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Immunotherapy for Multiple Sclerosis and Neuromyelitis Optica
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LILMIELIE - NSRBI TS

SRR

FETIE

Toshimasa Aranami

BEOEIENRESN TS,

SRIHR(CE (MS) 3, FREERICARENSHL, BHNRERENTHEIEY BRI NET 2ECREEETH D
BEASNTSD, FRIEMEE LTTh e SBICTh7HEMEESNTVS. —F, SRR SmniE
BEER(NMO) [, MACY 7 RUY4ICHT ZECHE (RAQPAHE) HEL, REURICEST3L225N
TW3. MSERORLTESIFN- B1F, ThiMEEOEEDTHEL CODRETIENEIRSETNDH, Th17 SN SR
UJ%RKIK%)J'C&SZ)T‘"'ED‘E%. NMO [CHT 25/ BREEAE LT, MCD0HEREICRBRIEREEENLT

ENDEEER

[FU&IC

ZFEVEREILIE (multiple sclerosis ; MS) i, BEsHESE
B THRESBHRrEE 2 EETA I LICL YRR
PELLIFRAEROHCREREBRTHSLELLATY
. REGTRMERCELSHL, B - EEEHRDEL,

RIVET R BERE R EOERYWERICH5. —F, B8
R BEZE (neuromyelitis optica ; NMO) i3, HZEA B

FHELERCBRELTYS. UHEMSO—FE L322
LNTWR, BERBIMFICT 2 7HY Y4 (AQP4) &
VY RTF X ANGFICHT B ESHAE (5 AQP4LE) 29
FETHIEFBRENTURY, MSEIZERARETD
BEDEZVEZTHS. FETIE, MS & NMO OEER
BB LU TN ENCHT 2 BEEOEF 2N T 5.

.....................................................................................

.....................................................................................

ANIVS=T (Th) MEIZEERL L b1, BEOFA P HA
VEEMBANLHMET 57 kL ) HERBRBCBVT
RThIMBEOBR 2B S S BEET 5 LOE L FEETH-
7o LALESE A ¥5—ul%y (L) 172 EETHT
MR (Th17Hi88) A% 72 2 ThilfE A E & L TRE SR,
MS® ZOBMETF VNV CHLIERWECRESRNEBA
(experimental autoimmune encephalomyelitis ; EAE) ~®
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MEATRRENT A2, %%, Th17#k8ix, ThidmE L i3
E25THESE TS Y, EAEREICBWTThIMBE LY
BEWREEZETA0EE LTEBIN-AS, KEIL-17
ZEEL TS THIS, BICIEN- p BAMEA L BT
B L, Wb b (plasticity) 3T 2 Z LASRIE S
NTwaY . F7z, MSORMMPLBIEIIBNT S IL-17E
EMBAOEBNIHESNTYEY. 20—FC, ThiB L
Thl17HREDG1LH 2 VIR EEOEE 2 HH 35 & L 258
TENTIL-12 & IL-23 O FFIHMEE, BBICEEY THo
A, MSIEBVCHERIHNS 2B 207", ME
b, MSIRBICBT 5 Thifilas L U Th17THfa 0 B EK
ZoWnThlE, WEREHERIEOL TR, T/, MSHRE
28T, CD4"Foxp3 *#l#HE THIFL (Treg) % £ Treg
REBOBRBIFEEENTHEY O, HEMEMILL TregD/N5 ¥
ALY, BREFEEMS ORESTHR S WA THESD 3.
—7, NMO DREREOHEED 10 HAQPARGLOE
ETHD. AQPASTFRHRMERSY THET A by
1 TOREERECHECEERAEELTWS. NMO&Em
BETA POV A PE2EEEEECEEL, BABRZSHEL
729 ZICNMO BE TG £ 85 Liz & & 5, NMO IcE
LARBEGRFBELN, BRERVBELALZ RS, &
AQPAHIEIINMOTREY -7 — LB B3 ok, BER
BICRCED o TWB L WIEZFIENTHS. LHIER
DTELIE, NMO & MS, BEE DR MBS EDE
EZHLEL, o228 L b, NMOCBWIRESEHE (7
FARTTAN) FEBECEMLTREZ L2 EWELE,

#REETE Vol.30 No.10 2011



[FrigdE=HE] [Be]
TUTERE

Frrofa b

EX1 MSRRERERE

@F4Ux<%T
@FTY720
@EEE Y S5~ —
®H.CD20HUE

MSHEANDESHRETNSREIEHIEE KU Treg EREREOBESNDERR (O~©) ZRT.

EBIT, TIART T A MNERBILFOE 251 AQP4TLAE
EEARTHY), 79X T A L OEES X UHAQPAH
BCEECIL-6PEETHAWREEZRLEY . i, BRE
FELAERL, BFRELEMBOLPBERMICES NS MS
PAEPBEELT IV THEEICSE L, LEiE OSMS (opticospinal
MS) EFHER TV 7235, OSMS ?D30~60% 135 AQP4Ft
EETHEILFHALP LR, ZORBREEERER
NMOLEBLTWEEEZLNTWD., £DOSMSDHE
I B v TIIRIL-17, IL-8, G-CSF (granulocyte colony-
stimulating factor) &V o 72IL-177 73 Y—&ZNITXY
FEINLIFL P IA VOEBMERDLNEY, F 7,
NMO QBB TR I AN Th1THRBSLICEERY 1 4
AV THBIL6DEMLTWE, IhbDHEERPL, NMO
DIREBRICEEREL & I Th17HEPIL-6 0585 LT
WA REEATRIEE NS,

.....................................................................................
.....................................................................................

MS# L U'NMO DB MEEEROREEL LT, AFNV

#EET® Vol.30 No.10 2011

TV F=vu v EQATUAL FREABEFERE OULA
B PIERREBEESHEVLONLS., TRE LD, MSB
LFUNMO DEEICBWTR, BREEZTFHT2HREIFRIAN
LTHERENTFENOBELEZILIATELIEETD
%5, IFN- fREBEREFREMSOERETFHEEL LTEDA
CHWHLBNRTWS, ZRk & BIEMSEEZD10~50%7¢
IFN- f / Y VAR Y ¥ — ({B5hEE) T H LHEINTWAS,
IFN- f D51 EFEHEE L U, ThifE Thl7HE~D5
EDHF], H 5\ IZLEEHREEICEZE 2 MMP-9 (matrix
metalloproteinase-9) DFl % &, F4x ZRRFEH ST
w5, FE, MSTREBIZHEIT 5 IFN- f OBENRERERC
DWTH = RERNE D o7 Axtell 513, BEREEEY
Th1 M THEL-EABICIXIFN- fERITH ), HicH
BHREAENThTHECHEL-EAERTEN- 50k
VEROEENRRONAZ L EHRE LA, ThiMBEZEAL
THEL7-BAE T, IFN- f#RESIC LY ERTOIFN- y
BEQRD L, WHBETA F A4 ¥ IL10EEOZE R
BEHLNTZ. TDEIRIL-1I0EBEETERIFN-y /v 7
7Y AT ATRBEEEI N2 o722 25, IFN- 3 H°F
SR RETHDICEIEN- y VI FVRLELZEZ bR
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@HCD20%H &
OHIL-6ZREH A

NMOFENDRSHITREE NOFRIEMIEB LU Treg EXF O RUSOREBEEDEEENBERSR (O~0) £RT.

7z. —7, Th17THEH.EEBAE T, IFN- 8512 X Y Bl

TIL-17TEEMBE G LAEMLTwizZ &4 5, IFN- y &
EDTLEN R NIETFN- fIC X B IL-10 BASENE U3
BEDRBRONZVWEEZ bR/ 51T, IFN-8/ VL
ARV F— R, BENOMFRIL-17F & IFN- f BE2
VARV F— (B5hE) LERNTEC—EFNEEL, Y920
SRFALF L, ThI7ICERE LTv A RIETIE, IFN- § 1BE
PENTHDZLITRBENSZT . 2D X312, MSOJREI
B ThUICRE LT 23REE & Th17{BE L Tw 2 REFE
ETHUMEEETD 5. FIEICIZIFN- BIRENELITH 575,
BETIUCLAWELESETLE ) TEESSH Y, &
PUHETH .

MS OBEEHNFEE L LTI, F0MIcd ZEaEiaz
DIE, MSIRRRICEI L= REBHEFBEZ FMCHW S
NTwa. (1) FiEEERNORBMEOEEL I+ 5%
H. Q) ECESETHREC L 2ESEREOIBRLEET2
BE. Q)EELYBHBZRETZEL, 22755,

D ELTE, FFIVATTRFIYT205 5 5. F4 Y X<
Tide MiadA ST VE) Fu—FUFETH Y, B
BRAMBIELER TS 0414 Y577 v L VCAM-1
(vascular cell adhesion molecule-1) &\ 3 EEFTFOEA S

1062

- 179 —

o=

ET5EEFDY, PREAERNOLEEMEEE Y EE
THEEEZE TS MSOBRZEZABICET S, BKT
BREEHEIEMSOREEREL LTEEINLTYS. FTYT7201%,
UVRERIZRY VBRI LDY Y AROTMBICLER Y
TFNVEBHETAFHRAEEYTH S, UV AEIrLDY V3
BROWHICIE, X741 VB (SIP) 3 38k bk
DSIPEFMIAEET B & L BSDERES, FTY720ERT
U VBMbE N, SIPIRAKICT I =AM ELTHEAT
B, TNITE D SIPLZBFEOMIZA~ Dinternalization
ZREL, BRLLTSIPICHEATE 5 SIPLEA BRI
L, UYRSHESIPREEE 25, 208, THIZY
VRECEDOND LY, BREEEICEETLY v
NEPBIL, EDHFIEBEEZ N0,

(2) L LTIZEEBR 7 5 F 5 < — (copolymer-1) 255 5.
CHERES VNI BED1IDOTHBI Y vEERS VI
# (myelin basic protein ; MBP) & LEETERE SNz 4
BEOTI/BOT VFARIS—Thb HBEISFS5
R—BEYVABIUL POFEMHCY SALIHFICENT
TAZTA—THETHIEICLY, MBP2 L OBBHE
BRI SANGTFIRAT AL 2 BAWICHET 5.

(3) RFECD20FETH Y, £4F L ) BHEEBRET S
ET, PRYVMSOERZERZ2ERBICET SEL 2 EREN

MEETS Vol.30 No.10 2011



Tw3 (1.

NMO OFREFEICE L T, MS 2: DEVIZIFN- B iCH$
AEBETHSE. NMOBENOIEN- BAEBICBVT, »
ZoTEFELARHE I N2, BAETIINMO &3
ZENNIE, IFN- g ixEB L v, IFN- S BSNMO 3L
TEHTHHIERIAHTSH 5%, IFN- fREEEICBN
T, MiE*H BAFF (B cell-activating factor belonging to the
TNF family) BES LA T EPHESN TS, BAFF
RBHEREFSSTLERETIEATFLLTCERRAD
NMO I8\ TR AQPAHFEEL EHEREL ML
T, EROBMZFIERTTHEESZEL LN 2™, NMO
DERFAHEEL LTI, BE BOA7 04 FHFFLT
575 MSE#, HCD20HMAIC L 2 BHBRERESE
PCTHHLBESNTYS. Thid, NMORRBIBI 5%
EREOEERLFETAHERTHS. T, BHEHTE
B, MROFEERICETE, NMOLHT 5 RIL-6ZF
BHAEREOBRTALZETE L T2 (K2).

SHbI

MSICIZIFN- f BB —B L ED 2 —FVFEL, &
I Thi7 P IFN- B PSR BRRICEE LT 5 TR
BHBH. Fl, NMOLZBWTHThI7THE LEEREDE
BEEFRERINTEY, 20 IFN- fRENTH 5kl
FEe. BEX D, MS, NMO OREFEICB T, E4
DEECBITHRERFLRF L) X T, BRELZERY
BILHEBEETHHLELLNE.

‘”PR\QF“-E- le %:UE

B E%R - RREENR T 5 — BRI

B E-mail : aranami@ncnp.go.jp

1003 F{iEEAEESEEE. UEEREASEREERHFMARCTE
RERPEED. £k BEEE - #REzY 5 —SRIRMRENR
EREEUTER SEE{ bﬁ@fﬁﬁgﬁ%ﬁﬁ” [CHE=. 2006FEXDERHRA
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ZRMBILEICE T2

oB-crystallin & osteopontin D B 5.+

% B OFl g

I A ™

Key Words : multiple sclerosis, osteopontin, aB-crystallin

= =
=] =R

%5 ERE{LAE (multiple sclerosis ; MS) i3 1K
FRRICTHERE, BMIRE, ~2uou7—-Ukd
D) YOSEIRE, FUREE, BAEE i Ex
PO BBERNFELEL, HNEE, IKER, &
B, BREBELRESHLMRERFET S
BHEERTHS. MSORRIIAHTH 525, 5
HEHMCECDAGYE T IS ET 5 HOR
BRETHHLEZLNTWE, ZOREMCDL
BtE T MifE & LT, IFN-yEEA M Th1Mig <,
L CIRILI7TEAMThITHE L EER I LTy
5V, MSORESIZBMEIIREL, BRLER
(ML E) 2RV ET. BREOFHEE LT,
BRIGERA P L AR EPBESNT WSS, 5
M AN ALIRETH S, THIEISEET
B A MaA Y EAN S MSIFRETEE IS A5R
INTWARTFE LT, oB-crystallin(CRYAB)
fosteopontin (OPN) 7% &% 5 (1), #D X5
T & T o 7 BF3EAS, 20014E 12 Steinman S 0 &
V=TIl oTHE SN, MSHEEICEET S
BIRFEYORBITHE TS 722, MSHE
BIRE L T > b O — ) VBHEZRS S HiH L 72mRNA
LYCDNAZ A 77 —%&HL, N AV—=Ty
M=o 2% —%fHL T, expressed se-
quence Tags(EST) # /B84 L7z, Thizk b, o
Y M=V ORERIZERTMSHEREIZBWTE
R2.5M L EOEE TR L T 254FDE(E

FEDEEE L. F0) bELMSTOREELE
ERED»o7:H DHCRYABTH H, OPNA b v
TS5 ThHolz. FOBDIHET, ThbH 200
TFH, MSOBESLEROFIMICES T s EE
BATA L= —ThHhIEIRBENT VLY,

OPN

OPNiZ3BI%, SECRETED PHOSPHOPRO-
TEIN 1(SPP1) % A\ ZEARLY T LYMPHOCYTE
ACTIVATION 1(ETAL) & I, #DOFEEE
FEEPHRAN~ M) v 2 2D 5 NI,
LT, B8, HNERZEOEFEEE, BLUE
BHBICORE SN, OPNREE 20T
LDREEENLT, BEST, FEIA,
A AL URRICEE, ZHRRETE-TIL
PHREENTVE. BRBICBNTIE, BN
FAPOPNZEEL, BEMBEOY baiyF
EREEEETHI LI ) BRINGSICES
TAHHURMENRE S NAY. T/, CDYUICKES
L, PAMBOEERGERICEE T 22 L25R
BEINTWEY, 512, FEEMETMICBW
T, FEYECEREIOPN S4Bl a9pl{ ~
TN NDFEEENLT, KEMEMIEEC
BSLTWAZEITRENTVAED, MSIZB W
T, THRRICERT 504BlA 57 124
THRAEPE CEREISSI RS 5 = & A5
SNTHEY, BRIHEL LTERSATWAD,
TodplA > 7 7)) YHUERIE, odPld > T 7 v

* Roles of osteopontin and aB-crystallin in the pathology of multiple sclerosis.
** Toshimasa ARANAMI, M.D., Ph.D. & Takashi YAMAMURA, M.D., Ph.D.: #8137 47 Bk A 37 4548 - HREERE
WHoEt > & — 1B e T SR e M 25 58 (&187-8502 /NE /M I B AT 4-1-1) Department of Immunology, National
Institute of Neuroscience, NCNP, Kodaira 187-8502, JAPAN
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MERE L

VCAM-1

BEERRX
NTFE

\\‘ 3
=® J

TR MOYA b —a—H>

oB-crystallin

1 MSHEEMRICEST Ml LUNT

EHEAL T ENEAESREER T AVCAM- 10PN L adBlA ¥ 77 YA LTESL,
PRAEERICRATS. 37077 ru7r— I EOREBERTIIIES I X N 5F
A LB ERHESRTF FEHIBREEICIRRAL, BERICETh1S X UTh17Hg %&b
BN, FNEFNIENS, LT3 EETS,. INOLDOF A M A VIZFERRMEREZEELLL, TNFa
BREDHA ML VEEERFTETS. T/, ERTHBIZOPNZELL, BHEEMLTHECA
HRIRET S, BADOKEETA MPIA VICLoTAH)ITFY Fad A4 MIBESHK, HEE
1ZoB-crystalinfBHATHFE EN L. oB-crystallintd 7 A PEH A MIHFEIh, Zhb DB
AOT RN —VARPRKEHRT S P4 VEEZIHTS.

& FMD1) I R T& Avascular cell adhesion mol-
ecule-1(VCAM-1) B X UOPND#EE - 70y 7§
52X, BORIOHE T MgssRarseER
NMEATHEDETUY 7 §THEEZLNT VS,
MSHHEEEIZ BT AOPNDEEM B LT A
BET, BERRTTIVICL AT T 2.
MSOE D RENLZEMERET T IV, EBIE
T MK % B8 4% (experimental autoimmune
encephalomyelitis ; EAE) T 5. I3, B#
BEHERONRTT PR & LB IIREE Y
04 Y b7 Y232 MIRYE, 203V Va >
EXTARETHE, H2EETREMO TR,
Bt TS5 EEMELRETH LI BDT
»%. BEAEZFHE L7277 AEBICBITH0PNE
HORBEZHEM LI 25, BESEHS IUE
ZENZ, FICHBERERNEREOI 7ur ) 7

Lo a—BYIIEERERAPTFESINATHLI L
PREESEFREICI ) RE SN 3707
) TIEFRAERERICBITAY I T 7 —VKOE
B TH L EZ26NTWE, EEICMSHEE
2 BT HFEBR D TBEDOREABLFELEIZ LD
BEAT SN, KIMEE OMSHE OMINILE P REZ
fa, ~zu7v7—, ERBMEER(TA Moy A
M0 TICHEBRMBD LN F7,
OPNRIE~Y T AZ/EH L, BFFARE L OPNRE~Y
7 ACEARRFE L2 25, WD~ I AHEAE
RRIE LTINS, BRI A TIHEMEITEIOEAE
PEHEIN/ZDIZIT LT, OPNKIBEY T AT E—
JEDEEEIVREND 2 L, EAEOBELH
Foobhi, ZoZ kit, OPNJIEAEREDERE
IS L TWAZ ERRBE L, ZOXH=X
LEBELPICT B0, RIBELIZITADFEY
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EFRERFORE

Th1®Th174% o bhA > DFE 4

BIM, BAK, BAX |

2 OPNIZ&L->THFEINZEMEL T MRS FH I
OPNIIKKR% ) YERLZFHEL, IhHTkBan/ % HET 2. [kKBallv A 27 STV 7-NE-«B
(pS0-RelA) DBABATY 7/ F DS EH L, #IZBIT L, Th1B X OTh17H 4 b4 Vv EBEB LV
BADEFRERTETFORBENSLET S, —F, IKKPIZIEHEFOX03A% 1) ¥ (L L /RIE A
FOXO3AL§4. ZHIZL hFOXO3ARMAIIRITHES, 2L LTT7 R b— VAEHTH A
BIM, BAK, BAXDEBAMET L, 7R P -V ADHH S 5.

OSERL ) THIfR % BEL, RBENTHES
BEANTF FCHELA. 2042, OPNKIE
<7 ABRO T #F Tl HEHE G B & OIFN-yiE
DN L, EIRIET A b A A4 VI 107 A o5t
BLTWAZ Ebhrol, Thbh, OPNIRE
& LTCThIRUG D58 % /LT, EAERHBES &
HZEPHB L0 TH A, #Di%Shinchara b
&, OPNZEIRDFIEMEAE % BT L, 5L T 4
FAlZB W TIE, OPNEIIITbetiZ & - THHE X
N5HZERFHLAY, TbetidThIfi S bIZ Y
HOEERTTHL I EHs, ADKGHThLE
FANDGAEATEZ ZBRICFHE SN B Thetlc £ -
TOPNYFHFESN, ThiIFGZEEEES L)
TR AITRIE S h e,

 OPNKIB=™ RZBIF BEAEDSEED S, OPN
WEAERE IZ WA TIE 2\ T & AR S L7228,
BRELEMERN 2 JE DEFTIZ BT 2 B8 AR
S/, ERMSEZEMFICBVTY, BREIC
OPNBEIIAEDONE Z EMbir o729, BEE
BIZBITHOPNOBE 2B LI035 BT,
)3 EF Y FOPNZE - EEBAH 2 S /-0,

CDEBRETIVTIE, OPNXRIEY ™Y X IZEAE%R
#ET 5L, EAERERBEHOEELAED 5
N7z, ZOEEETY) a3 Y+ NOPN R BS54
Hl, Vot ABEL 7YY ANBEEEL
(B%) L7z, 2L C#0R, OPNIZ X 5iE#AL
THIBDEFRESRIHDOSND Z Lo
2. BDRFAHZALELTIE, EELTH
FEIZ BV TOPNIZ & ) NF-xBASTEHAL & 7, [
i |2 forkhead box O3A (FOXO3A) M RAT 754
FENTWBEZ Edbrs7(H 2). OPNitin-
hibitor of NF-xB kinase B (IxB kinase-B ; IKKB)
DIEMHAL % /- L Tinhibitor of NF-xBo. (IxBo,) %
THET A, IkBall L ) YA SR TWw/-NF-«B
(pSO-RelA) DEENBAITY 7 F VHBH L, #Ii2
BITCEA L)1t 5. —HIKKBIE, FOX03A
ZIEHEICL, BANOBITRHEEL, 7H
M= 22WHIT A, 8512, OPNIZ7TR Kk —
¥ AMRHESTF T @ % Bim, Bak, Bax D F I % #41
TAHEILEYHALPE R o, INLOEBRTF
RT RNV ABES TR T A EEICLD,
OPNIZVEHAL THREDO 7R b — 2 2 % 30414 5
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BRRGRE - 7LV F—F 555% £25

\ REEMEHY A M HADRE '

SR
HRIS—E 3

3 aB-crystallinliC &> THEB I hBRES 7 FILOHE
aB-crytallinid 77 A 78—+ 3 §IERED DIEMEEI A A /83— 3 ~OFEELZIFIL,
FTAMAFA FDTRIN-V2AEHFT S, F7-CRYABIE, NFxBDFHEAL,
BABTZIHEL, £EX{RET 2p38MAPF T —EDEHILZIHTE. Th
LoEEICk Y, Thl, ThITRWICBWTHEINL ST ST REAEETA M
A VEEFIFIL, MSIREZ BB LE (.

Zebhrosz, LELD, OPNIZH A b A4
VEE, TRV AHGIZE, BORGET
MR OREMEOEE T /- LT, MSERREDE
EIZESLTWwWAHEEZOLNS,

aB-crystallin (CRYAB)

Crystallin&H %, KEEOTEMEEHEDI0%
&9, a,B,y D 3BEDcrystallinEH P E
5. CRYABIE, #F ¥ ¥~ TdH bsmall
heat shock protein7 7 3 —IZB L, K&IE,
Dfg, BREZ ECEBEAIFIROLNLY, van
Noort5id, TXRTOMEELITHTT B MR
0 THEEOBIERICE T L. ZOEE,
CRYABAMSEE B L MEERE THigmF D1
ERLZHETAZLERE L, CRYABHXMSD
EHRENO—D2TH AW REELER L /22, R
A2 X ), CRYABASEEIMEMSHRED
MmeERBHE(FY 7T YA M BLUE
RIBHIR ORI E SRRSO b7, 25612,
FEIZ IR - MSTRE I BT 5 BIZTFEY DOFEER
BITICBWT, RbBEECREDONLEETF
EYTHAIZ LAY, CRYABOMSHREIZB

TAEEENET o7z, 2T, Steinman 5 i
CRYABOMSTREE. R B 2 EEM AL H
89T, CRYABRIE~ Y A% {E#L L, EAE% Hi
L7z, ZOE, BAE <Y X ZH~, CRYAB
RIE< T ATIHEAEDEEL L7219, FRIC, BRIK
EROE — 7 B L VEBEREOERDOEENRD
biiz. TREFENEMIZEY, CRYABRIEY Y
AT, REVMHRIEE L BEOERATED L
Nz, TOL) RREBFZENELETRI—TVX
DEEZFANLEMT, HANS—¥3DREHR
BAFEREFITo/2 8 2 A, CRYABRIEYY R
CBWTIEBMETO N ZA8—F¥ 3 DRIHER
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Abstract

Microglia are believed to be the only resident immune cslls in the CNS, originating from hematopoietic-derived myeloid cells and
invading the CNS during development. However, the detailed mechanisms of differentiation and transformation of microglial cells
are not fully understood. Here, we demonstrate that murine microglial cells show two morphological forms in vitro, namely, small
round cells expressing CD11b, Ibal, triggering receptor expressing on myeloid cells-2 (TREM2), and weakly expressing major
histocompatibility complex class Il and large flat cells expressing only CD11b and Ibal. Moreover, lineage-negative bone marrow
(LN) cells cultured with primary mixed glial culture cells could differentiate into only the small round microglia-like cells, despite
the absence of CCR2 and Gr-1 expression. Addition of macrophage colony stimulating factor (M-CSF) to LN cell culture allowed
the proliferation and expression of TREM2 in LN cells, and the addition of neutralizing anti-M-CSF antibodies suppressed
the proliferation of LN cells despite the expression of TREM2. When LN cells were cultured with M-CSF, the number of small
round cells in the culture was considerably low, indicating that the small round morphology of the immature cells is not
maintained in the presence of only M-CSF. On the other hand, when LN cells were grown in the presence of astrocytes, the
small round cells were maintained at a concentration of approximately 30% of the total population. Therefore, cell—cell contact
with glial cells, especially astrocytes, may be necessary to maintain the small round shape of the immature cells expressing

TREM2.

Introduction

Microglia are believed to be the only resident immune cells in the
CNS; they develop from hematopoietic-derived myeloid cells and
invade the CNS during development (Ling & Wong, 1993). Microglial
cells are recognized to play an important role not only in neuroin-
flammatory and neurodegenerative diseases, such as multiple sclerosis
and Alzheimer’s disease, but also in neuroprotective and anti-
neuroinflammatory processes (Akiyama & McGeer, 2004; Sanders
& De Keyser, 2007; Takahashi ef al., 2007). In a tecent study, it has
been reported that physiological microglial phagocytosis induced the
efficient removal of apoptotic cells and cellular debris without
inflammatory processes; this process is expected to be a novel,
atfractive target for protection from neuroinflammation or neurode-
generation (Takahashi ef al., 2005, 2007; Neumann & Takahashi,
2007). The detailed mechanisms underlying the differentiation and
transformation of microglial cells, however, are not fully understood.
Even in adulthood, hematopoietic-derived cells develop into resident
perivascular macrophages and microglia (Hickey & Kimurs, 1988;
Priller et al., 2001; Simard & Rivest, 2004). Although the exact

Correspondence: Dr K. Takahashi, “Department of Neurology, s shove.
E-mail: kteksha@ioudom.hosp.go.jp

Recetved 26 May 2009, revised 8 January 2010, accepted 27 January 2010

cellular subtype of myeloid precursors that develop into microglia is
unknown, it has been reported that only Ly-6C™82 CCR2+ monocytes
can invade and differentiate into perivascular microglia (Mildner
et al., 2007).

The bone marrow produces new blood cells, including all cell types
of the myeloid lineage, some of which may differentiste into
microglia. Lineage-negative bone marrow (LN) cells are defined by
the absence of surface markers, such as CD3, CD4, CD5, CD8q,
CD11b/MAC-1¢, B220, Gr-1 and TER-119, and are considered to
comprise many hematopoietic precursors, including microglia precur-
sors. Thus, LN cells might represent microglial precursors and may
serve as a natural vehicle for CNS cells in gene therapy.

In this study, we show that murine microglial cells are present
in vifro in two morphological forms, namely, as small round cells
expressing CD11b, Ibal, triggering receptor expressing on myeloid
cells-2 (TREM2), and weakly expressing major histocompatibility
complex (MHC) class IT and as large flat cells expressing only CD11b

. and Ibal. We found that LN cells could differentiate into the small

round-type but not the large flat-type microglia-like cells. Moreover,
we concluded that not only macrophage colony-stimulating factor
(M-CSF) but also cell-cell contacts with astrocytes play an important
role in microglial differentiation.

© The Authors (2010). Journal Compilation © Federation of European Neuroscience Societies and Blackwell Publishing Ltd
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Materials and methods

Isolation of LN cells from adult green fluorescence protein
(GFP) mice bone marrow

Bone marrow cells were collected from 8- to 10-week-old C57BL/6
mice (Charles River, Japan) or GFP transgenic mice on a C57BL/6
mice background that were kindly provided by Dr Masaru Okabe
(Osaka University, Japan) by flushing out the femora and tibiae of the
hind limb under deep anesthesia by the diethyl ether. Erythrocyte
removal was performed by lysis with the Mouse Erythrocyte Lysing
Kit (R&D, Minneapolis, MN, USA). For eliminating lineage marker-
positive cells via negative selection, bone marrow cells were incubated
at 4°C for 30 min with eight types of rat monoclonal antibodies against
mice lineage markers [CD3, CD4, CD5, CD8«, CD11b/MAC-1q,
B220, Gr-1 and TER-119 (R&D)]. The cells were then washed and
incubated with immunomagnetic beads (Invitrogen, Tokyo, Japan) at
4°C for 30 min. Finally, LN cells were collected by the removal of
lineage marker-positive bone marrow cells by using a magnet stand that
attracted the lineage marker-positive cells attached to the antibodies.

All experiments were approved by the Ethics Committee of
Kanazawa University, and performed in accordance with the guide-
lines of the local animal care and use committee of Kanazawa
University.

Primary mixed glial cell culture

Microglial cells were prepared from the brains of postnatal days 3-5
(P3-P5) C57BL/6 mice under deep anesthesia by the diethyl ether, as
previously described (Tekahashi ef al., 2005). Briefly, meninges were
removed mechanically, and the cells were dissociated by trituration
and cultured in basal medium Eagle (Invitrogen), 10% fetal calf serum
(Invitrogen), 1% glucose (Sigma, Tokyo, Japan), 1% L-glutamine
(lnvitrogen) and 1% penicillin/streptomycin (Invitrogen) for 14 days
to form a confluent glial monolayer. LN cells obtained from GFP mice
were added onto the confluent glial monolayer.

Treatment of LN cell culture with mixed glial cell culture
supemnatant, neutralizing antibodies or cytokines

LN cells were cultured with the mixed glial cell culture supernatant
obtained from the Day 14 primary mixed glial culture. LN cells were
also cultured with a culture medium containing M-CSF (10 ng/mL;
Peprotech, Rocky Hill, NJ, USA), tumor necrosis factor-o (TNF-o;
10 ng/mL; Peprotech) or vascular endothelial growth factor (VEGF;
50 ng/mL; Peprotech) for 7 days. For the neutralizing assay, anti-M-
CSF (2 pg/mL; R&D), anti-TNF-« (2 ug/mL; R&D) or anti-VEGF
(1 pg/mL; R&D) antibodies were added in the LN cell culture for
7 days.

Immunohistochemistry

Mixed glial cell cultures with or without GFP-positive (GFP+) LN
cells were fixed in 4% paraformaldehyde for 1 h, blocked by Protein
Block (Dako, Denmark) for 2 h, and then immunostained with
monoclonal rat antibodies directed against CD11b (Serotec, Oxford,
UK) and a secondary fluorescence rhodamine-conjugated antibody
directed against rat 1gG (1 : 200; Millipore, Billerica, MA, USA). To
identify the cell type, cells were double-labeled with a purified
polyclonal sheep antibody directed against TREM2 (1 : 50, R&D),
monoclonal rabbit antibodies directed against Ibal (Wako, Kanagawa,
Japan), and ghal fibrillary acidic protein (GFAP; Dako) and

monoclonal mouse antibodies directed ageinst IAb (BD Pharmingen,
Tokya, Japan), followed by a secondary finorescein isothiocyanate
(FTTC)-conjugated antibody directed against mouse IgG. Images were
collected by fluorescence microscopy with a 20 X objective (Olym-
pus, Tokyo, Japan). A confocal microscope with a 40 X objective
(Zeiss, Jena, Germany) was used to obtain Z-stack images, and series
of optical sections (512 x 512 pixels, pixel size: 440 nm) were
collected at intervals of 380 nm. Images were analysed using the Zeiss
LSM Image browser (Zeiss). ;

To quantify the number of cells, 10 fields under the 20 X objective
were randomly selected and photographed by fluorescence micros-
copy using a digital camera (Olympus) for each experiment. Total
cells, GFP-positive cells and positively immunostained cells were
classified and counted according to their morphology.

Isolation of microglia and splenic macrophages

Microglial cells and GFP+ LN cells-derived microglial cells in
primary mixed glial culture were obtained by shaking the flasks at
0.25 g for 2 h. Adult CNS microglia and splenic macrophages were
obtained from GFP mice. The cortex and spinal cord of GFP mice
were isolated and homogenized. Homogenates were incubated with
0.3 Wunsch units/mL Liberase Blendzyme 3 (Roche, Tokyo, Japan)
and 0.1 mg/mL DNasel (Roche) in RPMI 1640 medium at 37°C for
30 min. Microglia were separated through a density gradient. The
cells were suspended in 27% Percoll (GE Healthcare, Tokyo, Japan)
and overlaid with a 72% gradient. The density gradient was
centrifuged at 1500 g for 30 min at 4°C. Myelin collected in the
27% Percoll layer was removed. The majority of microglia were
found in the interface of the 27 and 72% Percoll layers. Cells were
obtained from this interface and washed from the Percoll with
phosphate-buffered saline. The spleen was isolated and cut into small
fragments. Cells were incubated with 0.3 Wunsch units/mL Liberase
Blendzyme 3 (Roche) and 0.1 mg/mL DNasel (Roche) in RPMI
1640 medium at 37°C for 45 min. Erythrocyte removal was
performed using ACK solution.

Flow cytometry analysis of LN cells, microglia and splenic
macrophages

For flow cytometry analysis, cells were first incubated for Fc-receptor
blockade by CD16/CD32 antibody (BD Pharmingen) and then
stained with phycoerythrin (PE)-conjugated anti-IAb antibody and
anti-CD45 antibody (BD Pharmingen), PerCP-Cy5.5-conjugated anti-
CD11b antibody (BD Pharmingen), APC-conjugated anti-TREM2
antibody (R&D) and anti-F4/80 antibody (eBioscience, San Diego,
CA, USA), or purified anti-CCR2 antibody (Abcem, Tokyo, Japan)
followed by rhodamine-conjugated anti-Goat IgG (Millipore). Anal-
ysis was performed with a FACSCalibur flow cytometer (BD
Biosciences, Tokyo, Japan).

Proiiferation assay

Microglial cells and GFP+ LN cells-derived microglia-like cells in
primary mixed glial culture, adult CNS microglia and splenic
macrophages were cultured with various concentrations of M-CSF
(0-100 ng/mL), and cultures were pulsed with 1 mCi of PH]JTdR
(MP Biomedicals, Tokyo, Japan) for the last 16 h of the incubation.
Cell incorporation of [PHITdR was counted with a Topcount (Perkin
Elmer, Boston, MA, USA). The mean cpm of triplicate cultures was
calculated.
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Fic. 1. Morphology of microglia in primary mixed glial culture. (A) Immunocytology of primary mixed glial culture stained with anti-Ibal, anti-triggering receptor
expressing on myeloid cells-2 (TREM2) anti-IAb, anti-CD11b and 4,6-diamidino-2-phenylindole (DAPI). Arrowheads indicate small round cells. Amrows indicate
large flat cells. Scale bar: 50 ym. (B) The percentage of round cells or fat cells among staining-positive cells was quantified by microscopic analysis. Data are
presented as mean + standard deviation (SD). (C) The percentage of Iba-1-, TREM2- or I1Ab-positive cells among CD11b-positive (CD11b+) round or flat cells was
quantified by microscopic analysis. Data are presented as mean = SD. (D) Z-stack immunofluorescence confocal microscopy of primary mixed glial culture stained
with aati-CD11b (red), anti-glial fibrillary acidic protein (GEAP; green) and DAPI (blue). Scale bar: 10 pm. (E) Z-stack immunofiuorescence confocal microscopy of
primary mixed glial culture stained with anti-CD11b (red), anti-GFAP (green) and DAPT (blue). Scale bar: 10 gm. (F) Immunocytology of primary mixed glial
culture. Cultures were fixed at Days 1, 3, 5 and 7 of the culture and stained with primary anti-CD11b and anti-GFAP antibodies followed by thodamine- or FITC-
conjugated secondary antibody and DAPL Arrowheads indicate small round cells. Scale bar: 50 #m. (G) The percentage of CD11b+ round or flat cells was quantified
by microscopic analysis. Data are presented as mean = SD; *P < 0.05. Data are representative of three independent experiments. ’
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Stimulation by anti-TREMZ2 antibody

Small round cells were added to culture dishes coated with the anti-
TREM2 monoclonal antibody (R&D) or control antibody, and
centrifuged at 400 g for 5 min. Afier 60 min, the cells were fixed at
a final concentration of 4% formaldehyde for 10 min at 37°C.
Following centrifugation, the supemnatant was removed, and the cells
were resuspended in 90% ice-cold methanol and incubated for 30 min
at 4°C. Cells were washed and stained with Alexa 647-conjugated
anti-phospho-ERK1/2 antibody (Cell Signaling Technology, Tokyo,
Japan) for 30 min. Analysis was performed using a FACSCalibur flow
cytometer. '

Bio-Plex cyiokine assay system

Culture supernatant samples were analysed simultaneously for 17
different cytokines and chemokines (IL-1b, IL-2, TL-4, IL-5, IL-10,
GM-CSF, IFN-y, TNF-«, IL-15, IL-18, FGF-basic, LIF, M-CSF, MIG,
MIP-2, PDGF-BB and VEGF) using the Bio-Plex Cytokine Assay
System (Bio-Rad Laboratories, Hercules, CA, USA), according to the
manufacturer’s instructions. Briefly, 50 uL of each sample and
standard (Bio-Rad) was added to 50 uL of antibody-conjugated beads
(Bio-Rad) in a 96-well filter plate (Millipore). After 30-min incuba-
tion, the plate was washed, and 25 pL of a biotinylated antibody
solution (Bio-Rad) was added to each well, followed by 30-min
incubation apain. The plate was washed, and 50 uL of streptavidin-
conjugated PE (Bio-Rad) was added to each well and incubated for
10 min. After a final wash, the contents of each well were resuspended
in 125 uL of assay buffer (Bio-Rad) and analysed using a Bio-Plex
Array Reader (Bio-Rad). The lower detection limit for each cytokine
or chemokine was 2 pg/mL.

Statistical analysis

Data are presented as mean = SD of at least three independent
experiments. Data were analysed by the Mann—~Whitney U-test to
determine significant differences.

Results
Characterization of microglia in the primary mixed glial culiure

To characterize microglial cells in the mixed glial culture, we stained
several microglia markers such as Ibal, CDIlb, TREM2 and IAb
(MHC class IT molecule of C57/BL6 mice) on the cultured microglial
cells (Fig. 1A). CD11b-positive (CD11b+) cells in the primary mixed

" glial culture showed two major morphologicel forms, namely, small
round-shaped cells (32.8 = 6.9% SD of CD11b+ cells) expressing
Ibal, TREM2 and IAb (Ibal+ cells, 91.9 £ 10.2% SD; TREM2+ cells,
97.5 + 3.5% SD; 1Ab+ cells; 88.9 = 19.2% SD), and large flat cells
(67.2 = 6.9% SD of CD11b+ cells) expressing only Ibal (Ibal+ cells,
81.1 £2.6% SD; TREM2+ cells, 3.3 £1.1% SD; IAb+ cells,
64 +28% SD; Ibal vs. TREM2, P=0.0495; Ibal vs. IAb,
P =0.0495; Fig. 1B and C). Z-sectioned scans by confocal micros-
copy revealed that small, spherically shaped cells lay above the
astrocytes, and large flat cells lay under the astrocytes (Fig. 1D).
Moreover, the spherical cells appeared to have extended processes
toward the astrocytes (Fig. 1E).

To investigate the time point at which both the forms of the
microglial cells appeared in the primary mixed glial culture, we
performed a kinetic study. At Day 1 after the culture of mixed glial
cells, CD11b+ cells showed a small amoeboid shape (Fig. 1F). At Day

3, the CD11b+ cells assumed a larger flat shape. Small round CD11b+
cells were very few in number until Day 5 (Day 3, 1.9+ 1.1% SD;
Day 5, 2.7 £ 0.9% SD), but increased greatly after Day 7 (Day 7,
10.9 £ 1.1% SD vs. Day 3, P = 0.0495; Day 14, 32.8 = 6.9% SD vs.
Day 3, P = 0.0495; Fig. IF and G).

Characteristics of LN cells

LN cells were isolated by negative selection using magnet beads. The
purity of LN cells after negative selection by flow cytometry was
consistently above 90% on several examinations (Fig. 2A). LN cells
expressed neither the microglia marker TREM2 nor CD11b, which is
one of the lineage markers for negative selection (Fig. 2B). No
expression of CCR2 or Gr-1 (lineage markers for negative selection)
was detected on the LN cells, which have previously been described as
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FiG. 2. Flow cytometry analysis of LN cells. (A) Flow cytometry analysis of
LN cells (filled histogram) and bone marrow cells (open histogram) stained
with rat monoclonal antibodies against mice lineage markers (CD3, CD4, CD5,
CD8«, CD11b/MAC-1¢, B220, Gr-1 and TER-119). Numbers above the lines
indicate the percentage of LN cells. (B) Flow cytometry analysis of LN cells.
Filled histograms, staining with antibodies to markers below plots; open
histograms, isotype-matched control antibody. Data are representative of three
independent experiments. TREM2, triggering receptor expressing on myeloid
cells-2.
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markers of microglial precursors (Fig. 2B). IAb, which is an MHC
class Il antigen, was negative on the surface of the LN cells.

Differentiation of LN cells into microglia-like cells

LN cells obtained from GFP mice were co-cultured with primary
mixed glial cells for 2 weeks. Two weeks after the co-culturs, the cells
were stained by anti-TREM?2, anti-Ibal, anti-MHC class II and anti-
CD11b entibodies, followed by rhodsmine- or Cy3-conjugated
secondary antibodies (Fig. 3A). GFP+ cells showed two major
morphologies, ie. small and round cells with bright nuclei

Differentiation of bone marrow cells into microglia 1159

(27.7+=7.9% SD in GFP+ cells) and flat cells with dark nuclei
(699 £69% SD in GFP+ cells), similar to the microglia in
the primary mixed glial cells seen in Fig. 1. Most of the small round
cells were TREM2-, Ibal-, CD1lb- and IAb-positive (TREM2+
cells, 92.7 = 1.9% SD; Ibal+ cells, 93.6 = 1.6% SD; CD11b+ cells,
96.5 +3.1% SD; IAb+ cells, 84.6 = 13.4% SD; Fig. 3B), and were
spherically shaped along the z-axis (Fig. 3C). On the other hand, flat
cells expressed none of the following: CD11b, Ibal, TREM2 or IAb
(TREM2+ cells, 6.5 + 3.9% SD; Ibal+ cells, 3.5 = 1.0% SD; CD11b+
cells, 9.3+3.7% SD; TAb+ cells, 3.9+19% SD). Because
TREM2/DAP12 signaling is known to induce extracellular signal-
ing-regulated kinases (ERK) phosphorylation in immature dendritic
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protein (GFP) mice co-cultured with primary mixed glial culture. Cultures were stained with primary anti-Tbal, anti-triggering receptor expressing on myeloid cells-2
(TREM2), anti-IAb and anti-CD11b antibodies followed by thodamine- or Cy3-conjugated secondary antibody and 4’,6-diamidino-2-phenylindole (DAPL). Arrows
indicate double-positive cells. White arrowheads indicate GFP-negative rhodamine- or Cy3-positive cells. Red arrowheads indicate GFP-positive (GFP+) thodamine-
or Cy3-negative cells. Scale bar: 50 ym. (B) Percentage of round or fiat cells among GFP+ cells or double-positive cells. Data are presented as mean = SD.
(C) Z-stack immunofiuorescence confocal microscopy of LN cells derived from GFP mice co-cultured with primary mixed glial culture stained with anti-TREM2
(red) and DAPI (blue). GFP and TREM?2 double-positive cells show a spherical shape. Scale bar: 10 um. (D) Phosphorylation of ERK after cross-linking stimulation
of LN cell-derived small round cells by flow cytometry. Red line histograms, stimulated with anti-TREM2 antibody; blue line histograms, stimulated with control
antibody; filled histograms, stained with isotype-matched conirol antibody. Data are representative of three independent experiments. (E) Immunocytology of LN
cells derived from GFP mice co-cultured with primary mixed glial culture. Cells were fixed at Days 1, 7 and 14 after co-culture and stained with primary anti-
TREM2 or anti-Ibal antibodies followed by thedamine-conjugated secondary antibody and DAPT. Arrows indicate GFP and TREM2/Thal double-positive cells.
Arrowheads indicate GFP+ and rhodamine-negative cells. Scale bar: 50 pm. (F) The percentage of round or amoeboid/flat cells among GFP+ cells was quantified
by microscopic analysis. The proportion of small round and amoeboid/flat cells of GFP+ cells showed no changes at Days 1 and 7, but the number of small round
cells reduced at Day 14. Data are presented as mean + SD; *P < (.05, Data are representative of three independent experiments.
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cells, we analysed the phosphorylation of ERK using flow
cytometry after cross-linking stimulation of LN cell-derived small
round cells in order to determine whether the TREM2 on small round
cells was functional. Stimulation of TREM2 of the LN cell-derived
small round cells induced phosphorylation of ERK as demonstrated by
a specific antibody recognizing the phosphorylated form of ERK
(Fig. 3D).

In the kinetic study, GFP+ LN cells were immunostained Days 1, 7
and 14 after co-culturing with primary mixed glial cells with anti-
. TREM2 and anti-Tbal antibodies followed by secondary antibodies.
At Day 1, LN cells had already differentiated into two morphological
groups — small round cells expressing Ibal and TREM2, and flat
amoeboid cells (Fig. 3E). Interestingly, the ratio of LN cell-derived
small round and flat cells remained identical at Days 1 and 7, but
reduced at Day 14 (Day 1, 45.7 £ 2.5% SD; Day 7, 41.7 + 1.9% SD
vs. Day 1, P=0.0495; Day 14, 29.5+6.4% SD vs. Day 1,
P = 0.0495; Fig. 3F).

Analysis of surface cell markers and proliferative capacily
of LN cell-derived small round cells

In many publications, not only the expression of CD11b, Ibal and
F4/80, but also low expressions of CD45 and MHC class 11 have been
used as microglial markers. Among them, low expressions of CD45
and MHC class II are one of the most important resting microglial
markers. We measured the quantitative expression of CD45 and MHC
class II on brain microglia, cultured microglia and LN cell-derived
small round cells. As shown in Fig. 4A, LN cell-derived small round
cells showed low expressions of CD45 and MHC class 11, which was

identical to results for cultured and brain microglia as compared with
those for spleen-derived macrophages. LN cell-derived small round
cells were also F4/80 positive, which is known to be another
microglial marker.

Because microglia can continue to proliferate and differentiate to
macrophages, we investigated the proliferative capacity of brain
microglia and LN cell-derived small round cells with various
concentrations of M-CSF, and compared this capacity to that of
splenic macrophages. LN cell-derived small round cells showed
increased incorporation of [*H] thymidine similar to that by brain
microglia, but [°H] thymidine incorporation by splenic macrophages
did not increase in a low concentration of M-CSF (1 ng/mL; LN cell-
derived small Tound cells vs. splenic macrophages, P = 0.0495; brain
microglia vs. splenic macrophages, P = 0.0495; Fig. 4B).

These results indicate that small round cells and microglia are
similar in terms of their cell surface molecules and the proliferative
capacity.

Proliferation and differentiation of LN cells in the presence
of M-CSF

To examine the humoral factors necessary for the differentiation of LN
cells into microglia, we cultured LN cells with the supematant of the
primary mixed glial culture for 7 days. Most of the LN cells cultured
with this supematant (LN-Sup cells) were flat in shape and expressed
CD11b, Ibal, TREM2 and IAb (Fig. 5A).

Next, we measured the concentrations of cytokines in the
supernatant of the primary mixed glial culture using the Bio-Plex
Cytokine Assay System. Among the assayed cytokines, the concen-
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FIG. 4. Surface cell markers and proliferative capecity of lineage-negative bone marrow (LN) cell-derived small round cells. (A) Flow cytometry analysis of
cultured microglia, LN cell-derived small round cells, brain microglia and splenic macrophages. Open histograms, staining with antibodies to markers below plots;
filled histograms, isotype-matched control antibody. Data are representative of three independent experiments. (B) Proliferative capacity of cultured microglia, LN
cell-derived small round cells, brain microglia and splenic macrophages. Proliferation was measured by thymidine incorporation. Data are presented as mean = SDy;
*P < 0.05. Data are representative of three independent experiments. M-CSF, macrophage colony stimulating factor.
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F1G. 5. Proliferation and expression of triggering receptor expressing on myeloid cells-2 (TREM2) on LN cells in the presence of macrophage colony stimulating
factor (M-CSF). (A) Immunocytology of LN cells cultured with supernatant of primary mixed glial culture. Cultures were stained with anti-Tbal, anti-TREM2, anti-
IAb, anti-CD11b and 4',6-diamidino-2-phenylindole (DAPT). Scale bar: 50 um. (B) Analysis of concentration of cytokines [IL-1b, IL-2, TL-4, IL-5, TL-10, GM-CSF,
IFN-y, tumor necrosis factor-¢ (TNF-), IL-15, TL-18, FGF-basic, LIF, M-CSF, MIG, MIP-2, PDGF-BB and vascular endothelial growth factor (VEGF)] in the
supernatant of primary mixed glial culture by using the Bio-Plex Cytokine Assay System. ND; not detectable. Data are presented as mean + SD of 12 independent
experiments. (C) Immunocytology of LN cells cultured with M-CSF-, VEGE- or TNF-g-containing medium, and anti-MCSE, anti-VEGF or anti TNF-t antibody-
containing supernatant of mixed glial culture. The cells were stained with anti-TREM2 antibodies, CD11b antibodies and DAPL LN cells cultured with M-CSF
showed no change in their morphology or surface markers as compared with LN cells cultured with the supernatant of primary mixed glial culture; however, the
addition of anti-M-CSF antibodies remarkably reduced the cell number. Scale bar: 50 um. (D) The percentage of spherical or flat cells was quantified by confocal
microscopy. Data are presented as mean + SD; *P < 0.05. Data are representative of three independent experiments.

trations of M-CSF, VEGF and TNF-¢ were remarkably high
(614.2 £ 121.5 SD pg/mL of M-CSF, 2349.4 + 845.9 SD pg/mL
of VEGF and 585.5 +278.2 SD pg/mL of TNF-0)) compared with
those of the other cytokines (Fig. 5B). IL-2, IL-4, IL-5 and GM-CSF
were not detected, and the concentrations of IL-18, IL-10, IFN-y,
IL-15, FGF-basic and MIG were very low (24.8 + 10.7 SD pg/mL
of IL~18, 12.4 + 6.9 SD pg/mL of IL-10, 18.0 + 13.0 SD pg/mL of
IFN-y, 34.4 £ 12.5 SD pg/mL of IL-15 and 21.6 + 11.9 SD pg/mL
of FGF-basic). The concentrations of IL-18, LIF, MIP-2 and PDGF-
BB were at an intermediate level (61.9 + 23.3 SD pg/mL of IL-18,
92.5 £23.8 SD pg/mL of LIF, 34.7 + 11.6 SD pg/mL of MIG,
57.0 £31.6 SD pg/mL of MIP-2 and 115.7 £36.1 SD pg/mL of
PDGF-BB).

To investigate the effect of each cytokine on the differentiation of
LN cells, we cultured LN cells with M-CSF, VEGF or TNF-¢ for
7 days. All the LN cells cultured with M-CSF (LN-MCSF cells) were
CD11b- and TREM2-positive (Fig. 5C). Morpbologically, most
LN-MCSF cells showed flat shapes on confocal microscopy
(Fig. 5D). The number of LN cells cultured with TNF-¢ (LN-TNF
cells) or with VEGF (LN-VEGF cells) were very few, although these
cells expressed CD11b and TREM2 (Fig. 5C).

Next, LN cells were cultured with the mixed glial culture
supernatant containing neutralizing antibodies of M-CSF, TNF-a or
VEGF. Addition of the anti-VEGF antibody or anti-TNF-o antibody
resulted in no change in the morphology or surface markers as
compared with the culture containing the control antibodies; however,
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the addition of anti-M-CSF antibodies remarkably reduced the cell
number despite the expression of TREM2 (Fig. 5C).

Cell-to-cell contact between microglia and astrocytes

In order to reveal the role of cell-to-cell contact between microglia and
other glial cells, especially astrocytes, in the differentiation of LN cells
to microglia, we performed immunostaining of the mixed glial culture
with LN cells by anti-GFAP antibody followed by secondary
rthodamine-conjugated antibody against rabbit-IgG. Analysis by
confocal microscopy revealed that LN cell-derived small round cells
were positioned above the GFAP-positive astrocytes (Fig. 6). On the
other hand, large flat cells lay immediately beneath the GFAP-positive
astrocytes.

Discussion

Microglia, the immune cells of the CNS, exist in three distinct forms —
amoeboid, ramified and reactive microglia. Ramified microglia are
present in the brain parenchymea and constitute approximately 10-20%
of the total population of glial cells in an adult (Vaughan & Peters,
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FiG. 6. Z-stack immunofiuorescence confocal microscopy of LN cells derived
from green fluorescence protein (GFP) mice co-cultured with primary mixed
glial culture stained with anti-glial fibrillary acidic protein (GFAP; red) and
4’,6-diamidino-2-phenylindole (DAPL; blue). Scale bar: 10 pm.

1974; Banati, 2003). Remified microglia are small round cells
comprising branching processes and are considered to be functionally
inactive. Further, they are known to express TREM2 in vivo (Schmid
et al., 2002; Sessa ef al., 2004), but not MHC class II (Santambrogio
et al., 2001; Servet-Delprat ef al., 2002). Recently, HSP60 has been
identified as the ligand of TREM2, and its interaction with microglia
has been demonstrated to stimulate microglial phagocytosis (Stefano
et al, 2009). This result indicates that TREM2 might play an
important role in physiological phagocytosis as one of the microglia-
specific functions. TREM2 expression on small round cells in primary
mixed glial culture might indicate that small round cells have greater
mobility as microglia than do large flat cells in patrolling the brain
environment in order to identify HSP60-expressing cells. Moreover, as
shown in Fig. 4A, small round cells weakly expressed MHC class I
molecules similar to brain microglia. These results support our
hypothesis that small round microglia in vitre differentiated to a
greater extent than did large flat cells. Consistent with the results of the
current study, previous studies have reported two different morpho-
logical shapes of microglia in primary mixed glial culture cells derived
from mice (Saura etal, 2003) and rats (Tanaka efal, 1999;
Kuwabera ef al., 2003). In another study, the kinetic analysis of rat
primary mixed glial culture demonstrated that ‘amoeboid’ or ‘round’
cells appeared during the early stages of the culture, and that the
majority of ramified microglia were formed after the complete
formation of the astrocyte monolayer (Tanska ef al, 1999). We
demonstrated that LN cells directly differentiated into small round
microglia-like cells without the intermediary formation of large flat
precursors. Although Ly-6C8" Gr-1+CCR2+ monocytes in the
peripheral blood have been reported to be the precursors of adulf
murine microglia (Mildner ef al., 2007; Getts et al., 2008), the LN
cells in our study did not express CCR2 or Gr-1 (the anti-Gr-1
antibodies used in this study also reacted with Ly-6C). The role of
CCR2, a crucial chemokine receptor for the chemotactic attraction of
monocytes or macrophages during CNS inflammation, has been
investigated in animal models of multiple sclerosis, such as experi-
mental autoimmune encephalomyelitis (Fife et al, 2000; Izikson
et al., 2000). However, the physiological development and functions
of microglia are independent of CCR2 expression (Mildner ef al.,
2007). Because the absence of CCR2 expression is highly related to
the Ly-6CMe® subpopulation (Mildner ef al., 2007), Ly-6C may play a
more important role than CCR2 in microglial differentiation. It is
unclear why the LN cells differentiated into small round microglia-like
cells despite the lack of Ly-6C and Gr-1 expression, but we
hypothesize that the blood-brain barrier plays a key role in the
differentiation of LN cells. Indeed, Ly-6C is known to regulate
endothelial adhesion and the homing of CD8+T cells by activating
integrin-dependent adhesion pathways (Hénninen ez al., 1997).

On the other hand, the LN cells in the current study did not
differentiate into flat cells as the precursors of small round microglia.
Since they were first described by del Rio-Hortega (1932), the
developmental origin of microglia has not been completely elucidated.
It is widely hypothesized that microglia are derived from myeloid
lineage precursors and/or hematopoietic precursors during CNS
development. The fact that the formation of microglia occurs before
the onset of vascularization in the developing brain (Wang ef al,
1996) suggests that hematopoietic stem cells, which act as precursors
to microglia during development, may be more primitive than
precursor LN cells. Therefore, it is likely that the LN cells adopt a
different pathway to differentiate into small round microglia-like cells.

The supernatant of the primary mixed glial cultures derived from
mice contains many cytokines, such as M-CSF, VEGF and TNF-o.
Our study showed that M-CSF plays an important role in the
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differentiation and proliferation of LN cells. TREM?2 is 2 unique
molecule that is only expressed on microglia, osteoclasts and
immature dendritic cells (Colonna, 2003), while other microglia-
specific markers such as Ibal and CD1ib are also expressed on
macrophages and monocytes. Because TREM2 was not expressed on
the mature dendritic cells or the activated microglia (macrophages), it
is likely that TREM2 expression may be restricted to the immature
stages of myeloid lineage cells. In our study, M-CSF induced the
proliferation of LN cells, and the expression of not only CD11b and
Ibal but also TREM2 on LN cells; this indicates that M-CSF
determines the differentiation of LN cells into the myeloid lineage, but
not into fully differentiated cells. Although the addition of anti-M-CSF
antibodies appears not to suppress the expression of TREM2 on the
LN cells, these TREM2+ cells may have originated fom more mature
precursors that are independent of M-CSF. These immature LN cells
would eventually be fully differentiated under physiological condi-
tions. When LN cells were cultured with M-CSE, the number of small
round cells in the culture was considerably low, indicating that the
smeall round morphology of the immature cells is not maintained in the
presence of only M-CSF. On the other hand, when LN cells were
grown in the presence of other glial cells (especially astrocytes), the
small round cells were maintained at a concentration of approximately
30% of the total population. Therefore, cell-cell contact with glial
cells, especially astrocytes, may be necessary to meintain the small
round shape of immature cells expressing TREM?2.
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