A BHMBILE (MS) 75

L, BEPSFEINILS, IFN-y ZEAT S5V SA—=THI 1A (Th1#il) 23552
FBELEZONDH LN, FOBRRIEIC 2> T, IL-17 24T 5 Thi7H#IFL2S, BHS
REEBOFERICEELEZZ5NDH LR D, MSIZBWTHZOMEATRBENTVR LY,
DD X5z, MSIHHEMEOYIR (X W03 ) U0 F B TH A57) ZHERIC L7z
HOGEMRETH L LEZ LN TV,

F 72 RPEROS & S HMERIE O R Z R T & F X FRMIFERERL S, REY 27 Al
5 WMAET 2 A BEFOMH T b Nz, CO/RE. BoRABARIZBWT Y 921
HLAZG % 32— R L8EDNT T Y 4 TPREBEFMY) AT THDLI EDVPHL IR o7
(DRB1%1501 £ DQB170601). @ Z L AP ARG T AHMEBIZMEG L TWAHI L EZRLTHE
D, CO4MtETHIRD 2270 ) % S HITRIBT AFERTH 5.

g AT A OPEESEE I MS ORI HYE LT AL H A, ZHUTEAEETFIVTEE
LWHRED 3 ST w525 CD25 2 568LL T % CD4RE TAlIE (%K F & L T Foxp3 %
FEHLTWD) FIL-10%2 0w, BEML L EY A Mo 4 > 20 L THEBENICE RSN
THllgZ #H LT, o X9 Rl THINE (regulatory T cells © Treg) ORIV MS DFE
JEICEH LTV LR L D 5. MSOWEBEEL L TIWCR T & 11T\ % glatiramer acetate
X, 40D T I VEBTHIR AN R Y XTF FOIREGW TH 575, CD8FMETHIKLG HLA-E #
A LT CDAMYE THINE 2 RINAY (B LT WA T EAURENTHB Y, CO8BE TN/ L
7R EYE CDA B YE TR O At > 2 7 2 b IR G- LT A aTHEMEA S 5.

L LCD4BPETHINE 7 T4 <, CD8F P THINL b BB ICH S L Twb Z LAURE
ENTWDH., MSTREAT TIIEO LTIXCD8R M THINED 2 ) 2SCD4EHE TR L W £ <, &
B OB TEH 205, THIRZZE (T cell receptor : TCR) DIFNTIZ X Y IREFIZBIT 5
CDSBETETHINLD 27 0 —F VR HME S Tw A, F/CDSRBIETHIIE X ) FHH2
HEAEEFNVLIEREATHEYY, NS5O RIICD8HTETHMMLO MY % 84 5. B
DA, CDSBETETHINE I CD4 B THIIBIC X o THEMR S 172 558 KIS o R il & MRk E
PR L TV AL EEZLNTWA, LB EEZOWTIE, HLAZ 7 A 1 FE2 5B L
7z B % CD8 Btk THIZOSUIRT 3 2 BUE 23 g8 2 v T w 5.

—7, BABAOMSTIZA Y T2 0 —F NNy FOFEFER G index D &2 S Bk o 56
PEITTY) VHEENPTELTWA I EAIURENTEY, INSIEBHMBOME 25bE AR,
THAH. MSTIZBERHIZMBP, PLP. MOG., I VB HEHE (MAG) two/z3x
UYERBICHT AHCHAZRD L ALY, £330 VAT TARCEMBICRBT A&
E1 T 5 neurofascin®® . contactin2” {2k T AHAR L ME STV A, HHL L A%EREC
Wik o 7)Y (EI21gG) PEDHLNTWAY, —EHOMSBHEOHMIZIL, B
oA YRGS A S, BT ARBEORMEIBE AN TYwAY, Dok Ak
A2 SHMEBCECHAVPES LT b EE 2 5L BHMlROBEIRIEZE NS, £/72CD20
T HE 20 —F VPR TH 5 rituximab (2 £ 0, BHEHREORELZLENESNTY
HZE 25, BHMBIILIZEZ SN TW/ 2 L) MSOIRREIZIAHICHAE L T ATWHEENH 5.



E21E REEPRBRER

BRFS

- MSDEZERIET BHEE LT, MR @ﬁﬁa HAS %@%ﬁgﬁmm'é%%@ﬁgfm% <

l__ﬁﬁbﬂfb\% :
- BEMRAIER T, M%EH@@bﬁM&ng Eﬁh@@%%ﬁ%@77 7(wmd
ime%M%rTE&bﬁbh% ‘ :

"]_%@Ermarm“

MSORZEZ BT 5 HHEE LT, MRULAFHAE . McDonald 5 (2 X - TR 24T
WABMEEDORTY, MESEIVITHLNZL00, TOBEERIIEA L LTEIMETTS
NTWw5s (E2)Y, —#ZICMSOEEMRITE T, S E R S K0P 8 Rl A
BT 77— 2 (ovoid lesion) RMERELR ERA LS (Bda). BETHEK
iy 72 U-fiberJ%%. T1black holef®E R LR 5 NAZ L H A, HFHMRI T, HWHEIT
2HERZBA TR TRBES2ET A2 LML s s. MSOAMWHIRRE T, 7 Fy=
A Lo THBMHMEZED L L% (F4b). ki, HERRNLOO, EEMRERN
Y Y VIR THHEHSCBAYEL Bh D, —H2NEY LT v % open-ring sign i MS (24§
W TH B EENDY. 7, MRIOAERIZ L ) HFERICT TIZ50~80% D BH TEAI %
FEERHO TV LI LFWEZINTE), TORITORMGRAGY, TOROTHUEL
FHIHILLWMESINTHD

—H T, M???*U/4MQM)#W%&@$%Qi FHUZ3HEAL LORKRHE
RRDHIENEL, IREOEREETIIEEOR NS Kk L THABOREEZFED 5 2

2B EOEE L 2EL EOBKRHOMERRERE &L
2B EDEE & 1 EORKIERRE TTRNSHOEE (a)
1 EDERE & 2@ EDERKRIMESRE BRINZROEE (b)
1 EIDBE & 1 BEOBRKRIMRERRE (CS) TENSROERE () +EENSROEE (b)
1VEY FETHOEEERL, A DUTD3IDND552D
EREled
OMRICHWT, FBevaEE HEAE KRTET
MSERB T HETHEDIERE (PPMS) TV T, B 028 LI DU EDT2RE.
@2EL EOEFEMRIRE
GfERA YU dJva—+Ib\> RiEME & L<IkIgGindex
DrE
(3) ROVWThHEHET. OMRICBEVT, $58sEE M2EE, ETET, F> T, &) 02860 E
1 DU EDT2RE. QFIEORRITHER T 2EERMIEE (£15D).
by MOVWTNHERBLE. DMRIT2DLUEDTHEEANDY, 1 DL EDEERES 1 DL EOIREERE. O
BLUEMRITHTZ R T2REDRSS, HHWVEHERRE. OFIX20BDORKRMIEER (BHD).
(TER20 K HEIE)



A BREBE MS) 77

23458 o TI3%EGd (+)

a . T258EAEEEA MRIER (R . AIMEREL SAMBEICEEABIRU B0 75— 7 P
PIRBEIREDNHBNS.

b : GAEE T BATBLBMRIER GEREN. AR ZILATEBRINDRENMHEIN, atEomEs
THBT tf)‘ﬂ‘@éﬂ%.

ENZn. E502, KMHEICIGREZED L5680 H ), TORBILHEFC L) TPk Tdh
HZEs, B HBRHEE T CEFEMEETH 5 R S HE ST L%zm‘

RER

s MRRE CEFRNGARREIEZ L <, tEE (NMOPHOBERELE) & ?uam,mﬁm
BWERERREOBEMICIThNS.
BRI S BRI REON 23 TIIERTH 5L, BEHICIREOMBEL I KELE
BIAIRENZT EHHS.
BER TIEMBP O LR, 1gG indexD LR, 88RFT DA U I 0—F LN REEGEANHFSND
B, OSMSOIEEIEA ) 70— 10/ REBEHRHMEL.
FHEBUBEIIMRITIEEEHINEWEEDIIRHICSW I ERBICERATH Y, SEFEEMN
(VEP), {RMRREFFFEM (SEP), BEEEEREMU (MEP) HEABLILNS.
- BREBABEG, BEENICIRENHSNEBETE, BEFRROREILERTHS.

@

@

@

"‘&s‘« l&mﬁ
CERZMEFTRIZZL , @BENMORMMOBER 2 L & ER, HEORIE

3 E@ta@é’ﬁb/lfa WAENMO & OEH 72 X% HAYCPLAQPAHUEZHIET A 7 — AN
ML Tws,



E18 RBMPRPRER

BERIRE

MEE L REHRIIAEON2/3THEETH S, 72720, BEHCIBEOMBEES (B
BERCHIRE50/ LT LREREEN REHER100mg/LIT) 2SA51 52 LHS
5. BEECEBER T ICMBPA LR L, (Ong/mLELE), BEESEIEE WY 5. IgG indexid
PFTEET 5 (EHTIZ073LLTF).

IgGindex = [(BifIgG/ MiEIgG) / BERTNVTI v /MIETL T3 V)]

BRROMS TP OF ) T2 10— F Ny FA90% L EICHELT 5 L ME STV B2,
EROMSTHHKREOMST0~70% 0 YL 2 5. 2R EZBHLE 5. —ERECR
L, ZOBEEBHEAT S LR, PPMSTHEHBMIZBE IR A, T U ITru—FVIgM
NV FRBEBICIET L OfREL H 5.

72721, CMSTIZA Y T/ 0 —F VIgG/N > F2 3o 58 E1377% 7245 OSMS ¥ NMO
TRIO% L BN L PMESATE ), WARRBICEEZET Y. 72, OSMS* NMO i
IR OMIBE S 20 b 2L BH LD LM TH

5.

R4 IRFHRE
MST X L HWH A MEEMPANRELITFREMMETH S, MSIIZEHNE BRE L
Bl 3505 BRIER L HREENIT R 5 XRITN 2 WERM S E SN2 S &, MRI
TIEHL P RREFHH EN LRV L RHFEOZH T LE LSRR SN A, FUd, MRIA
M2 R LTV AICEET, LT LLBRMEILZREL ThinwI ZiSEF LT
W5, FBIREMRAL ) LZMRITEAH S M2 WREOFERIC BW TART R REETH
5. Fl, o BWREEZED 2 VEEMREORIBICLEATEY, MRIZOEHT A
S EICE D) EMNERMEREDORICKRELFS T 5. MSOBKRT L CHW SN LHEFREN
WAz, HEFIHEN (visual evoked potentials: VEP), B EFFHENM (somatosensory
evoked potentials : SEP). EEFEFENL (motor evoked potentials : MEP) 7% 5.
1) REFRSBM (VEP)
VEPIEMSIZ & 2 ik 2 i3 5 B Cirb N 5. HAMRREEIIMS 2 B0 5 K
BIEERD1DOTH A28, WEOHRELMFOMRITERFEZRELAZVZLF LI LETDH
H, HBEEEORE L MRIFTROMIZELT L BRI L% w. £7:. @FOMR
7 BB RETREES 2 VIBEIB L TH, VEPIZ L ) #EN 2 WA O Bas i B E % fE32
TEHILAHY (@5, VEPEMSOBMOBRI B TEELRETH LY. Fhik:
Y, AR OIEIR TH%T 5 3E O dinically isolated syndrome (CIS) <., MSESto#%
BoOWAH W THTT S L7 MRITHBAMSEIREN A D7 o 7235& (radiologically isolated
syndrome : RIS)7 T, #HAMKEORHIZIIVEPOFHUNH L EZ SN S, L-F
THHN A VEPHHEB OB FHR/NY — ¥ (checkerboard pattern) HIHEIZ L 5 VEPT®H D,
PIOOEOEREOA T2 ki E (BB L 2 HMROEERE) OHEOHREL LTy
5 (E5). HETANEALLT BRNICHIPEELTL VEPTROZLIZRETH D,
BEHROESL PR HEFE LV LASVANETOAS (85)7.
2) AERBFEREM (SEP)
SEP B AMBEROBEN 2TM 2T IMETH ), MOFBHEMBEE X FARCEEG TRE



A BIMELE (MS) 79

Right Left
VA=10 VA=10
e -
109.2 - 113.4 =
VA=1.0 VA05Emm%%%%ﬁ
14£10 5 B EEEEHETHY
AEEPI00EERE
114.0 129.6
VA=10 VA=10
EBRDE
2482 5 B Wa&% Lizhh
EBEP100IEE
124.8
1134 VA=10 VA=10
BHETEL
A2 KA - M B PI00ES
\J" (BIEHRE)
1236 139.8
buv
0 100 200 300msec 0O 100 200 300msec

. —h, BRERSSEERD, VEPPRICEHEVEEEEX

TLELN.
(SRR 25 &0 31 HeEE)

LABRWIREOMMIZHHATH S, SEPIE, Ll (EH, RAagmis) HarwId T (BIKE,
PR RIS ORI 2 B R R 2 5 WAL TRiERT 5. ROMEREREHICIBE-N
PIEH R & FRESURIER2SH D . BT FICERIMEOMGE - IREVE - IS EE 25, BE
R - ER 2R TV 505, BERIBTIT ) Vv —F > O SEP TEHMIi T & 5 DIIRTH ORY
Thb. Efes PR THET 5 L. EbSIckE LERE2? SN, SEpzeR T
N13, FORBEEHCHDT HEE L TIEN220EE SIS, NI, N13, N20DFAFEIZZn
Zn AR, BB, KNEERET (hOBEEREDY) LEsNTwLA®Y, #K
FAARERE R R BEER TR A L. BAMEMERIZSE B2 5 N17.0 B12WHEB SR L2 5
N20. EOREI ST AHHE L7 5 P37 255882 L b, N17. N20. P37 DFsAERIZF1
FRER, E~BHa, KBEEREY (PLBRERELY) THH5Y. £FEKTO
THRER - IRIE. B X ON20 & N13OE R 20 & K R F AR (central sensory
conduction time : CSCT) Z#ME L TREREOEMBM 2THI I LA TES (B6)Y. MS
TEELX 25D CSCTTH A, FHEURZEICL Y N13° FHSEP O N20 (2B THRE %380
LNy - H 5.
3) EBEFERENM (MEP)

SRIE T CIEE AR DS O MR RG] L3I T A REETH 5. BRI TIEE

SO L ALY, HE - HED - REME 2 COoBREHOBELZ T TICKK



0 FIE RBEPRBEER

N20 (23.25)

%

N13 (12.80)

A N

ENT3 (1230)

N9 (8.90)
N9 (9.45) \
{A A m W
v
0 10 20 30 40 50msecO 10 20 30 40 50msec
¢ d
N20 (23.50) M ’2 y
u
_I_
N13 (16.55) A —
PRI oy
N9 (8.00) h N9 (8.70)

a . TEEHLY EHMOPIREE. N20ERBOER (>2145 msec) BLUTCSCTOIEE (23.25—12.30
=10.95 msec >7.33 msec) HERD 5.

b : TESESEL Y EAOPIRFE (BE). N20ABHERINEW.

¢ TEERRZE. NI3BIUN20HDEELTWBY, CSCTIFIER.

d: ?ﬁBE%J“Z EE). N13B XU N20HEE.

(TR0 LY BIHAE)

REEEHT T HE S ELZLPTURTH L. FRMEP TN IERA#R (Elbow). Erb i,

SEER (C7). FOEBE (Scalp) ZMUSHIBEL. EEEIMER S MEP 2 LT 2. TNE
NORBAMIZOVTMEPOE L3 )R zaHI L. EEREREOSMBN 2T ZL
ATED, L ICHER (C7) MEE FOEBHERE (Scalp) D MEP#B D 415 Kb & 15

AR EEZEER  (central motor conduction time : CMCT) 3. fEKBEEDOIEL LTMS
TIZEETH S (B7). THMEP TIZEHMER (14) L EOEET 2 RH L T Bz



A BREBE (MS)

Elbow (\_M\ 5mv
5.95msec :

Erb 5mv
| 9.90msec +

7 , 5mV
i11.25msec +

CMCT
Scalp , 200V

27.85msec i
0 10 20 30 40 50msec

%Elbowﬁfﬁ;ﬁi, Erb 2, 858 (C7) RIRICHIBEMEPEBBHLIER TH DD, C7THEEDS ScalpHligE
TORNEEMEEEER] (CMCT) A27.85—11.25=16.60 msec {>10.67 msec) SEELTHY, #Hik
BRI BT BIREEIEN TR TN 5.

k30 kY 51D

IZBWTMEP#KEZE4 5. MEPIZVEPRSEP & Il U C/&EE (RERNE) omuRt
ThHhHEENTWAE™ Y, 2720, BMEHOTHERH K o Bl L MEP it RO B c;tasz
LH MBS AL NI 2%, VEPRSEP & FFRIBEHHCHT T AELIIMIETH L Z L ICh
By HLENH 5.

ﬁﬁ V&, FPRAEERAE R D BFREEY - WF‘?B’J%%&%’:E@F“B’]LCEIEEH?%Lé:b‘*%ot%ig’(“@

e\'&@\se\:si

%ﬁﬁﬁkb‘(.wmh%b\bﬂ’(mémﬁ McDonald DB ETH 5.

r@('di, FRARiEBIT & W RRMS, PPMS, SPMSH&® 3.

* RRMSEWT, WREDHDRFRICE Y, KM /DY, e 2 CTIRERRERICEV TLEEIT
BEHEETMSE, R, BRICHBRWBIRNITREZ T TOMSERELYHELT
HY, OSMSIZT7I T ANEBICZ{ HrEND.

c REMIREBEEE A TR T 2HIREBEREL 2T SREN U BEU R &0 Y~ KT,

FNLENCEREEREETRBT 2T EY — FAGWLE D% clinically isolated syndrome (CIS)

EWS.




2

FIE REUEPRBRER

MS TR MEREIZIL 2D 5P HERE S 727720, BHMOKREDOLTMS LBHT 5
OFEEL. 7z, BROETMS ZEHBIIZBT 56, MSOMETHLDh, HbHu»
BERTHLIOPEFTTELILEND L. NROBRE, FOENSHIEFCEETH
0. SHERIEMRERS HREBEEHARECSNTHEL 2 TECRERELR Y, FERE
PEHNLZ2TMVERS 2w, HSHARMERBICLAENI WIS, CISE L THEINS.
FTIEMS LB SN TV AEA, BEBCBIAZBMIILBENES THLH, MSERIET
% MRIEERFT R B BT R 2 o THBALEYDH 5.

0 MS DB UTESE L REY

MSDFZWHIIE, APRHRER ORERIAY - 2RI S0 BRIICEEHT 5 2L 2fb o L b
EETHAH., WFEHTROMTLRARZ2, MSOZHIZIIMRIOAHEAE . MSO Ik
#E, 20014E24 ¥ 7 —F 3 3 FIS LI KD FE S L7z McDonald O 2 7 22 % 23 [E B g
WHWSNTWAEY, 208520054 X 20104ECKETHM 2 Sz (52). MRIEOZR#%
#r W TRINIIMSEZI L., T CICREBHMEORAZHEOAIZLZHBL TS, [H
B L, SEMRBEEOREIEE S N A MRFENEEN 24 BRI EREVTW S 2 2
HER (72770, ZBNFTRLED) HArVIIMENCHIASALLD, LE3nbY,

MS OIRFENZ TR O X 5 (ZEEZEEIZ L D, RRMS, PPMSH % 5. PPMSIE. ##illi7 o
BHETEORBEZ L), BEOZVLDEWV I, MSERDE~10%% 5H 5. #LT
RRMSA HZE MR =4 0 Z T @R TETEA~BITT HSPMSHH 5. M2 S TR T,
EEIZBHOMRREE 2T ETERREEMS (progressive relapsing MS : PRMS) Ok b A
SN, BRI ITRFEN 2 HE 2 40 BT RRMS AT & A 7375, #uBHIc s L 13m
BRI AR IR AYBYE A Z BB T 2 SPMSICBATT 5 2 L 455w, RRMS 7 5 SPMS~D AT
WZDoWTH, BBZ POE TO8ER D MRER~LHEBIEL L TwAZ LERML TV
LEZONTWA., FARRMSIZBWT, WESMORERIC LD, KB, /K BHz&ED
PR RERICB O TIEMICREY 727 CMS L. AR, HHC RN ICHREZ
X7 TOSMS LRIV BELTWADLREIRDOEBY TH A,

& clinically isolated syndrome (CIS) DIBWEHE

CIS & (3 S VEB BT A BB 2 TR 3 2 AP AR A 3 & B 5 IRBED 24 BRI DL sk < B %6
B (€Y —F) T, ZNLUANCEB#EREERBET 28y -~ FAZ20i0dwn )™,
MS LW T & 5 R 2 2 BRI S MRI E 3380 5 v, MSESL o B2 R4S
BNTVLRZEDPRLETHL. 2B ¥ —F ¥ aF /37 )b (National MS Society Task
Force) &, BT D500 % 4 72EIFTw 2™,

DType 1 CIS : BRARICHEMERE (12 FFORE) PHY,. MRIED R L 100 8E

BEHREEET 5.
@ Type 2 CIS : BURMICZEMRE GEE» OB 50, MRIEDRL L1008
FEBEERRE AT 5.
@ Type 3 CIS : MR HEMRE (1» FTOMWE) 5525, MRUIEFE 2 b0,
DType 4 CIS : MRS S HEMME B » FTORE) 2% 270 MRIGEHEZ S0,



A SFRER(LE (MS)

©Type 5 CIS : AR B 2 RR T 2 WRATRIL 2 WA, MRIFTADPMS ZRIRT 2 4L 0
CISOEBNZHOFFEICEL T, A ¥ —F T a F WA NPEFERLZHRETREL T

%%,

SRE TR

 BARTIEMSBREA A RS VA 2010FIcE L HonTe.

« 2EHOMES LT U%§§X7D4hﬂwﬁ%b—&ﬁfﬁU mmT+ﬁﬁ%A%ﬁ%
BRTEREWNE kml;%ﬁé?ﬁg/fb‘#ﬁ_\:n%)
B, BERTRLEEROBEES LTI, IIN-SABLETRFSNEH, %ﬁﬂ%ﬁ%@%
TBHTEEHY, FOFEROETH S fingolimod AMERETAES o Tz,
- FAQPATAIE I RE, BREMAHES, OSMSBZ LDV TIHRENPPREY, IR -
HEEE L’JL\T%E’\U)gﬁgtL\’BEﬁﬁb\b. BRICBVLTEENRETH . :
Mﬁ@@%ﬁ%%@ULbﬂbbﬁﬁbfﬁb DIEH BT HEST &@Wﬂk%LTV<f%T@
Y, Hﬁéﬁﬁf%’(55%@® MR %B’JEE%%E/U’CL\% ¥

HARDZ FEWHEALIEDEHRET A K54 YH20104EC F LD SN FEICOVWTE, Y
ARFA4VEER LoD, BEENTLIEIEL % 572 fingolimod 2 DWW T LT

FICAMEDBRE
BIBREBRTOM R

AIEREA T T A FEIL, MSOSMMECH L CTEM 28 RiE e EL, BRROR
BELTHM L2 FETH LY., 25704 Fu 2@ L LTt methylprednisolone
500mg/ FI Bh % 3~5 B BSl#HEY 5. 8% 1,000mg/ H 23 HEESG 35 2L 2%w. %)
BARTNESHBE TEET A, 12— VOV AREDV RS OGS, 27—V Oik#E
DBMLE LATPNTVLEY, TOAMELCOWTHL PRI YT ¥ AR,

#FEE L LT prednisolone % i ik 5.3 5 2 L AT L TR 00, 20
BRIHLTEIEF Y 2P VOPFBRTH LY. 2h. AIBTKEATTA FEORMMZ
BREMEEHIZES TR, S/ ZBEOERIIZOWTH5 2 BRI 2
(‘»\38).

2) MIBRBEE

EWMEHTATOAL FAVZAEEERTo720 8 2 0b o T+ 02 RERMZ LN
AR, GHHESCATUA FORMERO 720 AT 9 4 FEOESPHEEERIGE L, miE
ZHEENE O SN AY . FHAEE LT, BH2~3E /8, 76 /8 THREER S D,
RIME, B, EKEEME, K503 7 AME. /MR, HilfEm 2 BB L, £
b & dkd 5. MIMEIR, fBRAE. BREIENH 258 I3HENERTH H. MSOERKY
P BRI MR EEN e S5, 2 BEEFHMSICBVLTIE, mAEsRH
FEOFFMEIZED SN T RWnY,




4 BIE RBEEPEBERR

FICER, BEEETORL
1) IFN-8

RRMS DBEHFBIIZIE, IFN-BOFRMAGEH 2 L TE 0, FHREBEREED #T 2 HF
THMBLMER SN TS, [FN-B1b DHA13800 77 HALFG H B FiE. IFN-BladBaid
30upg HE1ERGET A2 L/ EEOMEHTETH 5. IFN-B THREF T L BRETFHRIRIE
0 i non-responder id, BORAIZ BV T L HRAAOEERBREZEFHEHERTL, H30%
kB wbinTwns

EAE, IFEN-BIBHRIZB I 2 RHMBAOFEHUESHS Mo TEL, WTROBAIIBW
ThH, CISZHRICIFN-BZEAT 5 L. 24O I THRIKRWIZHEE 2 N 7zMS (clinically
definite MS : CDMS) ~BATL72EIE2 7 5 REL B L THECERVZ XM Esh
FeME L F e 2EOBREBIIT I EREICY mNB%%v%%L.5¢®ﬁéx$% B
Y REEESBE T T 5 X, CDMSA~BAT L& 5 E ORI BT & HEEIED 50

72197 IEN-B1b 20O WTIZERAIEERE 7 A b O —3BIC BT AR LRI R CTHE R
%ﬁ%i,mﬁﬁk®ﬂﬂﬁ}@”@&%F IRETAIWERESRIBE I TWAY, CISD

B 2R R A?oﬁﬁﬁﬁ%bﬁ’@of;kmO BUED MS 03 i 2585 T 1E MRIFT R,
kmAAb@é:k?,cmzow«sMsmymﬁo:&#w£>&o\w"m
CMSIZDoW T, BRI D 5 W IZ R O S % 380 5 SPMS TR EIE TRz 4250
AL, BB AR RS O T 2 W 3 5 R R R 135@6.& %T"Pﬁﬁbongw
B =05, WA S ST EOREE X A PPMS T, MEfTEBIIET AR RIEEED S Rk
o2 L. WEE MMOBREFHAE TRV L b AR w20, PPMSH
SPMS 2> DRI L W FERI Tld. MRIETHEERELR SO RE TR 556, &Y
ZEEBLTHIVWEEZLSNTWVS

&5&&owf@.ﬂ¢%&8@¢£#oﬁ . HEFRZOBBURN 2 BIE L 2085 ik
?éﬁ&ﬁ@@%ﬂé.wmﬁci.ﬂﬁmktg4/7wl/%ﬁﬁﬁ%w%%Mﬁ@
I oK, B, DMERBCPIFREE 2 SO BRMAEREERICALA L, Ll 104
U EoEMEES TOEELZAEH ORI % . REMESHIC BT L BIEMIER
BFTxs0T, RETNeTI A2 EFAZE0NKRUTH 5.

2) fingolimod (FTY720)

meMdeTWN)@Tm%®Z74Vj9 >1Y) YOV 7 ¥ — (sphingosine-1-
phosphate type 1 receptor : SIPIR) (ZfEHT 52 LTI %:V\JT ez, B k) >
RO OTHROBE ZHH L. MSOE3E *’f}f'ﬂﬂ‘i SIZXF ¥ A fingolimod O %hH#
i1, %%M¢N®Tﬂ%®?¢Wﬂtdci&<.¢EM&%«@ BN 2 ERPZEL Ty
LAREMEL#EZ 51T A, RRMSZRR L L7222 EBOEIHABROK R, B/ M
EERTOIRRRD R S, MR OEHTERBREEOGERED. RERED O W
EAERR S 7. IEN- BlathHREE L O Ll T & HRIIFIZN R, THEh YRR B BIR R 12
fingolimod {AHERE T2 72", BHNCBLE L A EFR L L CIRIROMHIES B <. EAY
BEIROE =% — 2RI N TV 5, fingolimod ZBAIVEINRETH Y, BHFE2> 75
47 Y AOETIEHERDIFN-B 2 EOREBHEHEL O BEMNTHL. ENTL 20114 LY
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Abstract

Schwann cells form myelin, sustain axons and provide the
microenvironment for nerve fibers, thereby playing a key
role in the peripheral nervous system (PNS). Schwann cells
also provide support for the damaged PNS by producing fac-
tors that strongly promote axonal regrowth and contribute
to remyelination, which is crucial for the recovery of neural
function. These advantages are not confined to the PNS and
also apply to the central nervous system. Many diseases, in-
cluding peripheral nerve injury, neuropathy, multiple sclero-
sis and spinal cord injury, are targets for Schwann cell thera-
py. The collection of Schwann cells, however, causes new
damage to other peripheral nerve segments. Furthermore,
the doubling time of Schwann cells is not very fast, and thus
adequate amounts of Schwann cells for clinical use cannot
be collected within a reasonable amount of time. Mesenchy-
mal stem cells, which are highly proliferative, are easily ac-
cessible from various types of mesenchymal tissues, such as
the bone marrow, umbilical cord and fat tissue. Because

these cells have the ability to cross oligolineage boundaries
between mesodermal to ectodermal lineages, they are ca-
pable of differentiating into Schwann cells with step-by-step
cytokine stimulation. In this review, we summarize the prop-
erties of mesenchymal stem cell-derived Schwann cells,
which are comparable to authentic Schwann cells, and dis-
cuss future perspectives. ©2015 S. Karger AG, Basel
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ADSCs adipose-derived stem cells
ADSC-Schwann cells ADSC-derived Schwann cells
bFGF basic fibroblast growth factor
BMSCs bone marrow-derived MSCs
BMSC-Schwann cells BMSC-derived Schwann cells
CNS central nervous system
GFAP glial fibrillary acidic protein
MSCs mesenchymal stem cells

PO protein 0

p75 low-affinity nerve growth factor receptor
PDGF platelet-derived growth factor

PNS peripheral nervous system

UC-MSCs umbilical cord-derived MSCs

UC-Schwann cells UC-MSC-derived Schwann cells
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Introduction

Schwann cells are peripheral glia that form myelin,
providing a favorable microenvironment for the repair
of damaged nerve axons in the peripheral nervous sys-
tem (PNS) [Martini, 1994; Hall, 2001; Bosse, 2012; Kidd
et al., 2013; Kim et al,, 2013]. Although nerve axons of
the PNS are able to regenerate after injury, such regen-
eration does not generally occur in the central nervous
system (CNS) [David and Aguayo, 1985]. In principle,
however, CNS neurons also have the ability to regener-
ate in a proper microenvironment [So and Aguayo,
1985; Dezawa and Adachi-Usami, 2000]. The major dif-
ferentiating factor between the regenerative capacity of
the PNS and CNS is the type of glial cell involved [Deza-
wa and Adachi-Usami, 2000]. Although peripheral my-
elin and myelinating Schwann cells are not originally
supportive of axonal regeneration, and rather inhibit
axonal regeneration, the rapid removal of myelin debris
by Schwann cells as well as by resident endoneurial
macrophages and hematogenous monocytes/macro-
phages is the initial step toward PNS regeneration
[Bruck, 1997; Monk et al., 2007]. Another precondition-
ing factor that enables regeneration in the PNS is the
change of myelinated Schwann cells to a dedifferenti-
ated Schwann cell state; in contrast to myelinating
Schwann cells, dedifferentiated Schwann cells produce
various kinds of trophic factors and cytokines, includ-
ing neurotrophins, which provide regenerating axons
with a molecular and cellular footfold as represented by
cell adhesion molecules, an extracellular matrix and
junctional channels [Dezawa and Adachi-Usami, 2000].
Together, these elements create a supportive milieu for
regenerating axons, and eventually Schwann cells en-
sheathe regenerated axons and reconstruct the myelin
necessary for saltatory conduction, one of the most cru-
cial functions of the PNS.

In contrast to Schwann cells, oligodendrocytes and as-
trocytes, which are the major glial cells in the CNS,
strongly inhibit axonal regrowth. The oligodendrocyte
surface contains inhibitory molecules for axonal re-
growth, such as Nogo, oligodendrocyte-myelin glyco-
protein and myelin-associated glycoprotein [Zorner and
Schwab, 2010]. After injury, the proliferation of astro-
cytes is activated, and their cellular processes are extend-
ed to form glial scars, which physically and chemically
obstruct axonal regeneration [Buffo et al., 2008; Llorens
etal,, 2011].

Schwann cells are deeply involved in PNS regenera-
tion, but their ability to elicit nerve regeneration is not
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confined to the PNS. Transplanted Schwann cells can also
elicit nerve regeneration in the CNS. Particularly, in the
spinal cord, transplanted Schwann cells alter the inhibi-
tory glial environment of the CNS and elicit axonal regen-
eration [David and Aguayo, 1985; Bunge, 1994]. There-
fore, these cells are considered a highly suitable cell type
for inducing axonal regeneration in both the PNS and
CNS.

Although Schwann cell transplantation is generally ef-
fective for neural regeneration, the cells must be collected
from the PNS, creating a paradox in Schwann cell-based
therapy. The isolation of Schwann cells causes new dam-
age to other peripheral nerve segments, and thus undesir-
able iatrogenic injury to the donor PNS. Furthermore,
obtaining a clinically sufficient number of Schwann cells
within a reasonable time period is difficult due to their
slow proliferation. Therefore, a method to induce easily
accessible and highly proliferative cells to differentiate
into cells with functional Schwann cell properties is high-
ly desirable.

Since the first report in 1999 demonstrating the mul-
tipotency of mesenchymal stem cells (MSCs) of the bone
marrow that transdifferentiate into osteocytes, chondro-
cytes and adipocytes, MSCs have been considered a major
stem cell source for generating Schwann cells [Pittenger
etal,, 1999]. MSCs are easily accessible from various types
of mesenchymal tissues and are highly proliferative so
that an adequate number of cells can be obtained within
a reasonable amount time, making their clinical applica-
tion highly feasible. In this review we discuss recent re-
ports that cells almost equivalent to authentic Schwann
cells can be induced from several types of MSCs, and dis-
cuss their potential application for treating PNS as well as
CNS damage.

Schwann Cells Generated from MSCs Function like
Authentic Schwann Cells

MSCs are a current hot topic in regenerative medi-
cine because they are easily obtained from patient- or
donor-derived mesenchymal tissues, such as bone mar-
row, umbilical cord and adipose tissue, without posing
ethical problems related to the use of fertilized eggs or
embryos. MSCs belong to the mesodermal lineage, but
are able to cross oligolineage boundaries from mesoder-
mal to ectodermal/endodermal lineages, which were
previously thought to be uncrossable [Pittenger et al.,
1999]. These attractive features have stimulated MSC re-
search. To date, various cell types that are of the same
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mesodermal lineage (e.g. bone, adipocytes, cartilage and
muscle cells) as well as cell types that are endodermal
(e.g. hepatocytes and airway epithelial cells) and ecto-
dermal lineage cells (e.g. neuronal cells) have been in-
duced from MSCs, mostly by cytokine stimulation and/
or gene introduction [Makino et al., 1999; Pittenger et
al., 1999; Spees et al., 2003; Dezawa et al., 2004; Dezawa
et al.,, 2005; Ovyagi et al., 2006]. Furthermore, several
studies have indicated that some adult bone marrow-
derived MSCs (BMSCs) and adipose-derived stem cells
(ADSCs) are derived from the neural crest, an ectoder-
mal lineage, which might provide an explanation for the
ability of MSCs to generate Schwann cells [Billon et al.,
2007; Takashima et al., 2007; Nagoshi et al., 2008; Sowa
et al., 2013]. These findings indicate that Schwann cells,
which belong to the ectodermal lineage, could also be
induced from MSCs.

Schwann Cell Induction from Rodent BMSCs

The first successful induction of functional Schwann
cells from MSCs was reported by Dezawa et al. [2001]
using rat BMSCs. In their report, step-by-step stimula-
tion of BMSCs plated at a certain cell density (2.5~3.0
x 10° cells/cm?) with 1 mM B-mercaptoethanol for 1
day, followed by incubation with 35 ng/ml of all-trans-
retinoic acid for 3 days, and then with a mixture of 5 um
forskolin (which upregulates intracellular cAMP), 10
ng/ml basic fibroblast growth factor (bFGF), 5 ng/ml
platelet-derived growth factor (PDGF) and 200 ng/ml
neuregulin-1 (isoforms include type I NRG1, also called
heregulin, type II NRGI, or glial growth factor-2) for
4-5 days successfully induced BMSCs to differentiate
into a Schwann cell phenotype. BMSC-derived Schwann
cells (BMSC-Schwann cells) had a Schwann cell mor-
phology and expressed the Schwann cell markers pro-
tein zero (P0), low-affinity nerve growth factor receptor
(p75), glial fibrillary acidic protein (GFAP), S-100 and
O4. The induction efficiency was calculated to be as
high as ~97% based on p75 expression [Dezawa et al.,
2001] (fig. 1la-h).

An important function of authentic Schwann cells in
PNS regeneration is their ability to elicit axonal regen-
eration and enable saltatory conduction by remyelin-
ation. The latter is of particular interest because even if
axons could reach the target, neural function in the true
sense would not be actualized without remyelination.
When rat BMSC-Schwann cells were transplanted into
the gap between the proximal and distal segments of

MSC-Derived Schwann Cells

transected rat sciatic nerve using an artificial graft (a
transpermeable tube filled with a mixture of BMSC-
Schwann cells and Matrigel), they successfully elicited
nerve regeneration from the proximal segment, sup-
ported their regrowth within the tube to deliver them to
the distal PNS segment and reconstructed myelin with-
in 3 weeks after transplantation [Dezawa et al., 2001]
(fig. li-n).

In addition to the short-term evaluation, functional
recovery and PNS tissue reconstruction were also con-
firmed over a longer period of observation, such as 6
months after transplantation of rat BMSC-Schwann
cells into the gap of transected rat sciatic nerve [Mimu-
ra et al,, 2004]. The 12-mm-long gap was consistently
connected by transplantation of BMSC-Schwann cells,
and a large number of myelinated axons was observed
at the central portion of the connected parenchyma. Be-
cause the majority of myelin in the connected paren-
chyma expressed green fluorescent protein that was in-
troduced into BMSC-Schwann cells prior to transplan-
tation, BMSC-Schwann cells were considered to be
directly involved in remyelination in the regenerated
tissue. Regenerated axons were further confirmed to
reach the target muscle and express acetylcholine trans-
porters at the neuromuscular junction [Mimura et al.,
2004]. Furthermore, significant recovery in walking
track analysis and high mean motor nerve conduction
velocity were both confirmed. These findings together
suggest that BMSC-Schwann cells are able to support
PNS regeneration, contribute to functional recovery by
remyelination, and could be integrated into the tissue
for up to 6 months [Mimura et al., 2004]. After the in-
jury, the Schwann cells of the host might be activated,
proliferate, migrate through the artificial graft, pro-
mote the transacted axons to regrow and myelinate the
axons. Although this process might be slow and ineffi-
cient, whether or not the transplanted cells promote
this process, resulting in functional recovery, is still un-
known.

This induction method was independently repro-
duced by several groups. In coculture with dorsal root
ganglion neurons, BMSC-Schwann cells substantially
supported neurite outgrowth [Mahay et al., 2008; Brohlin
et al., 2009; Wang et al,, 2011]. When BMSC-Schwann
cells were transferred into artificial grafts and transplant-
ed into the transected gap made in peripheral nerves, they
sustained axonal regrowth and reconstructed myelin,
leading to functional recovery in nerve conduction veloc-
ity, walking track analysis, average myelin area and my-
elination of regenerated axons [Wang et al., 2011].
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BMSC-
Schwann
cells

Fig. 1. Rat BMSC- and human umbilical
cord-derived Schwann cells. Both BMSC-
Schwann cells (a-d) and authentic
Schwann cells (e-h) collected from rat dor-
sal root ganglion expressed p75 (a, e),
S-100 (b, f), GFAP (¢, g) and O4 (d, h).
When rat GFP-labeled BMSC-SCs were
mixed with Matrigel, filled into an artificial
tube and transplanted to the gap of tran-
sected rat sciatic nerve, nerve fibers (GAP-
43+ nerve fibers; j) regenerated with sup-
port of BMSC-Schwann cells (GFP-posi-
tive BMSC-Schwann cells; i) and were
myelinated by those BMSC-Schwann cells
(myelin-associated glycoprotein; MAG; k).
I MAG-positive (blue) myelin composed of
GFP-BMSC-Schwann cells could be recog-
nized. m Merged image of anti-neurofila-
ment positive axons (red) and MAG. nIm-
munoelectron micrographs of a graft
from the human umbilical cord-derived
Schwann cell (GFP-labeled) transplanted
group 3 weeks after transplantation in the
rat sciatic nerve. Axons (Ax) are myelinat-
ed (My) by cells with gold particle- (anti-
green fluorescent protein) labeled cyto-
plasm (arrows). The rectangle is shown at
a higher magnification (o) and the lamellar
structure of the myelin is evident. Scale
bars: 50 um (a-h, I, m), 500 um (i-k), 1 pum
(n), 250 nm (o). Pictures are reproduced
from Dezawa et al. [2001] and Matsuse et
al. [2010].

Authentic
Schwann
cells

Schwann Cell Induction from Human BMSCs

As well as rodent BMSCs, human BMSCs also dem-
onstrated that they can be induced into BMSC-Schwann
cells that function as authentic Schwann cells by the
same induction protocol; they expressed the Schwann
cell markers S-100, PO, P75, O4 and GFAP, and cell ad-
hesion molecules L1 after induction. Under the control
of immunosuppressants, human BMSC-Schwann cells
transplanted into the gap of rat sciatic nerve supported
rat axonal regeneration and reconstructed the myelin
sheath, leading to the recovery of sciatic nerve function
as measured by walking track analysis [Shimizu et al.,
2007]. It is noteworthy that human BMSCs can gener-
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ate functional Schwann cells and that those human BM-
SC-Schwann cells can support PNS regeneration in
vivo.

Preclinical Study of BMSC-Schwann Cells in Monkeys

Preclinical studies using cynomolgus monkeys dem-
onstrated that autologous transplantation of BMSC-
Schwann cells is effective and safe for regeneration and
functional recovery of the PNS [Wakao et al., 2010]. Like
rodent and human BMSCs, monkey BMSCs could also
differentiate into Schwann cell types that express p75,
GFAP, PO and O4 at very high ratios (~99%), and they
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also expressed Krox20 and myelin basic protein at the
mRNA level. Those autologous BMSC-Schwann cells
were transplanted into a 20-mm median nerve gap using
an artificial graft and followed for up to 1 year. No abnor-
malities in the general conditions were observed over the
entire follow-up period. A significant recovery in func-
tion occurred in compound muscle action potentials and
distal velocity, and a higher number of regenerated axons
were counted in the artificial graft. The safety of BMSC-
Schwann cells was validated using multiple methods. For
example, ki-67 immunostaining revealed no sign of mas-
sive cell proliferation in the artificial graft. Tumor mark-
ers in blood analysis also showed no sign of tumor forma-
tion after transplantation. In addition, *F-fluorodeoxy-
glucose-positron emission tomography demonstrated no
abnormal accumulation of radioactivity except in regions
with physiologic accumulation for up to 1 year, and thus
confirmed the safety of this transplantation treatment
[Wakao et al., 2010].

These results indicate that the practical advantages of
BMSCs will make this system applicable for neurotrauma
or peripheral nerve disorder patients where acceleration of
regeneration is expected to enhance functional recovery.

Other MSCs as a Source for Generating Schwann Cells

With or without minor modifications in the content of
a cytokine cocktail, subsequent reports conducted by in-
dependent groups confirmed successful Schwann cell in-
duction from other kinds of MSCs, such as ADSCs and
umbilical cord-derived MSCs (UC-MSCs). While BM-
SCs, ADSCs and UC-MSCs are all categorized as MSCs,
their marker expression patterns are not identical. For
example, CD10,CD13,CD29, CD44, CD29,CD73,CD90,
CD105 and SSEA-4 are commonly expressed in these
three types of MSCs, but ESG1, LIFr, SCF and Tra-1-60
are only expressed in UC-MSCs and CD9, CD34, CD55
and CD59 in ADSCs [Kuroda and Dezawa, 2014]. Never-
theless, the originally reported Schwann cell induction
protocol seems to be generally applicable to MSCs.

UC-MSCs

UC-MSCs are advantageous as a potential source for
cell-based therapies because of their easy accessibility
from umbilical cord banks and the few ethical problems
regarding their use. Cell collection is not an invasive pro-
cedure for donors or patients. In addition, UC-MSCs are
proliferative cells, meaning they can be collected at a clin-
ical scale. UC-MSCs also have the potential to differenti-

MSC-Derived Schwann Cells

ate into a wide variety of cell types [Fu et al., 2004; Con-
coni et al., 2006; Wu et al., 2007]. For example, neural cells
including neurons, oligodendrocytes and astrocytes
[Mitchell et al., 2003] and even endodermal cell types
such as hepatocytes and pancreatic -cells can be differ-
entiated from UC-MSCs using induction systems [Anza-
lone et al., 2010, 2011]. Along with BMSCs, UC-MSCs are
considered one of the most practical sources for PNS re-
generation.

With regard to UC-MSCs, several independent groups
reported the induction of functional Schwann cells from
human UC-MSCs. Matsuse et al. [2010] demonstrated that
the method used for BMSCs, i.e. p-mercaptoethanol, reti-
noic acid and a mixture of bFGF, PDGF and the heregulin
together with forskolin successfully induced the differen-
tiation of Schwann cells from human UC-MSCs (UC-
Schwann cells) with very high efficiency (~97%), and that
UC-Schwann cell function is comparable to that of authen-
tic human Schwann cells when they are transplanted into a
PNS-transected gap [Matsuse et al., 2010]. Human UC-
Schwann cells transplanted into rat transected sciatic nerve
under the control of immunosuppressants could maintain
their differentiated phenotype even in vivo after transplan-
tation, elicit axonal regeneration from the proximal seg-
ment of transected sciatic nerve, myelinate axons and con-
struct PNS tissue. UC-Schwann cells that were prelabeled
with green fluorescent protein expressed myelin-associated
glycoprotein, PMP22 and periaxin (a marker of peripheral
myelin), and formed myelin. The formation of myelin by
UC-Schwann cells was also confirmed by immunoelectron
microscopy (fig. 1m-o). The most impressive point is the
sciatic function index in walking track analysis of UC-
Schwann cell-transplanted rats at 3 weeks: the score of the
UC-Schwann cell-transplanted animals was almost identi-
cal to those transplanted with authentic human Schwann
cells, suggesting that UC-Schwann cells are functionally
equivalent to authentic Schwann cells [Matsuse et al., 2010].

Other groups demonstrated that UC-Schwann cells
differentiated by the same method produced neurotroph-
ic factors such as NFG and BDNF [Jiang et al,, 2010; Peng
et al., 2011; Xu et al., 2011]. Together, these findings in-
dicated that UC-Schwann cells are a viable alternative to
authentic Schwann cells and may be applied to PNS re-
generative therapy.

ADSCs

The properties of ADSCs are similar to those of BM-
SCs, and ADSCs are also capable of differentiating into
various kinds of cells [Gimble and Guilak, 2003]. As hu-
mans have abundant sources for ADSCs, as represented
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