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APS: ammonium persulfate

BSA: bovine serum albumin

CD: cluster of differentiation

DAB: 3, 3’-diaminobenzidine

DAPI: 4’, 6-diamidino-2-phenylindole
EAE: experimental autoimmune encephalomyelitis
GFAP: glial fibrillary acidic protein

HE: hematoxylin-eosin

Ibal: ionized calcium-binding adapter molecule 1
LPS: lipopolysaccaride

MAG: myelin associated glycoprotein
MBP: myelin basic protein

MOG: myelin-oligodendrocyte glycoprotein
MS: multiple sclerosis

PBS: phosphate-buffered saline

PCR: polymerase chain reaction

PFA: paraformaldehyde

PH: pleckstrin homology

PLD: phospholipase D

PLP: myelin proteolipid protein

PVDEF: polyvinylidine difluoride

PX: phox homology

RT-PCR: reverse transfection-PCR

SDS: sodium dodecyl sulfate

SDS-PAGE: sodium dodecyl sulfate-polyacrylamide electrophoresis
SPF: specific pathogen free

siRNA: small interfering RNA

tetO: tetracycline operator

TBS: Tris-bufferd saline

T-TBS: 0.1 % Tween 20/TBS

TEMED: N,-N,-N’,-N’-tetramethylethylendiamine
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BfE, £ POMIE, BXL L 860 EMEOMEEMIE & IZIFRED 7V 7 R X
W S TWwasZeERnmbobn<Tng V. ZU 713 HAZETIEE (glue: #5H
LLTfELATWEED) 2RTFY TFED glia i &E LTHADITONT
MlacHd s, PRMEO 7Y 7TMRICIE, YA e A, FYITTFT et ga
FBLXOI w7 VT REVFEETD. 7Y THAEZ=a2—2 0K D X5 7%
MRz bizonic), [FRIcER EOmRMEED EIICEZRE G5 135
AN TWRNo72., 2O 7Y 7 /T hHHE BSOS, REOHEG B
iU%%%%@%kLT%“?%:&TW@%%@@%%@%?%&%V%%
ALNTERED., LorLlhdis, B4, 7 )71’*EHH’7 (3 AR R R SR T d8 U T A R [
Ft%@é}ﬁﬁ’m:%@%_%bé\_& L0, MHEREIC] L THERERKR 2 R-T L35
AHNTWD > Y. X6z, EFRME OD%E@% (A, AR AR R T O ER &
BRFHBICEDLDL ZELRINTWVD., 20D U THRONIEIL, EmFs sy
BB TR, MRENFHEBCOR R E R EDOEZESE OIS THIER
EhTWng .

ZUTHROFTTREEZEDLT A MY A MIKRFROEEZFESL, T
PRRNINRBEE DO MR LZAITO 2P MbN TV 5. 2 0%k 13 M < i
BIZIA<#ELTE Y, BMMENLMRE & b ICmMEMEAMEZERT 2 9 7R
FPed A ML R EVME T T 2ZBE, AT FryRrAVBEIORT
VAR—=Z =R EDZ N ITERHFAELTEBY, 2K 7 T HIBEANICES
13 5 WIXAFR RN FER SN D Y. 51T, MERERMEERICS L THM
*43%%%15%%?“/1/7'72%Hﬂ\f:%iﬁ@ﬁ%‘%“ﬂi,ffﬁfﬂﬁl MEIE R OFEFEICT A b
YA FOEMHAREET L2 b RmBENTND 7.

MREIRICIZI =Y v (B B EOMBTERINATWS. MR RIC
BWT, AV F7F Pt A PAEELMEL THRERZRBLMEICLEE
0, Mgk 22 LET IRl TERSEBEBEL K L, BB E L
HEIEDL Y, BICHMKMHRRI =Y VAR T 2 28X o X7 EOREEIX
R 3 T, RO FEOLONZ V. BEREMN X /N7 BEIZ1X myelin basic
protein (MBP), [ E ¥ /X7 & TIlX myelin associated glycoprotein (MAG),
myelin-oligodendrocyte glycoprotein (MOG), myelin proteolipid protein (PLP) 72 &
WAL TWD., PTHRMAREROB CREMENEERETH DL I MM E
(multiple sclerosis: MS) OEBEMET L, ERET LA X —MNEFRK (EAE)
TIiL MBP, MOG » % Wi PLP ZHifl& 95 2 & THEEMUSLEEETEO
EAE Z# B S T2 L BAfEER>TWVD. ZOKKIZ MS D% 87 il Ik 4% 12



HLEET A ZARER SN, WEHITS L CHREEOHERED L TWVD
8,9, 10)

Za—n KOO 7 ) 7RI RARER RO MRS S RET D,
—F, 27u 7V 7E, BERRS~v 7 v 7 7y — U LA ERIC H IR EE Ok C R AR B 0N
FHkOBEMMEEZERICTZ2EEZ20N TV, 27070 TIIMOGEHY
M E L CHhMmMRICRALEZMER SICHT2%E - -MiREEEZRL, £
BELZZTEHMBER 2 EORELZIT) EF AN TS BHITHIEHI 7 e
V75 WIEEEBNEREENTO I IT7A4A NI 707 )7 ENG. 2017
JIUTHESELEMCEVWREEZA LEHOREZEN T2 LIzl %
oL Tnd " ER TR A L RE 2 LIS LT 5 L Zei AR L,
MRAERNRKRELS AL RO BENBMICELT . EE I rsa ) 7 m
LT DN, SOICHEEEEZESRSLTCT AR, K77 )7 LIRS IR
RBIZ2 L, MEAEMICEE LARIEMANEZRET 5 (Fig.l). WALEORERED
AT, BRENICELATL T VX iR O VAR R ER{ThbiLD R, Z
OWMBIZTEMALI 70 7V T RS2 2. 27070 7 OEMHEBIZT VY
AN =F VR EDOMREMRKBICHLEAEL TEBY, i RIGED
Z—Fy hELTHERBENATWS . BIZAMEOE hTlEIza 7 U 7R
WRNZH N CWDZ R TWnD W, ZoXHICiEEIEIZz7 a7 7idd
AR RDOFEBRELCHEBICBWTEZERMEEERL, Z<OKELZH > TN 5.
EHWI 77 U TIEENORIE LIEEN, ZOIEEAICEVREEDOY A I
AR EDODMHREEFERNTZELET DG & MR RER MR RN 1 % EE
TLHERHY, AHORNEBRM LN OHEEL WD . LERn- T, ©E
HHBLOKRERICB TSI 2707 7oMERS LR 0&E OLEZ TR
HZEM, IEWICEHELLEZZILNS.

Phospholipase D (PLD) XMt =2 Y VIEE CHLIFARA 7 7 F T a Y
YERAT yFUoME ) SRR OFETH L. WILIED PLD 7 7
R —lE O TFORENIrLREL 22007 V=TT oD FlAR Y AT O
PLD1 3 X O PLD2, W FHBEOCHMLUENLH L 77 IV —llMAa b KE
% A 7 ® PLD3, PLD4, PLD5 33 X ' PLD6 T&» % (Fig.2). PLDI1 ¥ X O® PLD2
IX Ras/MAPK 1 A — RD 7 F /VIZE#E 7 % phox homology (PX) domain, PLD
DO/ — K~F—4rF &L TH < dynamin & #5& 7 % pleckstrin homology (PH)
domain % A L , B F & 4 2 % 3 X % X 7% HKD ® F — 7
[His-X-Lys-(X)4-Asp-(X)s] 232 2&H 5 ', PLDI ¥ L O PLD2 (%, HImEkD &1k
HESLBRERREICEET 22N RBINTND .

BEE @ ¥ A7 PLD ®HFTPLD3 |[ZPLD4 tixgbAETr Y—0nE<, EITKIN
D=z —a CMEEICHEE L TWD '™, T4, PLD3 O BN ERET LY N A
~— WO I/ D 2 EBRBI N TWD . PLD6 X mitoPLD & L T4l



BN TWHIERY RN IJET, I bary RYTIRICHFETHIEBEINYA Y BV
EMAKSEEL, VI I T ThHLIFIATyF UV UBEPELET D 9. 5123
Far RUT7Oo@ABEBIOCERMBAEZARICAELLZIPa Ly I 7O
BIZBNT D Z ERMBNTWND 2D,

PLD4 1%, M4H#FZea & HALZMEFRM Y v ¥ — o i E — i+ (BAE IR
BERK% #H) o7 v—7LoFEHERICEY, 2707 0T UNOMDO 7 )T
FAMEBE O —a VCERERRBD LN T, G LI 7 a7 ) TICHRE
Wns o278 LTCRESNTSF THDH. PLD4 [dfthd PLD & (T &7
D, /M TIFEZIHBEAPLRBELASNANER LKED, A% 7THE CTZOREE
WK ERY, ZOBITWBW L, £% 21 HBIZIXIHAT 5 (Fig.3; Yoshikawa et al.,
2010). FiC, HEEBBRO~Y U Z/NMMBEICHFET DIEERI 72 7Y 7 ICHEBL
LTHEY, ELPWRAAEOPBREICHEMT 52EMLI 727 ) 726 Z OFEEN
RHDHILTWD 2P ML TIE, MR, MR X O & ofiE N k%
LRI H 3B L CTWD (Fig.3).PLD4 12503 O 7 2 JBEELLHR SN, N K
SN 1T DO EE domain #HF L, C KugfliZid 2 2D HKD £EF—7 0" dH 5
(Fig.2; Yoshikawa et al., 2010). ##fy7e PLD 7 » I U — 23 U JE'E & 1K 47 i
TOMBEMEEZ R TOICAAIXRZEHRTHD HKD EF— 72 FF > TWDHITH
Bl 53 PLD4 X PLD & L COBEIBEMELZ RIS RV ®, ZOEREITI RN
ToHD. ZiILFE TIT lipopolysaccharide (LPS) I L W iRk SN/ ERD IV
o7 U7 T, BREEORIM L PLD4 (X £ T E W ICIFELE L, bioparticle & &
BIEDLILEABRICEBITLIZENRHALNIR > TWD 22 i, HEKHEAKA
WCEZWVWHORENERETHO LI MERKIEDORBEORE L LT PLD4 BIE T
WE Iz P U TlE PLDY B0y AERIZEY, HEHRKRZIE
WL fER 2R3 20 R ERERPEG T o2HELEOEELREINL TS, L
MLUen G, BEMOMO BEICHBWRBEEXNEL AT PLD4 OMEL L O
M D FREBBICBITARECOVTIEHLMICTER TR,

ZZT,EERNICTHEIT D PLDE OMEZ I &I T 272012, Y= T PLD4
K~ ZANER S 7=, PLD4 1%, ~ 7 ZJE1F D in situ hybridization 12 X %
mRNA BT — X X—X T4 145 BEPOARICHRS BEH T D5 2 L BRRE
LTV % [genepaint (http://www.genepaint.org/), EH4997, Embryo C4027 3 4A]. %<
D7z, PLD4 RE~TVATIHEBRESKEICEDIAREELZZLONZZ Enba
Ta4vatn )y TR RELTERIENT. avy T a7
7 b~ U X ® {E#® 2 X Flexible Accelerated STOP Tetracycline Operator
(tetO)-knockin (FAST) system ** (Fig.4) O X — 7 v T 4 > 7 X7 X —% H iz 29,
DO~ ATIE PLD4 EinFBth = K ORTIC STOP-tetO cassette 234 A & h
TWb7d, "E#HAIK~T A (Ho) T, PLD4 %3 H L 72\ (Fig.5). —F,
Cre VarvybvFr—EB2RB T2~ AL ITADLEITLY STOP BF DR £



http://www.genepaint.org/

MARETHY, EF~ TV ACRTILENTEDL. EBICT IV 427U o #Hl#M

NT v 2GR - DO IFfE FC, PLD4 Z#RAIMNICRB ST L L AETH D.
BERMZMRL T 2% PLD4 R~ 7 ATt PLD4 IFEEICKEL TV DHMN
JBABEIZELT, AT AOEAICHE > TAEENDI I ERBRINTVDS. £
TEAREEMZ2EURMICREDONEREAMOLZLLRO LN TW AW, L LIEE
BEESHEMIRETCHEAT 27027 U 7128V T PLD4 RENED X 9 7 @&
HZDHDIEW 6N TR, £ TR TIX PLD4 RE~ U R D /K
B LOCAHEREZICB T 2L ZMAT L PLD4 OFBEZHLNCT HZ &% H
e L.

IEIEAE EIERMOBTMICH O MR EE &N EE N DR D . B L 72 /NiK
3B OHBRINTEY, ML HFE, 7% o fild)Eis X OEE 2N
FIEL, TONMICAENNMEL TWD (Fig6). 7% oIz ixiziEs
BT L g0 K& 2MEES S ATEY, 5 FEicshik ez
R L CWD. 51 B IC X R IR 2y & o dil S8 BRHE A OY, 7L % o = Hil fd o ff
RERLES T T RAZER LTS, FLF il ECIIAA—T <~ 70T
IS T A Mt A O —FENFELEL T, /R E I T TRARICEARD
ZERAEMIL, YArFroafiflo s ST AFEEIICEE L TWD. MNEEEIZIZA
J)REHME & U CHERLHA e~ O 2 &R FRAE  (mossy fiber) 38 X O 7L 3% = fffl fil i1
HOYD B E#RKE (climbing fiber) & 5. /WM —OH I RZBHETH D T Lx
THIROEMRELH L. CHOLMBRBMEITZTY) IF o Pt A THERESNLD
(=Y ) THEDLODALTWD., IWHEHRIZIEIT VX Mg dhE» o OfE &I
XV SN 22BN ES L TWDH/NIKEE (cerebellar nucleus) NfF{ET 5.
~ U APNITAEBICHEEL, 20 H TRALZMEBE L TERT S, ¥
THIRIEMER>OBE L, R MRIIERBONERE»D 7 v g %
BWx CHEREICBENT 22 L THRAT L. MO, BETITAERES
HEE AV ITFT o Rah A PRIV OEKZIZICLD, ZORHOAEIC
TEM LS 7 e V7B T A e YA BRGFEHETDH. 2N OHE N
O, Wbz 7 U 7ICRBEIMT S PLD4 1%, /NMAERKICES
THRRRENRZ X b D 22829,

R MEEACE XTI R RE CTH Y, A EIELZEVIR LN D SR
PR EELZ R T ZER/FBERDIERTH L. 2 0L R MM ALIE T,
Bl L > T, AV ITF > Fedag FOoEMEBLOEHRORELHERICAEL D
TEMEmLENTWVWS 3 KIEEDO I N E TOMTIC LY, PLD4 [TIEH %
R TR, B EROIEEALI 7 a7 V7 THLZORBE LV EFR
REINTWVD P ZZTCAMETIEMEERES L OB FEARTCOI I r Y
UTIWEB L., BHEERETLHMICIE, 77V ETAEHWE Y.
7 71U " . (bis-cyclohexanone-oxaldihydrazone) (Z8i% L — FHlDO —F TH Y, &

4



BN~ A TEHBAMUNICHKO AE, HICHETHR#EEZAET S5 9.
DFEET NV EZFHATHZE THMHEES LTI v FHABRICE TSI
a7V T OEERNDLLENARELE R D.

R L7zkoic, 2707 ) 7 XEFERMERICEAS T 5720 T, RIE,
MREMEEREDL D VIR ERERLEOKE A RMOREORIEL L OERICEH M
552570, 205 FHFEHLNCT A2 ENEETH D . K%L TIX, PLD4
WWEHL, TOMMEMCTOBEZHLLICTDHZEEZHME L, PLD4 R~V
A DM F R E T o7, £, MOAEBBEEEMICK IS PLDY O & E
AR DI, PLD4 KRB~ U X O /N Z o0 2 50 57 FL Rk G 61k 2 W TR AT
L7z, DT E#HEL L OZ0OREARKI Y bEMTH LD, 7V T/l
BAL 2 EN AT VWEWHIFENHD. £ 2T PLDE OFRB L LN E VIR GE
W DR EBEBEO /MM E P OICEEIEE AWMkt %17\, PLD4 X
H~TRCBTA2EZBHAM L OLKIZED inviveo fEFT LT, WIZ, FEITH
BERFICIEE SN DI 7027 U TICEB T %5 PLDYd OFEFIZOWVWTHNL =D,
PLD4 R ~T R LHAM T 22 02% 77V VU EREZERSE, Bl
ETNAYTAEER U WS R OETT L SHEHZEOWMEY M2 W &
RIZ X D mEMERGEG TV, AR L PLD4 RKE~TVRAZBITSI 707
T OEALEEE L 2.
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ramified activated amoeboid

Fig. 1 The three states of microglia.
(modified from Neuroglia pp.86, 1995)

Microglia are classified into three states. The ramified microglia has small cell body
with long branched processes in resting state. The activated microglia with thick
processes has proliferative capacity. The round amoeboid microglia is in phagocytotic

state.



Mammalian PLD superfamily

Amino acid number
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(modified from Yoshikawa et al., 2010)

Fig. 2 Structural comparisons of PLD superfamily members.

Protein strucures and domains of mouse PLD family members (PLDs); PLD1, PLD2,
PLD3, and PLD4. Top line represents amino acid position. Mammalian PLDs are
divided into two types; the classical type including PLD1 and PLD2 and the novel type
including PLD3 and PLD4. PLD4 is a protein composed of 503 amino acids and has a
transmembrane domain and two HKD motifs but dose not have either a PX or PH
domain. The HKD motif is necessary for the enzymatic activity of PLD1 and PLD2 but
PLD4 does not exhibit phosphatidyl choline-specific phospholipase activity.



Tissue Distribution (P7)

Cerebellum ‘
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(Yoshikawa et al., 2010)

Fig. 3 Developmental change in cerebellum and tissue distribution of PLD family
mRNA.

Semi-quantitative real time PCR (qQRT-PCR) analysis of PLD family mRNA in
cerebellum at embryonic dayl18 (left), postnatal day (P) 0, P3, P7, P12, P15, P21, and
P56. The expression of PLD4 was detected gradually from PO, peaked at P7 and
rapidly decreased to adult level at P21 in mouse cerebellum. Analysis of PLD family
mRNA in various tissues at P7 (right). PLD4 was detected in the thymus, liver, and

spleen.



ATG of PLD4 gene
‘ i ‘

ATG of PLD4 gene

. L d -~~---
loxP: Iot_:us of X-over P_l_ ’,f 3.5k bp ~————
FRT: Flippase Recognition Target Pra ——
Neo: neomycin resistance gene loxp FRT Neo-STOP FRT tetO loxP

STOP: Stop sequence
tetO: tetracycline operator ‘:* Neo I STOP '

Fig. 4 Genome structure of the PLD4 gene in PLD4 knock-in (PLD4-deficient)

mice.

The PLD4 knock-in (PLD4-deficient) mice (PLD4-KI) were generated by the
homologous recombination using the PLD4-targeting vector containing a STOP-tetO
cassette inserted in front of the start codon, The STOP-tetO cassette contained

sequences for; loxP, FRT, a neomycin resistant gene, STOP, FRT, tetO, and loxP in

order. WT, wild type.
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Fig. 5 Elimination of PLD4 mRNA and protein in PLD4-deficent mice.

A, Expression of PLD4 mRNA by qRT-PCR in brain, spleen, liver and thymus of wild
type (WT) and PLD4-deficient (Ho) mice. Graphs show the relative ratio of the level
of PLD4 and f-actin mRNA from samples run in triplicate from 3 independent
experiments. In wild type, PLD4 mRNA was expressed in brain and various
reticuloendothelial tissues, inculuding the spleen, liver and thymus. In PLD4-deficient
mice, PLD4 mRNA was completely eliminated in these tissues. B, PLD4 protein levels
in adult wild type (WT), homozygote (Ho), and heterozygote (He) mice. Spleen
homogenates (10 pg) with or without deglycosylation were separated by 10.5% sodium
dodecylsulfate polyacrylamide gel electrophoresis (SDS-PAGE) and Western blot
analysis was performed using an anti-PLD4 antibody. Since PLD4 has multiple
glycosylation sites, various PLD4-related bands (70~75 kDa; indicated by *) were
shown in non-treated samples. The arrow indicates deglycosylated PLD4 (~45 kDa) by
PNGase F (peptide-N-glycosidase F) treatment. The arrowhead indicates an unrelated
protein product detected by the anti-PLD4 antibody. Note that this pritein was also
detected in PLD4-deficient spleen samples while PLD4 bands with or without sugars

were completely eliminated.
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Fig. 6 The anatomy of the cerebellum

Schematic diagrams of overview of brain (A), median sagittal section of cerebellum (B),

and three layers of cerebellar cortex (C) were depicted.
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1-1 AEH

FRICHR L T 22w il fe s, BMREERB L0y 7 ~-7 v KU v
T N O EEH L. SRR ORI MK (MilliQ /K ; Millipore)
W,

1-2 ER&Y

RAMEFRFH @ C57BL/6N ~ U A%, HARAZ A= L —noiEALTE. S5
ETER LA PLD4 KI w0 X 20 [ZH L TRHREICE VAT TCfFOGEETH
% polymerase chain reaction (PCR) £ C@2Wr L, AR (WT) B X UOFEEE K
(Ho, PLD4 R#E~U X)) ZERBRIZHEHAL, ~T0#AK (He) vV XAan=
—DOHEFRFICH W

DNA Ofitiix, 7 A h VIEMIEIC L0 T o7z, AERREE (% 4 B~ v X
DO, 2mm FEE) |2 50 mM NaOH % 180 ul MM EA L, 95C, 10 min A > %
2_— kL7, D%, 1 M Tris-HCI (pH 8.0) % 20 ul JIx A& L, 12000 rpm,
5min T/ LAEEL 72 (MX-200, TOMY). LEiE% DNA #itHig & L THY, Fid
D% T PCR %17 7=

<2774 ~—>

PLD4-upstream: 5'-TGGAAGCATTCTAGGGCTGTGAA-3’
tetO-upstream: 5>~ AGCAGAGCTCGTTTAGTGAACCGT-3’
PLD4-downstream: 5°~-AAGTGACCGAGGCAGCTTCAGAAA-3’
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<PCR 1>

KOD 2xPCR buffer 7.5 ul r .
95°C 2 min
dNTP 3 ul
) (upst ) 0.3 Ul 98°C 10 sec
rimer up (upstream .
P ) b up H 7 60°C 30 sec 30 cycle
primer low (downstream) 0.3 ul .
L 68°C 90 sec
MilliQ 2.6 ul
4°C oo
KOD Fxneo (TOYOBO) 0.3 ul =
DNA 1 pl
Al 15 pl

PCR % OIRHRIL, 1/5 B D 6 Xloading buffer Z ML 1.2% 7 H 1 — A7 L|Z
T 135V, 30 M EXIKE 21T\ (i-MyRun.NC, T AE « XA F), =F P T AT
0~ A RYeth 217> 7. B4R TiX PLD4-upstream & PLD4-downstream @ 7 7
A ~—7/5 1.5-kbp |Z,PLD4 K~ 7 A Tl tetO-upstream & PLD4-downstream
DT T4 ~—D005 850-bp IZPCREMELTAY RRBHEIND.

AKEBRTHEMNINTEERHWIT, KEERRFTEREYEAN O specific
pathogen free (SPF) XIkiZk W CTIEE (23%£1°C), 1EHIE (55£5%), 12 K¢ )5 #
DOEFRMA T CEEIE KZAHRICHEIATHETEINTL. BIWOI Y FHWIZE L T,
WHERRFEHYERARBICE SO TITh 7o RFEBREH W 13 /KR KRR
I EESTHEEIN, PENPLORRBEZ T LHBICER I N (P12-23,
P13-31, P14-09, P15-26, P15-27).

1-3 B FH# 2 EBR

AHFZE R T R A KW 2 DNA ERLEZESETHEESIN, ZEMND
DA ZZ T 7= (Y2012-12, Y2013-9, Y2014-23, Y2015-23). A FEBRIEL [ 2 K
KT 2 DNA EBRZ2EHHAR ) ([2H - TiThhu 7.

1-4 FEREE

A% 0,3,5,7TBXO10HHE (P5,7, BLOPIOD~Y T AEYTF LT —T )b
WX > T ARREEL, MENV. CHRELEZZICEHEB L. AL0EZUEL, iRz
Mk L72 266 OftE LRIV ELENICHI AL, REBEN 0.1 %7225 X9
WA~ v (B 2z -EE oK (KEE) 2(KE L F &
WML, MEEENIKR L., Bl&EHE, KECTHALEKRE 2 &0 4%
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paraformaldehyde (PFA)/0.1 M phosphate buffer (PB) (pH 7.4) TH#WMBEE L, M%Z
i L7z, B S MM AR 2 4% PFA/PB T 24 W[ R EE & L 7-.

1-5 NS 74 9 RDOER

1-4 TIRIEBTE LMY 7% Tissue-Tek VIP (V27 F 77 A4 T v 7P
YN EHWAT T el LTz
FRT, I/ b—2& (KMAEKETH¥) CEI 6um ZHBEAZED L. 204
% MAS 22— A7 A4 RH T A DHWIEL FRONTIER 22— h 27 4 RH T A
(BB T3¥) [2o®,37C I E L MEE Kt T¥) ©1 g
o, MBI ER L.

1-6 SREMMRIILFERLEA

1-5 TERLERNZ 70O E2=RET, A7 7 0 VAL (F L2 15
Sy 3 [\, WV CEKMELE (100% =% 7 —Jv 3 4y 3 [al, 90%, 80%, 70%
T X ) =% 350 1E) ZTo. W THIFEBRELOTZOIZ 0.1 M 7 = VB
RICRIEL, LY THESE®E, Sl L 40 MKEEL, =RITKEL
7=. & ®1%, phosphate buffered saline (PBS; 137 mM NaCl, 81 mM Na,HPO,, 2.68
mM KCI1, 1.47 mM KH,PO,, pH7.4) 12T 5 M #%, 3% Hy0, H T 10 23 X
I EELZZEICLVANREON VAT U F - ELIESYE, PBS TS5 Mk
L 72. % ®%, Blocking ¥ #Z [10% normal donkey serum (Dako), 0.3% TritonX-100,
PBS] T 1 RFMALAH T L LI XV HKDIFRROBRELIET 57200
blocking % 17 > 7. Blocking i THMW L7z —kFiAEZ 4CT—H xS 7.
ZD%, EIWIZCTPBS TS5 M3 23 BIEEHEL, ©4F b kilk%E 30 5
M S its & 4, ABC-kit (Vector Laboratory) ™ ABC &% T 30 sy MJALE L 7-. PBS
T 3 [|E P L7-%, 3,3-diaminobentidine (Dako) *+ H O, KR & F W CTHAMKEE T
THERBZE LR LR A, KBEKTHEFT LI ETCKEEELESERE. 20
%, 70%, 80%, 90%, 95% DT X /) —/LIZ% 1 T, 512 100% =% ) —
AT 1 43R 3 mlE L, BKALEE 24TV, MGK-S (BB T%) 2 VW ThH A
—HTZATEALE., BHLEZREZ 1-11 IR T. BBEE2T VX LE AT (&
Y F BB T L 72 (Axio Imager M1 with AxioCam HRc; Carl Zeiss & %\ X
BZ-X700; ¥ — =T R).
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1-7 Hematoxilin-Eosin (HE)¥: &

1-5 TERLIEANT 70 VU R AR AT 7 4 VB (2L 15 M 3 [EDE
W2, BLAKMEEE (100% =% /7 — /v 3437 3[E, 90%, 80%, 70% T~ &% J —/LIZ4
347 1[E]) #4947\, hematoxylin (Mayer’s hematoxylin solution; Sigma) (Z 10 43 [H]
RBLI%, MAKTI0 SBES L. SHICHMAKEZRmAZ LGNy b TIRHE
¥ L 721, Eosin (1% eosin Y solution; Sigma) (Z 1 R L, ZOHKMAKIZT 1 4
B 2170, BKB L OERML, MGK-S TE AL, BEIET VX ALH AT
P& FBEMEE CHR®E L7 (Axio Imager M1 with AxioCam HRc & % \ X
BZ-X700).

1-8 HKEEI A DIER

1-4 CERLZREBTHOMMZ PBS (2T 5 oM 3 BEHFL, 4CH 10%
sucrose/PBS, 15% sucrose/PBS, 20% sucrose/PBS | — W3 ->i=% L, Tissue-Tek O.C.T.
compound (V27 7 77 A4 0T v 7 U /N) AL, RIA47 A4 ATHESE
7. 7 A4 A4 AHX v b+ (LEICACM 1850; Leica) T 10 um (23 ) L 7= k01 /%
MAS =2— h & 5\ X FRONTIER =2— h L7= AT A KA 7 A TR X7k,
K £ T—40°CTHREFEL .

1-9 HAGEMBEA

HAEY) X PBS T O.C.T. Compound % B % L 7=%, Blocking & [10%
normal goat serum (Dako & % WX F1E#i#K), 0.3% Triton X-100, PBS F721% 10%
normal donkey serum, 0.3 % Triton X-100, PBS] % H =R T 1 BRFRAL B %2 1T o
. T 7y X U JIRTHR L &Ik E 4C T—BILSERZ. 20
#%, PBS TS5 M9 23 RmEHEL, PBS THMRLZ _KHIAK L 0.25 pg/ml @
DAPI (4°, 6-diamidino-2-phenylindole, dihydrochloride) DR & W % K5 Fr I C=E &
T 1 RIS S " 7. PBS THE#H#, VectaShield (VECTOR)E v == F 7 Z H\»
THN=HFZATEHALL., ERALEZRKZ 1-11 25T, BREIEELL—F
—BAUEE CHRZ L= (FV1000D IX81 laser scanning microscope; Olympus).
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1-10 UV VIF UL LEXEGMRE

Pt arginase | HLRIC KV /NI Z REFEROTLHEORYS T 4 7 ary hr— e
L T lysolecithin % 5% ICR v~ U Z A FME OO F 2 HEH L. At ofE
BRI TFTO®EY Th 5.

8 WD ICR v U ATV A XU FIUESHK (83K 24 BHEKT
10 fFICAMLTEBEIREREDZD 10ml/kg (2722 K5 ITEBENE S L CHREEL
72. 1% lysolecithin [L-a-Lysophosphatidylcholine (Sigma)]/Locke’s solution [154 mM
NaCl, 2 mM CaCl;, 5.6 mM KCI/10 mM  4-(2-hydoroxyethyl)-1-piperazethane
sulfonic acid (HEPES) buffer, pH 7.4] % 0.05% Fast Green (Sigma) T & L 72 &K
lpulZz~A 27wy (HAMILTON) % H W E KBS (Carl Zeiss) F T ICR
YUADLESLEMENICKRE L., 0%, UHBOREEZT v T LT 7 (2
=) THEEL, 14 HEIZ 14 LHKROFETHLEMREZME L, 1-8 &R
DHETHRMEOF ZERL 7.
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1-11 ik

MG A THERN L ZREIILTO®Y TH 5. 4y a NI AR

E

— RHUE

rabbit polyclonal anti-ionized calcium-binding adapter molecule 1 (lbal)
antibody (Fn o #i 38)

rat monoclonal anti-myelin basic protein (MBP) antibody (Chemicon)
rabbit polyclonal anti-glial fibrillary acidic protein (GFAP) antibody (DAKO)
rabbit polyclonal anti-calbindin D-28K antibody (Chemicon)

rat monoclonal anti-cluster of differentiation 68 (CD68) antibody (Abcam)
goat polyclonal anti-arginase 1 antibody (Santa Cruz Biotechnology)
rabbit polyclonal anti-NG2 proteoglycan antibody (Chemicon)

rabbit polyclonal anti-Olig2 antibody (IBL)

mouse monoclonal anti-adenomatous polyposis coli (APC/CC1) antibody
(Merck Millipore)

B/ € 71K

Biotin-SP-conjugated donkey anti-mouse IgG antibody (Jackson)
Alexa Fluor 488 or 594 goat anti-rabbit 1gG antibody (Invitrogen)
Alexa Fluor 488 rat anti-rabbit 1gG antibody (Invitrogen)

Alexa Fluor 488 donkey anti-rabbit 1gG antibody (Invitrogen)
Alexa Fluor 594 donkey anti-goat 1gG antibody (Invitrogen)
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1-12  TIbal [ M0 e BE B %€ 5 16

B RN Y 7 b (Image J) Z AV, Ibal G 7 F VR EZHIE L. BN
FTVICHEETIECOBEMBEO Y 7P vBEs LMo E#Ms2@ED Lo
2 v ML (F), PlotProfile I/ RSNk KIEZMABICHIT 2R E L.

‘::--—---—-T—--
-EE
P

1-13 CD68 5 Al i i B Il & 5 Ik

1-1-12 L R D 7L TIT - 7=
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1-14 GFAP [BEGEE R E ik

Image J Z VW, GFAP MG O E 2 Jl & 5 5 72 o (L5 N O By M Al a2
H£FED5HEHEE (%) & DAPI 46 (F) 2 b LICREL (T), ZOimE &
TEE P ORI E AR E L., MEAZ®METHY, BMAEHE (1 um®) 720 O
W & GFAP wEsRE & L 7-.

NI EE N GFAP 5 1k
(B fER 2 R ET D

HEOMBRANOME L ERZNET 5.

1-15 Olig2 B& M & B & F ik

BB NO/NKGERH AE O Olig2 B MM %k 2 53 L, DAPI BG4l g
Bioxt+rE8E52HH L.

1-16 AT RX— FOFH

At 7T HHOBFARME PLD4 R~V AZ Y =T )b —T )L Lo THRAMK
e LWrEdte, Mz L, 2200/ MorzRBRLE. DNINEELZY 9 £
& DKM L7 Homogenization buffer [0.32 M sucrose, 0.75 pM aprotinin, 1 pM
leupeptin, 1 pM pepstatin A, 0.4 pM phenylmethylsulfonyl fluoride, 1 mM
dithiothreitol (DTT)] # Mz, Ay X —WMF 7 ma o — T 7 AFKET ST A% —
(Digital Homogenizer, luchi) Z W TKH FTHREY ST A XA L. D%, HEAH
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w0 Ay BERE (MX-200, TOMY) (2 Ti.L 4B (1000 Xg, 10 min, 4°C) L, %R
Wi ElEESREYR—RFE L., GO MEEAT Y X — MiX bovine serum
albumin (BSA) % Jt# L L7 BCA £ (PIERCE HH5WNEI X W I/ F) TH
NI BREZEELZRIZHEL, —80C I THREFLE.

1-17 Western blot ¥

1-17-1 SDS-PAGE

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) %,
Laemmli ® FIEICHEL, 12% NIV T 7 VAT I RpBEsrve 4% RV 727 U v
TIFNRMEIVEHAN T, T TN D T VO Z Table 1 (ZRT. T
AR LT 12% RV 77V ANT I RTFVEERES VI Yy PO TimMNE 5.5 cm
EFTHEWE., 20k, Kfamr7 ¥ /7 —VvisiRxzEREL, 77V E2ES I E .
STEEZVNEE o Ttk KT X — L EBREL MIilliQ K ToEES v A
P Lo, wic, LT 4% KU T 7 V7 I RIRMS VIEIR % 5Bt v o b
WCHEE, 792 F v 7 a— LA LTCEASIEL. HERKER SRR T2 UL
7TIRKFNVEI =TT 47 3 (BIO-RAD) IZt& v b L, k82
Electrophoresis buffer (25 mM Tris-base, 192 mM glycine, 0.1% SDS) Z 7z L 7-.

BN BRI, % & @ SDS sample buffer [0.5 M Tris-HCI1, pH 6.0, 20%
glycerol, 4% SDS, 0.2 M DTT, bromophenol blue (BPB)] % /il x T L 7=1t%, 30
DMEE CHE L, ¥ /X7E% SDS {b L7-. Electrophoresis buffer T¥ei§ L
RV 727 IAT I RSO T =il SDS fbh v 7 vz oE, 200V OEEE
T (PowerStation 1000XP, 7 k—) TEKKBZITV, X XTI H %3 LTZ.

20



Table.1 Recipes for polyacrylamide gels for SDS-PAGE

Separating gel 12.0%
4 x Tris-HCI, pH8.8 1.5 ml
30% acrylamide/

0.8% bisacrylamide mixture 2.4 mi
10% SDS 0.06 ml
MilliQ 7k 2.04 ml
TEMED 0.004 ml
10% APS 0.02 ml
Stacking gel 4.0%
4 x Tris-HCI, pH6.8 0.9 ml
30% acrylamide/

0.8% bisacrylamide mixture 0.48 mi
10% SDS 0.036 ml
MilliQ 7K 2.16 ml
TEMED 0.0036 ml
10% APS 0.018 ml

APS: ammonium persulfate
TEMED: N,-N,-N’,-N’-tetramethylethylendiamine

1-17-2 &%

1-17-1 TEKIKBNE T LI, A% ) — L THIKILLE L 72 polyvinylidine
difluoride (PVDF) & (9 X 6 cm) (Amersham GE Healthcare & % \» % Merck
Millipore), A& (10X 7 ¢cm) (Whatman 3M) 4 £, 7 7 A /X—,3 v K 2 # % Transfer
buffer (25 mM Tris-base, 192 mM glycine, 10% methanol) 1 T¥ffb L 7-. & D%,
AT AWNE T A RN=y R, Sk 2K, 7, PVDF B, Sk 2, 77
AN=RNy FOFIZERIBDALZRVWE ) ICERGDLE, VAL E =Ty I
e 2 iA /072, Transfer buffer Tii7= L7z I =FF7 A7 v v Lk (BIO-RAD)
Wty &ty b L, Transfer buffer Z/ %, 30V OEETE T, 4C, 16 KFfH
DG %#AT o 7=,
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1-17-3 BEBELERREEBECIDZZ 7Bk H

1-17-2 TH X7 ENEE Sz PVDF &% 0.1% Tween 20/Tris-buffered
saline (T-TBS) (0.1% Tween 20, 150 mM NaCl, 20 mM Tris-HCI1, pH 7.5) T¥#H L 7=
%, Blocking ### (0.3% skim milk (Becton Dickinson), T-TBS) HIZ CT=iE T 1
BEEIALER U 7. & D%, Blocking I8 CTH IR L7~ — &Pk & PVDF EE =REIC
T 60 RIS SH. —RPLEKIEH%, PVDF €% T-TBS T 5 4y 3 A%
L7z, B F XX —BHE#R kiK% T-TBS THMR L, kit D PVDF
BElZoHE, BIRIZT 60K E%, T-TBS TSR 3IE®EELL. £0
%, PVDF J&|Z ECL {A# (Amersham, GE Healthcare) % 1 cm? H 72V 0.05ml @
HT1 M KIGESE, VI ) A A=Y T F 7 4% LAS-3000 (& L7 4 V4 %
HWTHN 7P e L. Bt 0T iX ImageGauge Ver. 4.23 [T TIT > 72
MBP BIETI1X 1 DOWHEEMNLRBINRW AT T4 TICEOVRRDL S FED
HUNRTBELERDLDIENMONT WD, EHER 4 KON K (14, 17, 18.5, 21
kDa) OEEZHEL, TOEFFE2HEH L. WIKME control & L T B-actin %
WTERMILLE.

Western blot M CHEA L7ZHEIIU TO®@Y THDH. Iy aWIZIEHFREERE
R

— RHUE
rat monoclonal anti-MBP antibody (CHEMICON) (1:4000)
rabbit polyclonal anti-B-actin antibody (R e i 3K (1:2000)
S/ € 7NN

HRP-conjugated goat anti-rabbit IgG antibody (Jackson Immuno Research) (1:10000)
HRP-conjugated goat anti-rat IgG antibody (Jackson Immuno Research) (1:10000)

1-18  HEEHFRARMT

MEr PR E LT, FREICEV MO —MHE2HREL, EoHWMOEH 1T
Student @ t fRE %, R&E 7 B DY A 121 Aspin-Welch @ ¢t iR E & £ i L 7=. 72 8,
AEABREITMA THEML, p<0.0l ZHEIFHICAETHL LB L. ok
HEMB TN G EHE EEHEFRZE (standard error of the mean ; SEM) Tix L
7.
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1-19 7 7Y YV U EF L0 ER

1-2 TzlrL7ic~v vy 2D 55, BAME PLD4 R~ 7 XA % 8§8~10 i s £ Tl
HOMECEHE L., T0%, 77V Y RELSHEHM, BHEREIEL

7 7Y ) (bis-cyclohexanone-oxaldihydrazone; Sigma-Aldrich) X&)% fid & H
O MF ikt (& V= ZVEERET¥) 120.2% (ww) DGR TREARELEZLD
AL, RO~ 2. @H O CE2(BHAZ L7T) #EBILEH7-.

1-20 FluoroMyelin &

1-8 CTERI L 7= Y A iX, PBS HC O.C.T. Compound ZFREL %, 0.3%
TX-PBS 12T 5 ZyMiE L, 0.3% TX-PBS T 1/200 (Z# R L 7= FluoroMyelin Green
dye (Molecular Probes) Z =i T 30w )S s ¥ /2. £D#%, 0.3% TX-PBS (25
IR L, PBS TS5 33> 3MmIPEH L, VectaShield (VECTOR) &~ == F%7
EHWTH A=A T ATEHEHALRL., EEIFHES L - —BHEE THRE L
(FV1000D IX81 laser scanning microscope; Olympus).
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E2H MR
2-1 PLD4 RE~D RIZBIT B HEEH /DB
2-1-1 PLD4 RE~-TVRICBITHREZHOMKEE

ZHAETO RT-PCR R EDOMEHTICL Y, v~ U A/NED PLD4 #Eix T+ 53BL L
NNVFE% O0OHE (PO) B ERH LD, £% 7HHE (P7) THRAKERD, O
BB LTV ZERRENTWD (Fig.3). ZoRHoE AR E L O PLD4 XK
H~TU 2 OMOWIBHIKE, RKEIBLOCEEREOAR EoEWVWEIBZIN
RISl 2T, ZTORFMOMAHBENIBOMEERRENTBET 5720, HE B
BiEE A WCT PT OMEMHT L7 (Fig. 7). BRREE T IEFIZE WM & E
FRLEWAMTEEZEZERREBIOBEN RS20, AWM (Fig. 7A) &
PLD4 X4~ U A (Fig. 7B) THIE T oM %z, HICIEHR 2L OERZT Tix—
gL enTERY. 22T, RRBmOIEF NS OMNET, MEOEE %
IR ELBIE T2 LIl TO/ME, AR & PLD4 RE~v T A TIX
Ak & L COBERNREVEIRO N RN, S HIT/MMIZEL T, —#4%a
ZYLRL, EHMELZBE LA, SNEKE ) ST v filaiE (v) o
MEICHHAMB X OPLDY R~V AR TOERE TR G o7 (Fig. 7A°,
B), 26D &b HE A TEILEIN MMM OEIERL X OVNKEEIE I
BT, PLD4 REIZX 2L NREENNEL LITBEBNZ EN RSN,
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Fig. 7 Gross brain structures in PLD4-deficient mice at P7.

Comparison of gross brain structures observed in wild type (WT; A) and
PLD4-deficient mice (Ho; B) at P7. Paraffin sections were stained with hematoxylin
and eosin. No significant differences in gross brain anatomy were observed. High
magnification images of cerebellar cortex (black squares) are shown in the right
panels (A’, B’). No significant differences in external granular layer (#) and Purkinje
cell layer (*) were observed. Scale bars in B and in the higher magnification image at

right represent 500 pum and 100 um, respectively.
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2-1-2  HEH D PLD4 RE~TVR/IHRBEICRET HIEMEL

2ou )T OB

HE 3R ofiE s kT 2 13BN TV DR, 0O —J THIERR] O
B BT H LN TERW., 22T, PLD4 REBEICL 2 ELEEOMIE~
— =K T AP E W T RS A2 D TR Lo RS/ IR
FIZBWTPLDY OFBHLNANERICEFT2P5 BLUOPT O/IHKIZHOWNT
fig A L 7= .

7, PLD4 DRI B T AHI 20 7 V7 288RT 5720, /N
R &P Ibal FiAZ VW TREREAL, I 77 VT NEBT HIEBAE & /NE
U EIC BT D Ibal BEI 7 v 7V 72 BELE. TOME, PS OBTAE
TITEB AR H 50T PLD4 KRB~ T ZDOWFTRICE W TS Ibal Y
<, EHALIREZRT T ARA RIROI 7 a7 0V 7T REHEBE I T (Fig. 8A,
C). /NEESMTIL, AT Lk L THEMBEE I V2N T AR A4 Rk
DI a7 )T RBIR I (Fig. 8B,D). —J, P7T OEHEE T Ibal 5k
Mg DOFRER L O Tbal P@MENS, PS5 &b L CH AR X O PLD4 K4H
~ AR I T 7Y TOERLARNANRKTL TV . RICHARDOI 7 a7
V7O TFTOEASVAKREL 25 NE ST (Fig. 9A, C). /NI E T,
PS5 L TWFhod~T ATYH Ibal HMEMRE 2SI L TWwWi (Fig. 9B, D).

P5 BLO P7T OFEHMAE CHLEIND Ibal BT 7T ABEOEWE EE
I T 270, Y-V ICRONLIETOEEMBO /A OwENT 7
FBEE R GRICT ey L, TORKMEEEMBOBEE L L CHIELZ
(FEBM B L O HE 1-1-12 22 8). SEEICBIT 2805 720 OE O HE
FREELC, AR L PLD4 RE~ TV ATHRELEZ., TOMKE, PSBIOPT &
Lo AR XY PLD4 R~ AT Ibal By 7 AMERNFEICE» > -
(Fig. 10A, B).

UEDZEND, PLD4 PRXBELIERETHLI 72707 U TET ARA RRICE
IET 252 ERWohol-. &5, PT ® PLD4 R~ T ADOEEAE Tk AR
EIFELRY, I VT ORBRMRIEEADRFHREL DL R RIS,
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Ibal/DAPI

Fig. 8 Ibal-positive microglial activation in the cerebella of PLD4-deficient mice
at PS.

Frozen sections of deep white matter (A, C) or folial white matter (B, D) of the
cerebella obtained from wild type (A, B) and PLD4-deficient (C, D) mice were
immunostained using an anti-Ibal antibody. A representative Ibal-positive cell
indicated by the white square in each panel is shown at higher magnification in the
lower right corners. Note that the microglia at P5 are the rounded activated type. Scale

bars represent 100 pm (D) or 10 pum (in the white square of D).
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Ibal/DAPI

Fig. 9 Ibal-positive microglial activation in the cerebella of PLD4-deficient mice
at P7.

Frozen sections of deep white matter (A, C) or folial white matter (B, D) of the
cerebella obtained from wild type (A, B) and PLD4-deficient (C, D) mice were
immunostained using an anti-Ibal antibody. A representative Ibal-positive cell
indicated by the white square in each panel is shown at higher magnification in the
lower right corners. Note that the microglia at P7 are still the rounded activated type.

Scale bars represent 100 pm (D) or 10 pm (in the white square of D).
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Fig. 10 Quantitative intensity analysis of Ibal-positive microglia in the deep white

matter.

Intensities of Ibal immunoreactivity in individual cells (see Materials and Methods
1-1-12) were measured in the deep cerebellar white matter at P5 (A) and P7 (B).
Graphs indicate the mean £SEM. Data were obtained from: 92 WT cells and 98 Ho
cells at P5, and 125 WT cells and 130 Ho cells at P7 (n: number of mice). Statistical

analysis was performed using a Student ¢ test. **P<0.01.
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2-1-3 HEH O PLD4 RE~TVR/IHMABIZRET HESEL

a7 )7 ORHRE

Ibal GBI 7 a7 V7 nflE 220 CiEHibsns &, MI 27202707 hH
HWNWIE M2 27 UT ERRIEND 2 ODHX A TITHTENDE T ERMBLILT
WD ML AT OI a7 T IEREFEEZNL CHBESEEOB %255
% A 7 CT¥H VY, inducible nitric oxide synthase (iNOS), tumor necrosis factor-a
(TNFa), & % X interleukin-18 (IL-1B) 72 E D RIEMEDO Y A NI A4 DFESE - 5
WX CD68,CD32 5\ X CD86 72 E D RIELRES T o MinRm~ — I — % ¥
HE¥Es., —FH, M2 A4 7037070 7EREEFERICEET L2247 ThH
D, IL-4,1L-10 & % \ X arginase 1 7¢ & O RKIE MGl MER 1 &2 pEA 5 25 373839,

PLD4 ZRE L7/ MBEBEICHFET DEMELI 2707V TOT7 =) A4 TR
Bp AR L B 5N E ) M EHAD O, Pl Ibal fiff e M1 ~— D —ThH 5 CD68
WX T o202zl —ERAE2{To72. Fig.7 TR LK ST, Ibal
P 7 ma 70 7 NEL RS- P5 O/MERMAE R W, ToE, EHAE
IZRTET 52 ToIbal BEIEAI (FR) 1Z CD68 M (%) T& » 7= (Fig. 11A, B).
— 77, CD68 BtE s 7 Usg 1T B AR b b L C PLD4 XK~ 7 X TIEHE -
7. £ Z T CD68 B/ OBEE 2 1-12 L RO HFETHIE LR, 4w
IZH_TPLD4 RE~ U ATIEHAEICHE D L TV (Fig. 11C). /NEELLE TH I
WMEE LRI CD68 Bty 7 F LB LB AR L X T PLD4 R#E~ 7V AT
XA EFEICH A LTz (Fig. 12A, B, C). ZO X5 ICH AR~ T 2D REEBED
A EICHEET DI 70270 71X CD68 ORANEH WVDIZX L T, PLD4 K
~YUADOIzZ YT Tl CD68 ODFRBLENHDVLTNDLZEAHALNERS
7.

M2 A4 777 )7 O~—K3—Td 5 arginase 1 IZX T DHMEEZH VW, it
Ibal Pk OGEME —EYOE PS5 O/NMTITo-. R¥T 473 ba—
NELT, 1% VY Ly FUrEFBIZIVBEENFEINTZLEMEOZ2H T,
ZTORER, RK¥YsT 47 ar bhbuo—)LTiE Ibal BBt () O~ 87 57— T
arginase 1 BE > 7 v OR) BmiEahiz. L2 Lo, BAMS X O PLD4
REF~TAELLO/NHKD Iba 1 FBHEI 7027 U7 () IZBWTH arginase 1
Bty 7 (R) IIBE SN o (Fig. 12). SO0, F AR O /NN
WA N ERS O HEICRET AT ARA RREEALI 720 7 ) 71,
arginase 1 Z BB T 2 MMHyle M2 X A4 77 a7 U7 L IXRB2D I ENRRE
SN,

UEoZ o, BEBREO/NRICHEET DT ARA FRIEHELLI 72 7Y

J
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Fig. 11 CD68 immunoreactivity of Ibal-positive microglia in cerebellar deep white
matter at PS.

The deep white matter of P5 cerebellum obtained from WT (A) or PLD4-deficient (B)
mice was double-immunostained by anti-Ibal (red) and anti-CD68 (green) antibodies.
Higher magnification images of representative Ibal/CD68" cells were from the white
squrares in A, B. Scale bars indicate 100 pm (B) or 10 pm (B’’). All Ibal-positive
cells were also positive for CD68, however, the staining intensity of CD68 (see
Materials and Methods 1-1-13) in PLD4-deficient cells was significantly lower than
that in wild-type cells (C). Data were obtained from: 78 WT cells and 65 Ho cells in
the deep white matter (n: number of mice). Graphs indicate mean = SEM. Statistical

analysis was performed using a Student ¢ test. **P<0.01.
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Fig. 12 CD68 immunoreactivity of Ibal-positive microglia in folial white matter at
Ps.

The folial white matter of P5 cerebellum obtained from WT (A) or PLD4-deficient (B)
mice was double-immunostained by anti-Ibal (red) and anti-CD68 (green) antibodies.
Higher magnification images of representative Ibal” CD68" cells were from the white
squrares in A, B. Scale bars indicate 100 pm (B) or 10 pm (B’’). All Ibal-positive
cells were also positive for CD68, however, the staining intensity of CD68 (see
Materials and Methods) in PLD4-deficient cells was significantly lower than in
wild-type cells (C). Data were obtained from: 25 WT cells and 32 Ho cells in the folial
white matter (n: number of mice). Graphs indicate mean = SEM. Statistical analysis

was performed using a Student ¢ test. **P<0.01.
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Fig. 13 Arginase 1 immunoreactivity of Ibal-positive microglia in cerebellar white

matter at P5.

The deep white matter (A, C) and folial white matter (B, D) of P5 cerebellum obtained
from WT (A, B) or PLD4-deficient (C, D) mice were double-immunostained by
anti-Ibal (green) and anti-arginase 1 (red) antibodies. No Ibal-positive microglia
showed arginase 1 immunoreactivity in either genotype at P5. The positive control
image of the section from the demyelinated lesion of lysolecithin-injected sciatic
nerve was demonstrated (E). Representative arginase 1-positive cells indicated by the
white square is shown at higher magnification in the lower right corner in (E). Scale

bars indicate 50 um (D, E) or 10 pm (in the white squares of E).
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2-1-4 FHEH D PLD4 RE~TR/JBOIVF Uil LT

T A hat A kOB

FEZERBEOWILEE M OMIZE N T, —BEICHIATEELI 77U 7,
BREEHICEVEECTA NV RAZEILEAER= 2 — BV ORESAER
PIRENR OM D IAALEEZITH 2 LT, EFRMBREROEKICELGTDHEEZD
NTWL. ZOKHIZIETA a4 FBXIXOKRFNR 7Y 7 EE#EGICHAEER
THZETHMODIEFZRBEICEHEL WS EEZLATWS O —F, I 71
U T OEBHEIL PLD4 FFERH 7 siRNA I X > THIH SN D Z ENPTSnE A
STWVWDH2D,. 26Dz &b, PLD4 ODXRENRI 7 a7 ) 7TOAEABREE2E(LS
B, MOREICEETIAREENEZEZLOND. T CTEBESCHEES, KMEY
HLHEMAHEDO/PRIZBNT, RE»PLOM—DOHNZTHDLIREO S VX =
MR DR EIZRHT D PLD4 REBOEBEBIZOWTHRALE., v fildoR
BE) 22 ZEAL 2R R D70, /MM TIE 7 A F iR LTV D L
U LSRG X X7 E calbindin (T AR E W THREREEZIT L. £ D
fEd, PS5 & P7T WD PLD4 RE~ U A/NHIZHB W T B AR & FEERIC S
F A OM R ITEY L C L o MlE &2 Rk L (Fig. 14A-D), /v
BRZEEOMBOMLFIZHL ZBR TR L2277 (Fig. 14A°-D°).

INIE TR RIS IR 7 ) TR AR =T~ 7 ) 7 iemie+ 5. 7V 7 MEEmRRE 2 v
/X7 & (glial fibrillary acidic protein ; GFAP) (7 A hmH A hO~—F—L L
THWHNDED, IMNETIEIARNR—= o 7 TIZHREL TS, £7, PS5 B&
O PT DT AruaH¥ A BIONR=S <2707 DIREERH GFAP Hiikz A
oI K VR RGOSR, PS L PT O/ E BITHEE A
BEOT7 A buHd A oY@ BlcB AR L PLD4 KE~ T A ORM TEWITHES
N7z - 7= (Fig. 15A-D). MMz T, P7 THAF i@ty FE@icmmnoT
MOTeNN =0~ 7 )7 ORARBRHMEGEOMBEG IS EZRITBEDO LN -
7= (Fig. 15B, D).

I, ZOREHOT7T A hat A MIIEHEIKREIZH Y, GFAP I L <L) |
AT 52 Emb, BEABEICHEIT D GFAP B4 o 8 O E OE W IZ O W Tl
N7z 1-14 TRT & 9T GFAP BMEsE I & fE 54 IR o0 s e R EE oo i R & I E L
BAEMEY7-Y (1pm?) OMEZHH L. TORE, PS L0 P7T TOME
DHERFROONTZE DO, PLD4 R~ TV A LEHARMOBENTRD SN
7= (Fig. 16).

LEDORERENS, PLD4 RBICEVIEMILI 20 7 0V 707 = ) 24 7B
LTH N Foraofildae7 A bt A MIBEEELLENWZ ENRBINTZ.
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Fig. 14 Purkinje cells in the cerebella of PLD4-deficient mice.

Representative calbindin-positive Purkinje cells in wild type (WT; A, B) and
PLD4-deficient (Ho; C, D) cerebella at P5 (A, C) and P7 (B, D) are exhibited. A’ to D’
are higher magnification images of the white squares in A to D. No apparent
differences were observed between wild type and PLD4-deficient mice at both ages.
Scale bars indicate 100 um (D) or 20 pm (D).
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Fig. 15 Astrocytes in the cerebella of PLD4-deficient mice.

Representative GFAP-immunoreactive images of astrocytes in the deep white matter of
wild type (A, B) and PLD4-deficient (C, D) cerebella at P5 (A, C) and P7 (B, D) are
exhibited. The sharp (#) in D represents astrocyte signal in the white matter. The
asterisk in D represents Bergmann glia signals. Higher magnification images of the
white squares are shown in the lower right corners. Scale bars indicate 100 um (D), or

20 pm (in the white squares of D).
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Fig. 16 Quantitative intensity analysis of GFAP-positive area in the deep white

matter.

Intensities of GFAP immunoreactivity in the deep cerebella white matter of P5 (A) and
P7 (B) cerebella obtained from wild type (WT) and PLD4-deficent (Ho) mice were
quantified (see Materials and Methods 1-14). GFAP' intensities are represented as
intensity per unit area (1 pm?). Graphs in A and B indicate the mean = SEM.
Statistical analyses with Student ¢ tests showed no significant difference between the

two genotypes at P5 (A) and P7 (B).
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2-1-5 A% 10HE O PLD4 RE~TVR/IWICBITBIIur)Y

T, AUV HMBEBIOT X v A NOEN

IO I 7w 7 U 7B TS PLD4 BB L L, P7T DBEABMICKTT 5
(Fig.3). 22 CTA% 10 HE (P10) O/MNRIZB T HI 70707, TA oA
FBEIOF VX o ificxt9 % PLD4 KB D% % H Ibal HLIE, i GFAP i
K ¥ L UL calbindin HiikZ W RE MM EAICE VT, 2D %, PLD4
RIEFE~T ACEBWTHEAM L REIC/PKETS XN ELEKICHFET S I
a7 VT DELIETIT A REATICENLLTEY, PT ECIBEBINTY
AR L OEBEFIREO N> 7= (Fig. 17A-D). F7-T7 A bWt A MBI 5D
GFAP [ 1MEs® EE o /4> (Fig. 17E, E’, F, F’) ¥ X O calbindin (5 70 &% o = il o
DO BHRZER O S O BIR (Fig. 17G-1) I2>WT%, PLD4 K~ 7 % & B4
OB NIRRT,
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Fig. 17 Characteristics of microglia, Purkinje cells, and astrocytes in the cerebella
of PLD4-deficient mice at P10.

Representative images of Ibal-positive microglia in wild type (WT; A, B) and
PLD4-deficient (Ho; C, D) cerebella at P10 were exhibited. Higher magnification of a
representative Ibal-positive microglia is shown in the lower right corner. At P10
process-bearing ramified microglia were found in both types of mice. Purkinje cells in
WT (E) and Ho (F) cerebella at P10 were immunostained by anti-calbindin antibody (E,
F). E’ and F’ are higher magnification images of the white squares in E and F. GFAP
immunoreactive astrocytes in the deep white matter (G, 1) and folial white matter (H,
J) of WT and Ho mice were immunostained by anti-GFAP antibody.
Higher-magnification images of white squares (G, H, I, J) were indicated in the lower
right corners. No apparent differences of calbindin and GFAP positive staining were
observed between two genotypes. Scale bars indicate 100 um (D, F, J) or 10 pm (in the
white squares of D) or 20 um (F’, in the white squares of J).
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2-1-6 BEH~UVR/NIPIZBFAI Il Y) ToEHLE I

U R & D BEE M D RS

HEWBEO/NMTIE, —BEOEMEEI 7 e 7 ) THAHET LI ERMbNT
WA, ZOFEMAI 7 7 ) 7ICBWTPLDY OFEB LN EH L Twva 2,
FEFRO/NMIZIIT D PLD4 @ in situ hybridization fi#4T T, PLD4 [5kfliE 1X
PO TII/NIMIIEA. TR S Nth o, P3 U TIX/NEDOREL L HLICAENT
AR S OB IN AR S5 2. PLD4 BHEMMEIL, PS THR A IC/NENEO
HE~BELZ2NRLEML, PT TRALZR->77-%, PIO TIiX PLD4 B a2
BE»SEREOEMNMBE CBRE+T5. =0 —J5 T, P21 TIiL PLD4 B
BRI D 2D 20X/ ERFETIX PLDY BEI 7 v 7Y 7R EIZ
HEIZRETHA Z EnD I YU UEREMOLIPOBERS D EHR I, 72,
AT ZEIZ LD PLD4 RE~ UV ADOMPEIIBITL2I Y VERKOEBNLLNRIN
TWbZ b, PLD4 BT LHEMAI 70707 &I UEROHE
HIZHEB L.

EFT,2OMBEERHONCT LI, EHII 7 a7 U T OE|E L Ibal FiT
Ik