing’
operation _ foot MAB, BTX
11 F 42 4 Neck Neck Unabletoturn ~ (+)  None Anlichlinergic  Gradually
(20 days)  rotation head to the right + agent, BTX improving
12 B 81 927 Lefthand  Lefthemi Left hemi- (+) None ‘Deep brain Incomplete
am) incised bedy (includ-  dystonia (face, + stimulation  improve-
wound ing face) arm, foot) ment
13 M 44 43 Face Face Blepharospasm, (+)  Blowout Antichelin- Progress
(3 days) contusion oromandibylar + fracture exgic agent, was
dystonia muscle stopped
relaxant, BTX
4 M 73 69 Spinaleanal Lefthand  Unabletoopen  (+)  Spinal canal Muscle Gradually:
(unknown) stenosis (Ces left hand - stenosisat C+s  relaxant, improving
operation) ' {post operation = MARB

change in Cs-s)

F; female, M ; male, m; month (s), y ; year (s), CRPS-1 ; complex regional pain syndvome type 1
MAB ; muscle afferent block, BTX ; Botulinum toxin
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C.Case 9 C. Case 9 {hand) D. Case 11

E, Case 12 (hand) ] ’ Case 12 (foot)

Fig 1.

A, Case 7 ; Patient experiences difficulty extending her left foot and has swelling of the foot.
B. Case 8 ; Patient experiences difficulty bending her right leg,

C. Case 9 ; Patient experiences difficulty extending her left elbow and opening her left hand.
D. Case 11 ; Patient is unable to turn her head to the right.

E. Case 12 ; Patient experiences difficulty opening her left hand and bending her left ankle.

VCHRUCERERBRRLTHD OV, ZOHIDERRY v 4% DI BED ol AOBEN, ¥ 7 2%, BREHIZMAB

BlWcERoME, RE, BRoMERALNIA. BRETHE BEEZHTLL LTS, REAENPRPEHELL.

THLRENE NS 2P ok CHEETtrihexyphenidyl hydro- & B 9

chloride, mexiletine hydrochloride, dantrolene sodium % &5 &

NBLEH ok, 2009ET o KEZHBLL. MPhe L, HHR LRENCEROBBEOBIEET
ATEIEAERD, REETEEL W (Fig. 1B). BES o7 200787 X WV EFORSRYBIUBEL, FEIAREE

MEHY R F=T7 179
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HEMEEFEFEHRENL, FTHRIBLAVFAZESLIK
ok, DRESRBRELZARLCEELAL A, HEMRIT
Css DRI OLEBRFA~ORME LD, HBRETAL WL, &
FIRAEREZZ L.

B, IEFLBTH LD BB THA R, REPHR W
BV R o7 B L B8BTS BUEAFRRHHEKRTH
o7 (Rig 1C). BRPLFBICBTXEFEFT o TV EY, HAP
BHRERERE LTV S,

E W o1

Mgk ket £H. 20083 HIZERROY ¥ Y I—AT,
HEIIF-BONTHERHD L. BAYVSE, ZO0RENIOY
FELRVERM XS LD, SFHBEREELRDL. EHkE
ENBEEZTES, B HESMRILRAREZRD o0 5
AR O HIERE 0B NG L ) BRMEREAWI L 24% i
BRTRA M ARE OBk REAREELZEZ LA,

BoLENE, AR Wz, SRERICIATHEEHZ
%, Tsui's score® X 17K TH o7z (Rig. ID). trihexyphenidyl
hydrochloride, clonazepam @S IZINZ, FEH A I BTXEH
FAMMBEATLA L A, FEI2A IR S L Tsui's score d
5ol

E W 12

BRI, TR 20069, NFIZEFIELLTH
Bl 0% EPELR E5 FHET, 2EZELL
17 Bt EFEERLTYRAMTHEESLBLI1CAY, BE
CHEFTMCO VR o788l AL, BRROFIIIETED
VAT EE)  BEERTIIERo7, GEEEZ2RT TR
BARMBHEI R bo7 4 — 23 YR b7 ) LOBRERE,
HRIEEBIXERRED CHo e, A ¥ Kot VHK
TuREZZ L.

VPR, AREHPLATEC, EOSDEELTAENEEL -
RELTCH-o % ELBELA VA PTERECEHLELTBY, ERY
RENTHELCBY, EARFITHESETUE TS
(Fig. 1E). ZEFHYAPoT7LER DBS2EIDL. 20k, HE
BECDBS 2 T2 Rl E LW, HEFTIMEEOW (EETR
oz,

% £

IA P27 R TEHERREE (QCh) OBRFRHINGEIC Lo
T FEOBELLESIEESNLRBE] LEHITVIEY. F
VAR TRADEG 2N SELROTOY T AOEFETRY
BWMRLDNVAE, HFOPTIRYES, 032 T5% AH
DNESOIFNTITHBILE LTS, YA L=7 TR, 25D
GeeHET AR0OT 2 Y S AR, BRFERLABELRL
Ll ko lRBIzh A,

VA b=7 &SMBOMRE, 1985484 Seott™ A% “The relation-
ship of peripheral trauma and pain to dystonia® RSXTWVED
AR EFZ b S, 19884 121d Suchowersky & Calne ! #¢ {18

MR ERCHEAEL RBERRT, RELESERLEVR IS
7EHMERES EEHELTEY, SMEL YA VT OMRICIREO
e  oMENS Y, WEOMEIBHLENTWS ™, Schrag
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BIL 103N FD BB ZMELTWAY, JMEEA 3% THY, FD
DEM L LTCIEBPEN6% TH 522, HPEOIGHRIA =T
OHERL M, Sa bEABROBAEIEVER L REBE
REBERV AT EIBHARELTWAE?, e d 14Ph4H
(28.6%) AFEMCHELCTHY, HWMITHBUO—DEERD
b, :

Jamkovie & Van der Linden, Bhatia b @HEHR VA =7
DRI EHERRAEE YA P a7 4 — (reflex sympathetic .
dystrophy : RSD) OMEITRBE B LHE L Twb, RSDICE
VAL TRRBEERTHZEFMORTEY, van Hilten b
HEHADOREAN = HENCHET 5 CABAREEN—0TH 2
baclofen DEBERIZ S L Y RSDBZO VA b 7 FHES N
TEEHREL, RODOBBI BV THEHSOMSERBLTY
22, FHIMETRMOVA o7 ichon 55" 3 5.

RSD 3 BB 5% % (International Asseciation for the Study
of Pain : JASP) ORIFETI19044EI0EILSh, HABIERE
BRE1E (CRPS-1) 2V I HBREBEINTVE®, Gosso bl
CRPS-1KZVAPSTREIDOEFDE LTSS, F72, CRPS
BEOHBU CHEESNEEFEE LB EHEITY
BN, Bh OBETE, SMEBRTA ST 4HD) Lo (643
%) HFD &R SN '

Avanzine 5 {3 W B 2 B N BH (short intracortical inhibi
tion : SICT) &% {EER LM (contralateral silent period : CSP)
ORFRBHAREGE IR b2 7 BE L FDBEOREARERIZE
WCREBREL Y DHFRCETLCEY, EE0REAEE (ab
normal cortical excitability) 72¢4 ZEERB OV 2 b o7 12308
DREFHTCHALABNTNS, TOLDFDOERICH, BREY
VA =7 BEFLRRHT Y V8§, PRS0 RIS
EARTAERONBIBERE S, $7-, SEIR14FHEAR
MAB#EHE P BTX 4, DBS##A Lz k25, #IFHELE, 2w
LEEPRUERAZ WAZDACE LS, FMEETA b =7
IR IR O EE T RA L LR S A L E L.

SHEDSHE CHROMBA LI T IHE L UGG AE (fibromyal-

" gia) hd 1), CRPSE WML TWAY, BENBm clXyiE

FHI LRV, FDOERIRRSCE 6 A TR, DYT#RIZ
FOMELTENTHHY. rof FREOEZHA TR - KK

TAN, REARTUL Fehbsb ek, [Fuf FHEE] tw

J30NBHY, HFBABEZERBESBwEVDRTWS®, FD
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Evaluation of Posttraumatic Dystonia in Our 14 Patients

Masahiro Hortucki, Yasuhiro Hasecawa, Futaba Maxr, Toshiyuki YaANaGisawa

Department of Neurology, St. Marianna Universiﬁy School of Medicine

We investigated the clinical features of our experience
with 14 patients with pesttraumatic dystonia. There were
nine female and five male patients, relatively young. Ten
cases experienced an onset of dystonia within 3 month af

ter injury. In 12 cases, the dystonia began on injured side.

The extremities and neck were fixed and those areas were
gradually expanded. All cases experienced pain and nine

182 FAsEHE Vol.28 No.2 (2011)

cases were diagnosed as fixed dystonia with complex re-
gional pain syndreme typé 1. Only six cases had abnormal
MRI findings. As this was difficult to treat, patients ve-
ceived combination therapy, such as musele relaxants and
botulinum toxin injections.

Pain was a contributing factor to the advancement of
posttraumatic dystonia,
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Introduction

Although the pathophysiology of Parkinson’s disease (PD) is still
a topic of debate, the current consensus is that the cytoplasmic
accumulation of fibrillar o-synuclein (#SYN) in the affected brain
lesions is a hallmark of the initiation and progression of the disease
[1,2,3,4,5]. In human brain, aSYN is enriched in presynaptic
nerve terminals and is mainly detected both in cytosolic and
synaptosomal fractions [6,7]. On the other hand, both monomeric
and oligomeric aSYN has been found in the neuronal culture
medium as well as in body fluids such as plasma and cerebrospinal
fluid (GCSF) [8,9,10,11]. The existence of extracellular aSYN is also
supported by the fact that the hydrophobic core region of aSYN,
termed NAC (non-amyloid-p component), is observed in the
extracellular senile plaques of Alzheimer’s disease (AD) [12]. The
biochemical influence of extracellular oSYN is not understood yet,
but @ wvitro generated soluble oSYN oligomers can induce
transmembrane seeding of aSYN aggregation and eventually
cause neuronal cell death [13]. The intercellular transmission of
aSYN is also verified by co-culture experiments and i sivo animal
models showing that aSYN aggregates released from neuronal
cells can be transferred to neighboring cells and form intracellular
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inclusions [14,15,16,17]. Moreover, it has been shown that oSYN-
containing conditioned medium not only induced neuronal death,
but also triggered inflammatory responses in astroglial cells [15].
Finally, the i vivo cell-to-cell propagation of pathogenic protein
was strongly supported by recent observations showing that
aSYN-positive, Lewy body-like cytoplasmic inclusions were found
in fetal mesencephalic neurons that were transplanted into the
brain of PD patients more than a decade ago [18,19,20]. This
scenario is immensely attractive as an acceptable explanation for
the clinically observed progression of neurodegenerative diseases
as well as the stereotypic spread of Lewy pathology suggested by
Braak and his colleagues [21].

The cellular and molecular mechanisms by which intercellular
transmission of infectious prions occurs are still enigmatic.
Nevertheless, several reports revealed that both normal cellular
prion protein (PrPc) and the abnormally folded pathogenic form
(PrPsc) were associated with nanovesicles called ‘exosomes’
released from non-neuronal and neuronal cells [22,23,24,25].
Once released from a cell it is proposed that exosomes could fuse
with the plasma membrane of neighboring cells, transferring
exosomal molecules from one cell to another. Vesicles with the
hallmarks of exosomes have been detected in a large variety of
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biological fluids including saliva, serum/blood, urine and CSF
[26]. Very recently, it was shown that part of the cell-produced
oSYN can be secreted via an exosomal, calcium-dependent
mechanism and that the exosome-containing conditioned medium
from oSYN-expressing cells caused the cell death of recipient
neuronal cells [27]. Another piece of evidence showed that
lysosomal dysfunction led to an increase in the release of SYN in
exosomes and a concomitant increase in aSYN transmission to
recipient cells [28]. These findings raise the possibility that
methods to prevent pathogenic protein trafficking and propagation
could be designed from insights concerning the mechanisms
involved in exosome biogenesis.

Multivesicular bodies (MVBs), the endocytic organelles from
which exosomes are derived, are generated from the invagination
of the limiting membrane into the luminal space [29,30,31].
MVBs are involved in the sequestration of proteins that are
condemned to lysosomal degradation. An alternative destination
of MVBs is their exocytic fusion with the plasma membrane
leading to the release of intraluminal vesicles (ILVs; i.e., exosome)
into the extracellular environment. Mechanistically, the sorting of
cargo proteins into ILVs from MVBs is a tightly regulated process
that depends on a functional complex called ESCRT (Endosomal
Sorting Complex Required for Transport) [32,33,34]. This highly
conserved machinery consists of three distinct but cooperative
functions: first, it recognizes ubiquitylated cargo protein; second, it
promotes membrane deformation, facilitating the cargo to be
sorted into endosomal invaginations; third, it catalyzes the final
perimeter membrane scission of the endosomal invagination,
which forms ILVs containing the sorted cargo [35]. During these
processes, AAA (ATPases Associated with diverse cellular
Activities)-ATPase VPS4 (Vacuolar Protein Sorting 4) is required
for the final ESCRT-disassembly, which completes the membrane
abscission and is thus indispensable for MVB biogenesis [36].
Functional VPS4 is composed of two parallel hexameric rings
made of VPS4A and B. It is known that VPS4 paralogues are
differentially expressed in different organs, e.g., the expression of
VPS4A is higher than that of VPS4B in mouse brain. [37].

We now report that, in contrast to PrP, extracellular «SYN was
mainly detected in the supernatant fraction rather than in
exosome-containing pellets from neuronal culture medium (CM)
and CSF. Furthermore, perturbation of MVB-exosome genesis by
dominant negative (DN) VPS4A unexpectedly increased extracel-
lular aSYN concomitant with decreased lysosomal targeting of
oSYN. The aberrant secretion of oSYN induced by VPS4
malfunction was effectively restored by the functional disruption
of recycling endosome regulator Rablla. Our results uncover a
novel functional role of the MVB sorting pathway in the
extracellular secretion as well as lysosomal targeting of aSYN.

Results

a-Synuclein Is Present in Endosomal Compartments

In eukaryotic cells, endosomes comprise three different
compartments: early endosomes, late endosomes, and recycling
endosomes. They are not only distinguished by morphology,
differential density, and internal pH, but also by the specific
localization of Rab GTPases [38,39]. To determine whether
aSYN is actually localized in the endosomal compartment in
cultured cells, we transiently transfected Myc-aSYN-expressing
HEK293T and human neuronal SH-SY5Y cells together with
EGFP-tagged Rab GTPase Rab5a, Rab7, and Rablla, which are
indispensable effectors/constituents of early endosomes, late
endosomes, and recycling endosomes, respectively [39]. The
reason why we used HEK293T cells is that they are very easy to
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transfect and the level of protein expression is very high. As shown
in Fig. 1A and B, exogenously expressed aSYN in both cells was
clearly detected not only throughout the cytosol but also in
punctate endosomal structures, which were positive for EGFP-
Rabba, Rab7, and Rablla. The partial co-localization of
endogenous oSYN with endosomal Rab proteins was also
observed in human neuronal SH-SY5Y cells (Fig. 1C). The
patterns of distribution of EGFP-tagged Rab family proteins were
quite distinct from those of the EGFP-expressing cells, showing
diffuse cytoplasmic signals throughout the cytosol (data not
shown).

a-Synuclein Is Detected in Supernatant But Not in
Exosome-Containing Pellet from Neuronal Culture
Medium and CSF

To investigate whether aSYN is released in association with
exosomes into the extracellular milieu, we induced wt and A53T
mutant oSYN expression in SH-SY5Y cells and examined the CM
as well as whole cell lysates for the presence of aSYN (Fig. 2A).
The collected medium was further separated into the supernatant
and an exosome-containing pellet, and the successful separation
was verified using the exosome marker Alix. After induction,
oSYN monomer and high molecular weight (HMW) a.SYN smear
were significantly increased in the cell lysates. A53T mutant aSYN
had a high propensity to form HMW smear, as previously
reported [2,40]. Following the induction, wt and, to a lesser extent
A53T mutant aSYN, in the supernatant of CM were easily
detected and dramatically increased. However, the expression
levels of aSYN in the exosome-containing pellet were very weak
and unchanged even after the induction. Thus, it is supposed that
the majority of secreted «SYN in CM is not concealed in exosome
vesicles, but released directly into the supernatant. We confirmed
that the presence of oSYN in CM was not attributable to
disruption of the cellular membrane since Hsp90, the most
abundantly expressed protein in the cytosol of eukaryotic cells,
could not be detected in the samples prepared from CM. To
confirm the extracellularaSYN localization in more detail, the
resuspended exosome-containing 100,000 xg pellets obtained from
CM were further analyzed by floatation in a continuous sucrose-
density gradient (Fig. 2B). As expected, Western blot analysis of
the separated fractions revealed that PrP migrated near the top of
the density gradient with concomitant enrichment of the exosome-
associated proteins, Alix and Flottilin-1. By contrast, only trace
amounts of oSYN were broadly detected in the sucrose gradient
and no exosomal enrichment was observed. The separation
appeared to be successful since exosomes have been reported to
float on sucrose gradients at density ranges depending on the cell
type [41].

PrP can be detected in several biological fluids such as blood,
lymph, and CSF, which are confirmed to be sources of prion
infectivity [42]. Furthermore, exosomes isolated from ovine CSF
were an efficient means of enriching PrPc and PrPsc suitable for
detection using Western blot analysis [41]. While detectable
amounts of oSYN have also been identified in human blood
plasma and CSF [8,9,10,11], it has not yet been determined
whether oSYN is enriched in exosomes derived from CSF. In an
attempt to examine whether CSF-derived exosomes were enriched
in aSYN relative to neat GSF, we pooled GSF samples from five
different PD patients together with age-matched controls and then
the exosomes were isolated by ultracentrifugation. Equal concen-
trations (50 pg per lane) of total CSF samples were loaded
alongside CSF-derived exosomes and then probed with anti-oSYN
and PrP antibodies (Fig. 2C). The amount of PrP detected in CSF-
derived exosomes was enriched compared to neat GSF in which
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A HEK293T cell

EGFP-Rab5a
+hyc-aSYN  +Myc-aSYN

EGFP-Rab7

EGFP-Rablta
+Myc-aSYN

EGFP-Rabba
+Myc-aSYN

EGFP-Rab7?
+Myc-aSYN

EGFP-Rab11a
+Myc-oSYN

C SH-SY5Y cell

EGFP-Rah? EGFP-RabSa

EGFP-Rab1ia

Figure 1. ¢-synuclein is present in endosomal compartments.
Colocalization experiments of Myc-tagged aSYN (red) with endosome-
associated EGFP-tagged Rab proteins (green) in HEK293T cell (A) and
SH-SY5Y dopaminergic neuronal cells (B). The subcellular distribution of
endogenous aSYN was also examined in SH-SY5Y cells expressing EGFP-
tagged Rab proteins (C). Cells were fixed 48 hours post-transfection and
were subjected to immunofluorescent analysis. In both cell lines,
exogenously expressed aSYN was detected not only throughout the
cytosol but also in punctate endosomal structures that were positive for
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EGFP-Rab5a (early endosome marker), Rab7 (late endosome marker),
and Rabl1a (recycling endosome marker), respectively. Nuclei were
conterstained with TO-PRO3 iodide (pseudocolored blue). The inset
picture is a magnified picture of the square area. Immunostaining was
performed three times and the experiment three times with the same
results. Size bar: 10 um.

doi:10.1371/journal.pone.0029460.g001

signals were only weakly observed. We confirmed that aSYN was
weakly but specifically detected in neat CSF; however, we failed to
detect oSYN-positive signals in CSF-derived exosomes by
standard immunoblotting technique. There was no significant
difference in the expression levels of CSF aSYN between PD
patients and normal controls.

Expression of DN VPS4A Leads to Increased Extracellular
a-Synuclein and a Parallel Decrease in Lysosomes
Exosomes, by definition, correspond to the ILV of MVB, and
therefore targeting a component of the ESCRT machinery could
be used to interrupt protein sorting to ILV and exosome formation
[22,30]. In fact, it has been shown that disturbed ILV formation
by the over-expression of DN-VPS4A induced PrPc entrapment at
the limiting membrane of endosomes in rabbit epithelial Rov9
cells [43]. Thus, we hypothesized that, if aSYN secretion largely
depends on exosomes as well as PrPc, functional disruption of the
ESCRT components by DN-VPS4A could decrease extracellular
oSYN. To prove this, aSYN-expressing HEK293T cells were co-
transfected either with 3XFLAG-tagged wt-VPS4A or DN mutant
(E228Q)) VPS4A harbouring a single amino acid exchange in its
AAA domain [44]. Forty-eight hours post-transfection, the cells
were harvested and sequentially fractionated into cytosolic,
endosomal, and lysosomal fractions. In parallel, proteins in
cultured medium were isolated by TCA/acetone precipitation.
All samples were subjected to immunoblot analysis and the relative
purity of the fractions was assessed using antibodies against specific
markers including LAMP-1 (lysosome), Rab5 (early endosome),
Rabll (recycling endosome), Hsp90 (cytosol), and BSA (CM),
respectively. The results, shown in Fig. 3A, revealed that
exogenous expression of DN-VPS4A, and a lesser extent wt-
VPS4A, caused an unexpected increase of both monomeric and
oligomeric aSYN in CM compared to mock (3XFLAG peptide)-
transfected control. The partial increase of aSYN secretion by wt-
VPS4A expression could be explained by previous data demon-
strating that even wt-VPS4A was able to negatively perturb the
ESCRT pathway when heavily over-expressed [45]. An intriguing
finding was that the increased aSYN secretion into CM was
accompanied by a slight decrease of lysosomal HMW oSYN
smear (i.e., oligomers), since the autophagic-lysosomal pathway
had been thought to be essential for the clearance of aSYN
aggregates [46,47,48]. In accord with these findings, we confirmed
that bafilomycin Al, a cell-permeant inhibitor of vacuolar type
H+-ATPase, which plays a pivotal role in acidification and protein
degradation in lysosomes, induced the buildup of cellular «SYN
oligomers in parallel with the increase of its extracellular secretion
in a dose-dependent manner (Fig. 3B). It is also interesting to note
that the accumulated aSYN oligomers in HEK293T cells were
prominent in CM, endosomal, and lysosomal compartments
compared to those in the cytosol, which is in good agreement
with a previous study showing that «SYN is more prone to
aggregate in vesicular structures compared to the cysotol [49].
Also note that endosomal proteins including aSYN seemed to be
heavily ubiquitylated compared to oSYN in other fractions. As
previously reported, immunostaining revealed that exogenous
expression of DN-VPS4A in HEK293T cells led to the appearance
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