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HREE T EEE CHRERE L, Bl bAETIC o, I HIZEOkEE
BIXEIMO—ig% 7= £ %, 2007 FFORESTHARIZIE, 164 T AORREREER,
18 T ADKRIAF NN D Z & HEE S 41, 2030 I ITHRFEEE 1L 200 7 AU
ETHMT S L VnbhTnD, BENREEND S, ERE, I irBE b
Rl LR GO TREEED 2 2 NI 8 kM &b, HEREEOBRITEE
DAEFEMICERT 5 LB b5 (HARIRFHESWIFEEEERE 2006~2008),

A AT I T 2 Fd B 0 JRIRR B,

RO pNEE, BRI NEIETE . MANE e SR
% . %Wﬁﬁ%ﬁ
TR R EHE AR ORI IR OB
[Ealre=1a _
% R 3% < 72> TW% (Fig. 1), 1 CH Mk
18% =1 =
ey ... f4 I HBEZS M OB B MEE 1L, HL
i 25

B ST R385 L, B O —3# N KI5 9%
BT, IHEEIMERNIC S 5,

Fig. 1 Cause of blindness in Japan.
AARICE T 2 HRREEORA L BUR, AIRSEE 118 & 6 5 XV 5

& AT B MERE 1 IRCKIZ B W CRIIRIR O L iz HHTB 0, 20
TEIRIEBAR I CII R E RBERD & D, Ml BEZEMIE X Z O RBIZ K - THHE
EBHILD 2 SOFEFIT/ T T\ D, ZEa A0 B8 BE 2 PEIE 1IN (2 R
BRI AR AR A L, EEAEBOXRBEIIEAEZ L6 THETH
. ZOWBFEOMESE, @b EL HARIZIBWTRBE L WA D2, REZ
OIRFE, TRERIRITAFAE L2V, 3 AN 35 BE 2 MEE 1 05 0 72 37 A= 178 D 3
Iz kv, MRS S NS Z &2 ERRBEE 35, TFE, L—V ki
IR0 SER ) k. P s N ECHESEIR - (vascular endothelial growth factor:
VEGF) FURIZ L DGR BMTOI TV D, BLED X5 gl Tbi s —J7,
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Pt VEGF FEIRIR DR b £ V) Frfge T, 7R & e TLEI>BEHELZLL,
RINC O 2B ENBEITIR 5 Z L0, IR O%RIT, ZEMAIN i B S MEE D
R & SN OMBURFEME D HBL, JERT 2 2 LBME SN TEY (1), RIEM
RAREER D 5, £, Zi L BHMOMA A AERERIH D Z &b,
ERIRIBRPE L W—20DFERK Th 5, 2017 4 3 AIZ. AN LZAErEeiii
(induced Pluripotent Stem: iPS) e Fi Sk DMl .38 - BGHINEIS & 2 ks s BE A
PERE DVEHR 2 A LI ERRRBR R R s S (2). ATBHRIE. B RNl
PREAMIEZ R L Lo b D TH Y | WAV AN S 2 kBt Nl B2
FEOREDORKTH D EHZEZ LN TV HMEARE EEMloBE Y — &8
fE, BT DLk viThbhd, BIEOHZEHFIISATHY, $TIC1A
TR L TR MR R I TV D, £ OBHZT TR MEBHEIC K
HIRFT D BUEED 5N TN D (3, 4), ZHUTLHEM DR IBEEIETH S
EEBEZDBNDHD, < ECMREGE LA EL S D DRT, 3 TICENME
L. bR RZEE SE5 2 LT TE R0, REBRORYBEIZ LY,
TE LT BEOHMIA TR Lok AR LROBEIAIT) Z L1280,
ML 2 PRAET D 2 L DN ATRE & 72 2 7o O R T AT oA A~ — T — DERR
IMETHDEZEZOND, —FH., TORBWOHN AT LT, ML
HKORBOETLMLBETHD EEZBND, BUE, FEAENIIEICI VW TER % 727K
PRI IR DR 1 23 S TR Y . 2D AR & U7 3R O ERARGER
FHSITNWD (5, 6)s LNLZARDE, Hx 23RBS 516D LT,
ZEAET N B PE A PEIE NI IR IR RN R D O DN BUR TH 5,

FRARI LR O XA R ICIT R W], Al E LRV EEA BN TE T
23, 1990 FERNBIRERTH 2 WHREHIENEE 5 Z EAMESN TN D (7,
8). & HIT. 2002 FITIIME MPFEFITIGE LT, M= FHFIC RV THRIER i



AR RS S 7oA RS B S Wb 0 | ARSI i AET 5 Z L AVREE S
72 (9), MBEICIVTIE, 2004 201D T, MEIEFE SR ISR 2S FFAE T %
ZLEEE ST (10), MM & TR D | EEIZ I W TR F RO 2 AR AR 1T
EAERDOENT | EFRICAEL TS 2MREEL IR ICRENTH 5, T,
MEBIZAFET DR E B2 6N TVWDH I 27— U 7Ol bz sz
HTT, WEEERZAETLOIET 77 4 v 228 5 HERF ORI E
TV (11), —75 . WiFLEIZ T 2 NAEMEERAIG 2 R U 72 i AR ok gEl %
BFEEOL 7T NVOEERHRESNTHDHOD, HEVH#EA TR (12,
13), WAEPEERHIRE 2 FH U 72 M iR AR 1, Ml 3R R D & HA CIdsER T & 72
WO BFAERHIFRFTE D L WO RIRNH D, £, IFEMZELEAL TN D
AR CIIMRE AN LW 2 & (14) 72 E0 D, RIZ IPS M) 5
PRI AFFE L7 & LT, BAE L6 OIS & OBERERIE I FREED &
HEZZONDBRICBNTHADZEMORERAY y "BRHDHEFRD, E
2, NTERY 72 EMIAE RO ORI IR S DR 0T W2 LR S
TW5  (15),

NS AE S MR B LIS NN R IE S D MBR b FET D, T TH,
ANIRBRAE T, AN AT o B A LA e ~ D /(b 3B S, IREREA D
INEWTET TR AR KRR, MR - BE TR E ORI 2o TS X
%, ZODJRIK#EE T & LT, Retina And Anterior Neural Fold Homeobox (Rax).
Paired box protein 6 (Pax6), Visual system homeobox 2 (Vsx2). Orthodenticle
homeobox 2 (Otx2) 7 EN[EE S 4TV D  (16-19), FFIZ Pax6e D7 w1 A4 d
FREHHRO—2>TH Y . b HIn & RBHRIZ A, TE O KIE 2780 2 AL IE

IZHB5-3 % (20) (Fig. 3), MEATIAE Tlid, HEEOH THEICH.OHREFICED
% HLLE O KRR, ML O 7 AE 3 S SMERLE O FEMAL 2380 b D (21),



IO ORERBTIIRNBEFIIRESNTND OO, RIETERIEITMHEL SN
TR, MEIRFE B IR b 7 BT R D8 FE S0 | AiTBEHI A Ol E | 731k
A HET, . FEEBLS 2 K I3 IS B 59 2 IR I T D Z &b, i
ISE I D A Ty = X LFFIRIC B 2 P8I IS BISHATRETH 5 L E X
5id (22),
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Rax, Hes1, Hes5, Hesr2 O MullerZUZER l
Vsx2, Neurod4, Ascl1, Bhihb5, Vsx1, Irx5, Bhihb4 - e

Neurod1, Ascl1, Otx2, Nrl,

Nr2e3, Rorb, Pram1, Pias3 | l

Six3, Foxn4, Neurod1, Neurod4, Ptf1a,

Bhihbs, Barhi2, Isi1, Nr4a2, Neurods, | Emsmsm - T

Satb2, Neurod2
Neurod1, Ascl1, Otx2, Rorb, Prdm1, _
Sall3, Pias3, Thrb, Rxrg, Rora, Nr2f1/2
Foxn4, Six3, Neurod4, Ptf1a, Prox1 EEw e
Atoh7, Poudf1/2/3, Isi1, Neurodt IS &

Pax6, Rax, Vsx2, Six3, é
Six6, Sox2, Nr2e1 RPC
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Fig. 2 Retinal morphology and retinal development.
[Bassett and Wallace, Trends Neurosci. 2012, fMEMF=EE# L (FR R DIA) LV 51H]



AL, -
15 SEAT TS

INL: inner nuclear layer, ONL: outer nuclear layer

Fig. 3 Retina in macula with aniridia observed by optical coherence tomography.
(Gregory-Evans et al. Prog Retin Eye Res. 2013 &%)

Tur7 =2 0d 593 TR RTRERSNALOEEATHY, 12 oA
TAIREDOKSTT =T O T [PEOBY K EE L, 17 7/ BRH 5k
LY TFTNRTF REATDH (23), a7 7 —BIZX Mz 15, £ 6kDa
DI T =2V rliebn, ZOEHIZOWTIIRAZENZ N, BRI 7B
MHIRRD L TS T =0 Y, 2006 4EICE OB TR, ATEEMEER
FRHE (frontotemporal lobar dengeration: FTLD) OJRREIZE G325 Z L VR &
A (24). THXAPRER ORA & ORGP0 TIE Shvlz, TF Tk, fZEmENE
RIdh =2 {LIE (amyotrophic lateral sclerosis: ALS) DOES#ERF & LT i <
NTEL, ZNHMZEEIZIE TAR DNA-binding protein 43 (TDP-43) D& 875
HLTW5 (24, 25), D, a7 T == X7V A ~—0K L DO
HoRE S TEY (26), 2006 4D FTLD & ORIH-338 FL STk, #kx 72
HX AR MR & OBIEN I S22 0 2o H HKFTh 5, I RIER KT
SONRHT IR COWE LV | @O IREE TR A EE L 72 % AR
il (adipose-derived stem cell: ASC) Z #5592 Z & 12 X 0 Rk (A EE DI
TEWHETDHZENRELNCENTND (27), KEGHIZ ASC OHEE~D A
EFITRRD bR o722 Evn | ASC 226 D4y WIRFIZ K 5 | ML O£~



L EAERORREMED ORI ST, £ 70 BRI ESEE EIE (adipose-derived
stem cell-conditioned medium: ASC-CM) HZ7' v /7 =2 U UNEFICEHEN
TWAHIZEERHELE 27), 260 tnb, 7urJ=a2 U RO
RBICIRS FELTWDL 2 ENEBEZXON, EBRIIT 07T =2 ) UM RENIC
W< ZEEHOLENILTVD (27). —J5. ASC bW SR+ (Fr 2
=2 ) KD BEREE TV D AREMEIC O W TIEIRIEA LIS TV
W,

AWFTET, 707 T =a U o OMIREEER I & 5 MR EA A~ 0 28 K& U
REE A TN J6 1T 2 AN AiTSIEHE HeL o A oo A~ D AEN T FE i 2 2 T T, N
BEZAMEEE T /L, MR E N r 7T =a ) Y RB~Y T AR E % H
W TR EZIT o 72,



BLE TarT=a ) OMEBERATEEEH
HLHE S

MAIEARAII IR DT DI Z IR T 2/ TH U | S BIRE LRI D,
BAIIC KD ZAR SN TERE . Ry 7T EfmIS N, 2 k==2—
B ROMREIAIIE 2 0 L O R 2 B LD HIERZ 1G5 7o O HRAII AR AT
RTHY | HMIRAZENET 2 ZHE RN BRI 5 LT BRI O PREE O/
AR T HA OB NREE I TN D,

BRI, BR & Rl ~r b 2 RES) (ZrfbiEe) 2 AT oMl TH 5,
M oFERE & Ui, IRMEEAIAE (embryonic stem cell: ES #llfii) < iPS MifE D
ED ARPEERII O 3 FEIEDNE AL TV D, IT4E T, Multi-lineage differentiating
Stress Enduring cell (Muse #ifd) & 782 41 (28), 55 3 DL RetEEdfifu s L CTiE
HZHE0TWD, Bl kR A g o —FfTH v . ES HMifa
R iPS ML R D & S 4L, BAEERRICAH TH D Z ERREB IS TV
% (29), MRRZEMER BT T O MR B 7 /L IZ B W CRBERH ML O A
RREEIE A 2R 2 L BB L M ER TV A DS (29-31), HEEEPNICHIE
BIEHEV AR L TE LT (30), MIEREHILL D 0 S 5 R T2 FEE O
FHCFHGE L TV D AREMERmWE B X bND, L, B3R CE
LEPIFFHICRONTND Z & & SREUEDREMEN & < FIRAAHENA K E
REOMBENH D, £ 2 THMEMRICRD 2@ L LT ASC 2R
SN TS, ASC DERIUTRIRMEN D72 < | REICHRD IKLEIT 5 2 &R T
&2, RMERAIIG Cod 578, ES MAES iPS Ml & 135720 | TEF L EZ Y
WS WEWSIFIE S DD,

LI BV TIPS — EREEFE 22T 2 & Al OMIED E X |
HGH - AR E VW EB X N TE T, L LiIES, MABIcsWTHbT



DR ARSI O BN E 5 Z LRI TS (10, 13, 32, 33), #EfE
T, 2277V TBREEEZITD L, —ERIEHAE~ & B L, AiBEH
fa 2> b~ &b L TS B X 5TV 5D (10, 13), I BIER KT
HIPENT FIFTEEOMEIC LV WEOIEIZ L0 A fEE L 7-1%12 ASC %
Beh3 52 & CHkEEE, RO T2UET 22 L 2HLMIILTWD
(27), F£7=. FFim TR 72X 912, ASC b EIZ/HWMSNDHKFD—>& LT
Tur =2V ERHL 27), 2RO REER 720 TR FA
FEET DAREMDE 2 b,

ABFFETIE, FHAEOBLEN G MR E T T VT 2 B Miiass 2 Lig
(ASC-CM) kU7 urZ=aU  OEHZMRFT LT, ASC-CM & L IZ7r
7 =2 U U EG5%OMIIEIEIC OW T, M~ —h —2 WD 2 & THAE
A EL oD Al e il 2 ) R & B T



52 Hi SEERAE R Ok

2-1 EBREM)

ddY KO C57BL/6-Tg (CAG-EGFP) ¥ v A, HAT A= /)L —EA Stk
(Shizuoka, Japan) XLV iEA L7-, ~ U A ILHB&GK TIZEEEEL (CE-2; CLEA
Japan, Tokyo, Japan) Z MW THEH L7z, T X TO~ U A TR EMRE: 24°C FFA
#ilH: 22 ~ 26°C). i E L 55% (FFAHIFH: 40 ~ 70%), BG4 12 REfE (FREA: 7
AT 8:00 ~ “F1% 8:00) (ZHERF S M-l RAEEFL R FEMMF TR THE L1z, v 7 A
X7 T AT > 78— (245 x 5175 x @S 125cm) = AV, HHEKAK
TICEEEEE (CE-2) IZTHE Lz, EREZITOICHID | I BRI R FEY
fil B - B ERE B T EBOKRRFEZITV, SFl 2% T /e ETHEM LT,
F7o. BEHABRI B OEREITIICHIZD | BRIERKFE AL 42—

TAREROFE, AREZ T ETHEMLL,

2-2 FEERF B

AREBRIZHW Y K OGAEEIT, LToEY Th o,

Recombinant mouse progranulin |¥ R&D systems (Minneapolis, MN, USA), kU
72 (trypsin), ¥k U v A [potassium chloride (KCI)]. /2 (HCI), A7 &
— A (sucurose), /XT KRN LT LT B K (paraformaldehyde), == 7 —F¥
(collagenase) X Wako (Osaka, Japan)., Dulbecco’s modified Eagle’s medium
(DMEM), VU »E& /K57 U 7 2 [sodium dihydrogenphosphate (KH,PO4)]. U >
fe/ks —F b U w7 A« 7K (sodium hydrogenphosphate 12-water), U »i# —7k
FF MY oA KFY (sodium dihydrogenphosphate dehydrate) (% NacalaiTesque
(Kyoto, Japan), #&ft7 KU v A [sodium chloride (NaCl)] % Kishida Chemical

(Osaka, Japan), ~<=3-1U > (penicillin), A kL7 k=1 2> (streptomycin) |
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Meiji Seika (Tokyo, Japan), 1 ¥ 7 /L7 - (isoflurane) (& Nissan Kagaku (Tokyo,
Japan), Hoechst 33342, 7 I iff7ifiiE (fetal bovine serum; FBS) |X Thermo
Scientific  (Waltham, MA, USA) . 5-Bromo-2’-deoxyuridine (BrdU)

N-methyl-N-nitrosourea (MNU) . Mouse on Mouse (M.O.M.) Blocking Reagent,
M.O.M. protein concentrate, Normal Goat Serum, Normal Horse Serum (X Vector
Labs (Burlingame, CA, USA), 7 /L4 a2~ 17 > I (Fluoromount) | Diagnostic Bio
Systems (Pleasanton, CA, USA), Triton X-100 /% Bio-Rad Laboratories (Hercules,
CA, USA). O.C.T compound (& Sakura Finetek Japan (Tokyo, Japan) & ¥ = £ i1

A L7,

2-3 ERI7iE
2-3-1 ~ 7 Aghispiifc o HEE - 5538 Kk ORE & BiF O

FONFENT PRI THT o T2 E O HIE (12) 1> T, AT D X S G
Rl O BLEE, Eia. iR LI ORR 21T o7z, NEViERAIIGIE 10 A EnkfEd
C57BL/6-Tg (CAG-EGFP) ~ U ADFZ T X 0 fighh U 72 AR HEAR - & BLRE L 72,
i U 7= 2 TG #L##% 1% phosphate buffered saline (PBS) ' C & 41 /L~2)L
(Feather, Osaka, Japan) % H\WTY51272% & CTH|A, PBS T3[R L1z, &
Dz 0.15% = 7 77 —B T 37°C, 30 pHIR L YIS, TD&, =7
7 —EKISEIEAlE LT 10%FBS % &1 DMEM 1 Z 72, 70 pm &/LZ K
L —-— (BD Falcon, Franklin Lakes, NJ, USA) (T X » TR S 17270 o 7= /5%
ZFRZEL. 1,200 rpm T 5 D Lz, Z O CREVIETHINIIIEE 2%
GHEFLE LTS 205, Wil Xbk 45, Lcdi-> T, w0 %K TR
LCW D IE iR Z B L, B5E 21T o7,

HERG IR D F538 1% 10%FBS, 100 U/mL ~<=3U > } ¥ 100 pg/mL A ~ L7

1



F~A U ERIMLIZ DMEM & W T, 37°C, 5%CO, &+ FIcTiTo7=, &
72. SHZLIZ MY IV ABIC K AR 21T o 72,

fEfEsAIIE A 10 cm > v — L (BD Falcon) (Z 40,000 fifE/mL (272 5 X 9128
fEiL., FBS A~ DMEM C 72 FFfijEs# L 7=, £ 0% EWEAFEIX L, 300 rpm T
5 3EiE OO DB 0.22 um JKE 7 4 v A — (Millipore, Bedford, MA, USA) % H
W TR 21T o 7o, JERIEMila & BT ORMEIL, 7 I 2L 715

(Millipore) (445 15 3,000) % H\\CT7- 7,

2-3-2 Invivo ¥ 7 AMEIEIEE €T /VIZ X DT
2-3-2-1 N-methyl-N-nitrosourea (MNU) # 8 Ml IR =€ 5 L
WEDOWEIZBNT, KET NV EZHOTHADFNATHONTWZED, £
MICHE L CTRRFIEIC L VR EZ1T 72 (32), ¥ 7 A2 MNU 60 mg/kg % JiE iz
N#EH- L. [FIRFIC BrdU 50 mglkg & IEREN#E G- Lo, 0%, 150 f51C1RHE L
72 ASC-CM 2 UL Z i RN G- LTc, BEOEE, ~ 7 21X 3% 1 Y 707 Uk
T CHEBEBICEE L, 1.5%1 Y 7V T7 2 CHERfE Lz, EENS, 2HH, 4
HHEIZH BrdU & ASC-CM Z [FAIERICH G- LTz, B GHECIE MNU R0

IZ PBS, ASC-CM Dfti 0 |2 150 {2 124E L7~ DMEM % # 5 L 7=,

2-3-2-2 St REMlEIEE T L

IR B ZE PEIE 72 EDOIRIEDEATIZII DO BFBENE G T 52 EnmbiT
B | CFH IR E 23 s SRS MR O A R A MEEDE T v & LT
SNTVD (34-36), vV A% 24 e/ = T T LIFIEIS Sz, Sl
30 Z3AENic 1% 7 X2 kL — I [Santen Pharmaceutical Co., Ltd. (Osaka,

Japan)] IZ KV i SE72ER, Bk Y OYEEEE T T VERELE O T TET 9 K

12



X v B@EOEIT (Toshiba, Tokyo, Japan) % A>T, 8,000 Ix D YERHE T C 3 KEfH
~ U A%E MRS 2 20 Lz, JEEE&IC. BrdU % 50 mglkg IR
b LTz, D%, IS T THAENERGICEY  7r 7T =21 250 pg/mL
B2uL G Lz, BHOE, <7 AL 3% Y 7T R T TEREICHEE
L. 15%1 Y 70T o Ciffia LTz, [EE®ND 24 B, BFENTHT LT,
fEENS, 2 ABEE 4 BEICL BrdU 7 m s T =2 ) UERBRICEE LT,
BB GRZIZTn 77 =20 OO YIZPBS &5 LT,

2-3-3 SRy h ARk Y A VR

b 5 HZIC~ v AIREKARIL L, 4%/X7 KV AT LT e REH 0.1 MPB
(pH 7.4) 12 CT—WrfkiE Lz, DUV T 25% A 7 B—2&4 0.1 M PB (pH 7.4) #&IZ
48 IR IE LTz, D%, WRIKZEFE % T 0.C.T. compound |2 X U BifE L |
#1095 £ T-80°C (2 THEAFE L 7=, O.C.T. compound |2 & - Ttk L7ZRER &
EL, 7 UAAK v | (Leica,Wetzlar, Hesse, Germany) % H\ T, -20°C TE &
10 uym DY EER L, MAS =2 —F ¢ > 7 Sl 13— 27"Z A (Matsunami,

Osaka, Japan) (Z#H, -80°C TIRTFEL 7=,

2-3-4 gL

HASE) 1LYy, -80°C LV HLY Hi L, -20°C T 1 W§filfiiE L 7%, 4°C T
1RFAE L. S BIZEIR T 2 Rz S 72, £ D%, Super PAP pen (Daido
sangyo, Osaka, Japan) |Z Tt K Dttt & B < 7o 1280 7 oo & B 4 B AU 72
BrdU DY 217 5 BRIZITE T, O=IR T 2M O HCI LB % 30 7317 - 72, i
UWTC, @37°C T 30 4rfE] 0.3% Triton X ALBE A 1T > 7=, & 5(2@37°C T 10 57 fH

01% VU 7’V LB A 4T 5 7=, BrdU LA D Yeth 21T 5 B IZO-@ DI TREIXAT

13



Dignolc, 0%, ~U AHROHEZ HWSHERIZIX, M.O.M Blocking
Reagent (Z LV 1Rl 7 v v 7 LTz, LA OEA X, 10% goat serum E
721X horse serum (2L 0 17 0 v X T &4To7-, Ty X T%, —Ik
PUA (A1 : M.O.M protein concentrate 2 PBS THIRE /137 2 v F 2 7Hl) &
HAWT 4°C TSRS, £O%, “REUE (B - M.O.M protein
concentrate Z PBS TR E/2iL7 = > 7 Hl) ITX - T 1 KHBIG S BT,
fEV T, Hoechst 33342 |2 & D B ta %47 - 7=, Yethtk. Fluoromount (KA EES
ANFEA) TEA LT,

—PUARIZIL, rat anti-BrdU antibody [1:200 dilution: Abcam (Cambridge, MA,
USA)]. mouse anti-rhodopsin antibody [1:1000 dilution: Millipore (Bedford, MA,
USA)]. rabbit anti-Sox2 antibody (1:100 dilution: Millipore), mouse anti-GFAP
antibody [1:100 dilution: SantaCruz (Dallas, Texas, USA)]. rabbit anti-CRX (1:20
dilution: SantaCruz), rabbit anti-l1ba-1 antibody (1:50 dilution: Wako), rabbit anti-RAX
(Rx) antibody (1:300 dilution: Abcam), mouse anti-Pax6 antibody (1:500 dilution:
Abcam) % IV iz, TRFUEICIZENE N Alexa Fluor®546 goat anti-rat 19G.
Alexa Fluor®488 goat anti-mouse 1gG. Alexa Fluor®633 goat anti-mouse 1gG. Alexa
Fluor®633 goat anti-rabbit IgG (Thermo Scientific) % i\ 7=, £7=. X HTFT 4 7 =
Yhue— e LT, —RERERW Iz he— L E v,

Jufa, L7 R i3 e A v — 9 — A BAIMEE (FLUOVIEW FV10i; Olympus,
Tokyo, Japan) % JH\WTHgiZ L7c, FA#&E 5 500 pm Of7LE | 211.968
umx211.968 pm OHLFH A fese L7z, g dtiflic s £ 5 BrdU B fifu & O
rhodopsin & BrdU @ —EGMEMaAZ T v o F LER LT, N AR S Y
720 (Imm) O L TR LK,

14



2-4 FREHFRMENT
TR T Y EHERERR 2 Tor LTz, MEF R e lbBX,. SPSS (IBM,
Armonk, NY, USA) % T Student’s t-test (2 & W 1T 572, fERRERDY 5% &

AEEAD & LT

15



55 3 Hi RERAH
3-1 MNU # 8 IR 12569~ 2 ASC-CM DAFH]

AMFFETIE MNU GBI ST 7 /L 2 AR UGS U 7o, RSP HE T 7hF
ZEEIZBNT, MNU (IR RIS LA B L A2 ER T 5 2 & THllfust
Zan%s L. SMERL)E (outer nuclear layer: ONL) DJEAZJH/D S5 L 2AG
I LTWD (37), MNU #BFEMHEIEIE E £ 7 VTR B OR R & LTH
WHERTEY (32). ABFZETHIAKEIC, ASC-CM OFEAMEHIZOWT, MNU
Be 5412 ASC-CM #5356 Z LI X W it &21T - 7= (Fig. 4A), MNU (2 L %
pEEE S 5 HZIZIV T, vehicle E CIEHEMIA O~ — 1 —Tdh 5 BrdU itk
A DT TFE O b7z (Fig. 4B), MNU (2 X 5 EFE#IZ ASC-CM & # 5
952 LT LD vehicle #E & L, ONL (23515 % BrdU BEfEliia oA & 7t
RFE Hivie (Fig. 4C), F7-. BrdU & fifilad~— 5 —T& 5 rhodopsin &
DYtz L v BrdU & rhodopsin ¢ M HIIIEL S ASC-CM B E5REIC B
THEML TWB Z ENRB L E 227 (Fig. 4D),

F7o, ERBEITIR. AT APEMRA RIS LS SEZTET L
Th DD, FMROFIET 2HMEREICHE B L7oh, thofMEikiE 2k 5
FEARREIZ DWW C bR L7z, EMeHiiass 28 Rigid, MR gl o A7 L
TWAETH DR E Mok (ganglion cell layer: GCL) (Z351) % BrdU Bl
fas & s w7 (Fig. 5), —77. WNHEIKEE (inner plexiform layer: IPL) <°PNfH
k& (inner nucler layer: INL) (23317 % BrdU BEPEMIIEEIC 2 RITER D B a7z h

7,
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A

MNU, BrdU (i.p.) BrdU (i.p.) BrdU (i.p.)
DMEM/ASC-CM (i.v.t.) DMEM/ASC-CM (i.v.t) DMEM/ASC-CM (i.v.t.
| ] ] | I
I 1 1 | v
0 2 4 5 Days

Sampling

ASC-CM

C—‘

B Rhodopsin BrduU Rhodopsin/BrdU

Normal RIS

21 NoD.

Number of BrdU*
»~

Normal Control ASC-CM

Control MNU
MNU D = "
ON B0
8~
X
ASC-CM L E60
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L. 40
2220
(=}
= 10 N.D.
0

Normal Control ASC-CM

MNU

Fig. 4 ASC-CM promotes retinal photoreceptor differentiation after MNU-induced retinal
damage.

(A) Experimental procedure. Mice are injected MNU and BrdU by intraperitoneal (i.p.) injection.
After that, mice are treated vehicle (DMEM) or ASC-CM by intravitreal (i.v.t.) injection. In 2 and
4 days after MNU treatment, mice are similarly treated vehicle or ASC-CM. In 5 days, mice eyes
are enucleated. (B-D) The typical images of immunostaining show rhodopsin (green) and BrdU
(red). BrdU positive cell is not observed in normal group in ONL. Some BrdU positive cells are
observed in vehicle-treated group (Control) and ASC-CM increase BrdU positive cells in ONL.
ASC-CM also increase the rate of BrdU and rhodopsin double positive cells. Data are shown as
means + S.E.M. (n = 6). *; p < 0.05 and *; p < 0.01 vs. control (Student’s t-test). Scale bar = 20 pm.
ONL.: outer nuclear layer.
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BrdU Hoechst BrdU/Hoechst

| Control
D -
GCL . A E ASC-CM
Normal [4® 2
INL e S
cL z 3
Control g™ o
INL °
MNU 8
CL E
ASC-CM hike z
NL

|
GCL IPL INL

Fig.5 ASC-CM promotes the number of proliferative cells in GCL after MNU-induced
retinal damage.

ASC-CM increase BrdU positive cells in GCL as well as ONL. ASC-CM does not increase BrdU
positive cells in IPL and INL. Data are shown as means + S.E.M. (n = 6). *; p < 0.05 vs. control
(Student’s t-test). Scale bar =20 um. GCL.: ganglion cell layer, IPL: inner plexiform layer, INL.:

inner nuclear layer.

32 kFHEMEEERO TR ST =2 ) COIEA
3-2-1 AFHEMEREERO T 07T =2 ) 2 OISR

MR EEO T 7 7 T =2 ) OMIEE~OER ZRFT 572012, 3-1
ERBRDBRS &AT 272, T 2 THWOLFAHMIERES £ 7 13, ZEMEIN
BAEMEOET LV E LTALHEHINTWD (38, 39), JtfEERIC, Vvl T
=2V raEHRET5HZ 212X vehicle B & Fbx NREIREE (IPL) K OMKERL
J& (ONL) (Z351F % BrdU BRI #4n L 72 (Fig. 6B, C), —77. BrdU 5%

HHIX rhodopsin f&tETdHh - 7=,
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. . .
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Fig. 6 Progranulin increases BrdU positive cells after light-induced retinal damage.

(A) Experimental procedure. Mice are exposed to visible light (8,000 lux) for 3 h. After light
exposure, mice are administered BrdU by intraperitoneal (i.p.) injection and mice are treated
vehicle (PBS) or progranulin by intravitreal (i.v.t.) injection. In 2 and 4 days after light-induced
retinal damage, mice are similarly treated vehicle or progranulin. In 5 days, mice eyes are
enucleated. (B, C) The typical images of immunostaining show rhodopsin (green) and BrdU (red).
BrdU positive cell is not observed in normal group. Some BrdU positive cells are observed in
vehicle-treated group (Control) and progranulin increases BrdU positive cells specially in ONL.
Data are shown as means + S.E.M. (n = 9). *: p < 0.05 and **; p < 0.01 vs. control (Student’s t-test).
Scale bar = 20 um. GCL: ganglion cell layer, IPL: inner plexiform layer, INL: inner nuclear layer,
ONL.: outer nuclear layer.
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3-2-2 7 U THIRAD~ — 1 —% F Tkt

MR EG O T 7 7T =2 U G2 XY ONL THIIN L 72 BrdU BEPEHiD
Z SV FEHNREET 272012, TR Y 7RO~ —0 —Z W TRES
Z1T-> 72, Glial fibrillary acidic protein (GFAP) (X7 A ha ¥ A hDO~—0—,
ionized calcium binding adapter molecule 1 (lba-1) (ZX 7 v 27 VT O~—h—¢&
L THWzZ, ZOfEE. ONLIZH T 5 BrdU Bithflilaix, £onFhno~—7n
— & L IFE LR o7 (Fig. 7)e Z DR S, ONL ICIEET D BrdU B

AARIX 7Y THIRR TIE 72 W Z ERB BT T,

GFAP/BrdU Iba-1/BrdU

Control

Light
exposure

Progranulin

Fig. 7 BrdU positive cells in ONL are not glial cells.

(A) GFAP (astrocyte marker) expression (green) is observed in GCL but not ONL. Astrocytes are
not BrdU positive in ONL in progranulin-treated group as well as vehicle-treated group. (B) Iba-1
(microglia marker) expression (green) was observed in IPL but not ONL. Microglia is not BrdU
positive in ONL in progranulin-treated group as well as vehicle-treated group (Control). Scale bar

=20 um. INL: inner nuclear layer, ONL.: outer nuclear layer.
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3-2-3  HAMERTERMIL D~ — 1 — % W TGt

DI, MR O ~ — I — 2 AW TG 21T 2 72, Paxé &KUY Rx 1 &R
DFFEEFEIZ T, AT LEARRI R TH D LEX BN TV HERE
KFTHd (40-42), WTHNORETF b HEERTEEMLDO~—I— & B L, Bt
#{To7z, Pax6 (%, vehicle FEX N7 /T =o U U EGHNTLICEBNTD
ONL 1 Cidfth &z 7= (Fig. 8), F7=. BrdU 57> Rx Bt Offdi
vehicle BE CIRIZIEFE LR Do T2, 7R 7 =2 VEGHETIE, T2 T
H D057 b (Fig. 8).

Pax6/Rx/BrdU
Pax6 Rx Pax6/Rx/BrdU Hoechst

Control ONL

Light
exposure

Progranulin

N

I

Fig. 8 Progranulin increases BrdU and Rx double positive cells after light-induced retinal

BrdU* and Rx* cells in ONL/mm
-

% of BrdU* Rx*/BrdU* cells in ONL
i
o

damage.

The typical images of immunostaining show Pax6 (green), Rx (blue) and BrdU (red). Progranulin
treatment increases the number and ratio of Rx (blue) and BrdU (red) but not Pax6 (green)
compared to vehicle-treated group (Control). Rx and BrdU double-positive cells are confirmed by
confocal images. Data are shown as means + S.E.M. (n =5 or 6). *; p < 0.05 and *: p < 0.01 vs.

control (Student’s t-test). Scale bar = 20 um. ONL: outer nuclear layer.

21



ZOFEFRENG . Fig. 2 THAN L CTU 7z BrdU BRI o —& % Rx BMEfL
DL ENRPLMNE ol Fo, DB HHRGR ORI~ — I —TdH
% sex determining region Y-box 2 (Sox2) & BrdU @ " EfGMEMRS Y a7 T = o

U U BGRECIERRD e (Fig. 9),

Sox2/BrdU
/Hoechst

Sox2 BrdU Sox2/BrdU

. ) . .
Light
exposure
Progranulin

Fig. 9 Progranulin increases BrdU and Sox2 double positive cells after light-induced retinal

damage.
The typical images of immunostaining show Sox2 (blue), a retinal precursor marker and BrdU
(red). Progranulin treatment increased the number of Sox2 (blue) and BrdU (red) double positive

cells but not vehicle-treated group (Control). Scale bar = 20 um. ONL.: outer nuclear layer.
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3-2-4  HANEALAN AL AT BEAR AL D~ — A — & VN T it

HR B K CT& 5 cone rod homeobox (CRX) 1 EiTERAIILA & ARAMIE ~D Fe#& 5y
fbERTZENMBNTEY , HHRRAERN BB FORREELEHEL T D
(43), CRX KB~ 7 A CIIMEIEENL OW RO AL Z L2 H . CRX I
FADORRRIZMEE B Z BTN D (44), =2 T, CRX DOFBUISOWTHRFTL
leo 7077 =20 %, ONLIZIIT 2 CRX [ht oo 1 il ficd i ik i &
S/ (Fig. 10), v 27T == U »O5IT X - T, rhodopsin [ AR
PARITFR D b2 -T2 b OO SO ISR £ Tk A TND Z &

MRS
CRX CRX/Hoechst
Control
i : l.’”',‘“s.‘.}".'. R0
Light .
exposure
Progranulin

Fig. 10 Progranulin increases CRX positive cells after light-induced retinal damage.
The typical images of immunostaining show CRX (green), a photoreceptor precursor cell marker.
Progranulin treatment increases the number of CRX positive cells but not vehicle-treated group

(Control). Scale bar = 20 pm. ONL.: outer nuclear layer.
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oA B

AWFZEIL. TN MIEE 2 B (ASC-CM) KO a 7 J =V » OWHIAE
BT MO - BAEICBIT 2EENCOWTHRFT 52 &2 HE LT
FTote, FESCBE & CHIBERERIC 27— 27U 7Bk Ui
fa~E b T D2 LRGN E 2> TN D (11), I, BRAHILEICB VT
MM EZ I, DT ITHEBEHE AT D Z EDRREBINTNDHA (10), Z
DX IBITITE A L7 MR TH o MBI —AmIc, 28 s
O HbiFR E 2N EEZ 5N TWD, — ., N-methyl-N-nitrosourea
(MNU) T X 2% HE IR 5 1% o i Rk s % S #2 [K - (brain-derived neurotrophic
factor: BDNF) OF 512k 2 =T —7 U 7 HROFIEEMAD 2 HEHE L, (A
REHET D2 EBMESN TS (32), AHFIETIE, MNU IZ K % il
E% D ASC-CM OF 52 X 0 SR g (ONL) (23817 % BrdU [l i o ¥
INAFED B, £ O—EBi% rhodopsin [l Td - 72 (Fig. 4), F7=. JFhH
MR ERIC T 7 T =2 U &S L728A1C, ONL IZEIT 5 BrdU B
fad8s BRI 2 G LT (Fig. 6), BrdU Batfifiix, #rE L7l TH D Z & he
5. ASC-CM K OZDOHIZEHEENTWAH TR T T =2 ) T, MEREEZ O3
A U 72 RITBRAR B oD HE 5 K OVRTBR A A D E W B 595 2 & R STz,
ASC-CM DO # 5T, BrdU FEMERIR D —ER1E rhodopsin Mt Tdh o722 &b |
BAIIL & LT L TV EBZbNLHN, IrrF =2l v akE5 LTc%E
i, MR OFTE L TV A JEIZ BrdU BpfEflaldsn L cuwizb oo, £h
I% rhodopsin f2METH D . —EIEL Rx & Sox2 (ORI THh 5 Z L 23 5
&l oTe (Fig. 8), — . [ U < BRSO~ — I —ToH 5 Pax6 & BrdU
T2 R &S v o T2 A3, 2L Pax6 & Rx, Sox2 DI 2 B & D

TeHEBEZBND @45, Yur T =aV 0%, HFMREEFEKX T (hepatocyte
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growth factor: HGF) S &RIZIER 3% Z & 2 R PSRN IR E I3V T
LTS (27), HGF S22 AT ATSRHIR O us B E 2 A3 2 2
EMEINTWADTS (46), 7 u 7T == U U)3piBRAIlE %2 ONL & Tt
SHETWDLHEEENRE 2 b D, SRIOBKRFHIBNT, 7rr7=2)DHh
IZ X DEHCTHRMBO SR FANEE 20 > o Bh & U TR E%Z 23
A2 LT 2 ATBRAIIE 2> & B ~D RN IZ T m 7T = 2 U VERTIEA+
DTHDHIENREZ LD, FEMHMEE LIEPI2IX, s T=20 LD
ShDEEx 72KF- (HGF. activin A 72 &) BNEENTWDH72D, ZNHBHEAN
(BTSSR, TRk B OG-, BRI b LT
EEZBILD, ZAUT activin A ITHARL /3L AR S D A ICEMA T b T
WD (A7), 77T =2 ) TR R AT EE SE R E R C L D | HR
M RTESISE 2 BN S5 Z &R S ey (Fig. 10), Bl ~o 3L
EERIZF > TE 0T, BRRBAITEGNRRTNEE TH DL Z L AVRE
SN7z, —J7. BrdU FEEOHESMROEIT, v /T =2 ) CVERERHIZEBND
T, 1LUR SV 15 MlaTHY ., GIFDORESENLMAET S &, £ 700
M/mm® TH D, ZhiE, REOBREICBWTH LM -7 Lin-28 <
B-catenin DT T J FEFET A VAR K — |2 K SR FE BN THE L 7= H0 e 1y g
REEH EFETHD  (12), Wb MREEMEOIEICRE <FLELTY
LT Lm0, TurT=a ) s OMRETERI I ST S ERITRE WL
ZHivd (48, 49),
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Progranulin

Retinal injury

etinal precursor cell

Dedlfferentlatlo
Q) proliferation

Migration

M ller glia

Retinal injury

dlfferentlatlon Photoreceptor
p recursor cell
Death <m=m
Photoreceptor Novel factors? ~ Regeneration process

Fig. 11 The effect of progranulin during retinal degeneration and regeneration.

Photoreceptor cell death is occurred in the pathology of retinal degeneration. Retinal injury induces
the limited dedifferentiation of Muller glia and proliferation of retinal precursor cells. Progranulin
increases the proliferation of retinal precursor cells and the number of photoreceptor precursor
cells but not mature photoreceptor cells. Novel factors should be needed for the differentiation of

photoreceptor cells.

HFHARERICK T2 7 1n 7T =2 U COEMIEL, IS5 E 72> TW WSy
N <, MBI T 58 ETFIC D70, RKIFRICEY, Trn s o= R
AR 2 £ O HARK FTBE AR A G JH 2 (e U, MR IS/ G372 Z LR S
7= (Fig. 11), AETOWIET, 7Y/ T =o U OMEFE~DR G 23 /R X
iziz, M OHIE D 5\ IIICE R H D LB A, H2 E T,
TR AN 31T AR DWW TR L7,
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H22® TnurT=aVrOfEERE~DRES

F1HE M5

MR D R E R BEBNDO—21F, HEEZTHI L THDH, MREICA-T0IT
ML DIMANAFEAE L TN D 52 250 C do 2 HMIAL (FFARRIAL, SEARIRL) 12
Lo TEKES, MRITEICARIND, Z O RITIBHIINZ: £ % i@

e A % 53 i e

EEDBND, TDID, LMz > < RGC KUYz &5z 3 %t el X
MR D2 8% 5 ETEEE B X bLd, RGC ITHHMENIE D NRNIALE L |
AR A3 U CTIMOAMUBR A Elc, 2O 2B LTS, 70 THl
JAD—>THHT A haHA MIMFEBEIZEB T, RGC OITHIFIE L, Flrhfk

(retinal ganglion cell: RGC) ~& {5 Z B, JEEHRIT S HIThE~

IZBWTHET A hatrAg Naedoiz/7 U7/l ()27 Rehag b X7
77U 7T) BEEREFICFEE L, SR A SR LT\ D, FERICRs VT, T
A~ A bEiEEHISIE RGC O#liER & AR IZ R T 2 7o OFFE L2+ 5 2

ERVRGC DU T T ADFEUICEETHH Z EBHEINTWD (50), —7F
RGC L 0 i SN D M/ MRHCRECERF ALY = 7 « Ny URy 71X, 7
A hat A SRR OEECHEE AR 2 & e ST d (50-52), LA
X1z, RGC &7 A hu¥A MIHAEHT S,

IR > T ElwD 7 v 77 =2 ) VR~ D AEEIZB VT, RGC D
BAONEE D Z ENRMESNT (53,54), — . 7l T==U  KRIEFTH
ER DA~ T AR, FEZEM ~ U AW & D KDL TV D DN
WTIEHBI BRI > TR, £z, 7R 7T =2 U 33EAEICB W THIX
FRELRICEBEICHAET D L MESN TV DR (B5), TDOERIC VW TIFEA Y
57

N

MZEN TV, Invitro 558 il R iIZcBW Ty r T =2 U 2L 580
A EEEARRENTWA OO, invivo IZBWTFN A< LT

\
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RMIEIZ B 1T D0 b~DB G- DA T 22V (56), T Z TAMIE TIE, MK
BEMICB T L2707 T =2 ) OB~ /EIC§ 2 /ERIE DN
MR AR F A K O DITBHIALIE S 2 7 A b aH A MIxd 5 1EH z ks

L7,
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28 ERAME RO

2-1 FEEREN

AR ddY ~ U I AR AT L — KAt IV e s T =2 ) VBT
ERBP LI~ ATEFFAALAY) V=AU X=X VAL, ~T AL T
AF w78 — (#E245%x 175 x &S 125cem) 2 AV, HEBAK FIZE
JEEREL (CE-2; CLEA Japan, Tokyo, Japan) % AW TEE Lz, F7o. FEBRIZIT,
HEVEDB AR ~T v KM REXBEMO~ T X (8-12 DO~ 7 X OV
%1, 9 HHADF~TR) ZHWE, T XTO~ Y ATRIEILE: 24°C (FFAH
PH: 22 ~26°C). X EWE: 55% (Fr7<atP: 40 ~ 70%), PAME#- 12 REf (FRET: 4
AT 8:00 ~ Fi% 8:00) (ZHERF S AL 7o s RAEFL R A F B R F = £ 7213 = HiF
FEOHMMEEETHE L, EREZAT O IThHI > TE, RIER K FE Y
A - B EREZEE XM ERARRFE LTV, AR ETHEM L,
o, BIRFHABBRZ B OEREZITIICHIY | ERIER KA A E—7
T4 EESOFE, AKREZ T ETHEE LT,

2.2 Tn77=a VY RIBN Y ADY = ) FA BT

i~ 7 ZADBIRTHLORIE D=1, £ 4~6 BFO~ 7 ADFLRE %
WD 5mm Yy [ LRIV, £72, A~ U ZADOFRITHEIZ L DSt
R AZERHL L 7=, Cell Lysis Solution (25 mM Tris-HCI pH 8.0, 10 mM EDTA pH 8.0,
1% SDS) & U\ Proteinase K (Z X W IAfR L7=, = D% 7.5M HEET L& =7 LR
WIZE 0 E U RTERREL, 2-7 a8 —)L, T0%= 4/ —/LiZL Y DNA %
L. UTORANDT T A ~—%H T PCR Z1TV, v U AR A Z[FH

ELT,
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PGRN (forward) : 5’-CATGTGACTGATGACTGTCC-3’
PGRN (reverse) : 5’-GAGCAAGACGCTTTTGCTTG-3’
Neo-30 : 5’-ttctatcgccttcttgacgagttcttctga-3’

HAE 521X TAKARA PCR Thermal Cycler Dice® Gradient (# # 5 /31 A #k%
£, Shiga, Japan) ZH\\T 30 %A 7 W7 -7, 1 VA 7 /L ORERIT DNA 254
94°C 30f), 7=—VU2:60°C 30, =7 A7 a:72°C 60fp& L

7"/,
—o

2-3 Wy B OGS

AREBIHNTZHY K ORFET, LTO@EY Th D,
Reocmbinant mouse progranulin (X R&D systems (Minneapolis, MN, USA).
SU11274 (MET FHEHA:
(32)-N-(3-chlorophenyl)-3-[[3,5-dimethyl-4-(4-methylpiperazine-1-carbonyl)-1H-pyrr
ol-2-yl]methylidene]-N-methyl-2-oxo-1H-indole-5-sulfonamide), protease inhibitor
cocktail, phosphatase inhibitor cocktail 1l, phosphatase inhibitor cocktail 111, Igepal
CA-630, 74 % VU ARX 27 L7 —=E | (Deoxyribonuclease | from bovine pancreas).
Poly-D-lysine hydrobromide, #7224 K (Trypsin inhibitor from chicken egg
white) . ~~ FF U % (hematoxylin solution), =3 #& (eosin solution)
I% Merck Millipore (Billerica, MA, USA), K~ U 72 > (trypsin), Hi{b U o A
[potassium chloride (KCI)]. #&/2 (HCI), A7 m—A (sucurose), =% / —/L
(ethanol), /XZHR/L LT LT b K (paraformaldehyde), == 7' —+t
(collagenase), /~/3A1 > . Sample Buffer Solution (2ME+) (x4), A% /J—/b
(methanol), - &/ A% —®LD, FA4 ¥+ a—/Lfg) bV 7L (sodium

deoxycholate), K7 I /Liilg7 U 7 A (sodium dodecyl sulfate: SDS), R7 >
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NEEEFT MY U AR Y 77 U7 I R0 [sodium dodecyl sulfate (SDS)
polyacrylamide gel], 6-7 X / ~3F# & (6-aminohexanoic acid) & Wako (Osaka,
Japan), Y >t — /K3 U 7 A [sodium dihydrogenphosphate (KH,PO4)]. U > &
K& ZF bU DL -+ K (sodium hydrogenphosphate 12-water), U >t —/KF%
R U AT KFI¥ (sodium dihydrogenphosphate dehydrate). Blocking One-P |
NacalaiTesque (Kyoto, Japan), ¥ift.7- kU 7 A [sodium chloride (NaCl)] | L-3 %
7 A (L-systein) (% Kishida Chemical (Osaka, Japan), Hank's Balanced Salt
Solution (HBSS). Hoechst 33342, Neurobasal medium, BCA protein assay kit &
Thermo Scientific (Waltham, MA, USA), <=1 > (penicillin), A N7 =
A 2 (streptomycin) (% Meiji Seika (Tokyo, Japan). Tris-Buffered Saline (TBS) (%
5 71 7 A AR AL (Shiga, Japan), Mouse on Mouse (M.O.M.) Blocking
Reagent, M.O.M. protein concentrate, Normal Goat Serum, Normal Horse Serum X
Vector Labs (Burlingame, CA, USA), 7/L. 4 wm~1v > I (Fluoromount) (%
Diagnostic Bio Systems (Pleasanton, CA, USA). proteinase K solution {& Qiagen
(Duesseldorf, Germany), Can get signal solution 1, Can get signal solution 2 X
Toyobo (Osaka, Japan), K U AYEEL (tris base) . Triton X-100 (% Bio-Rad
Laboratories (Hercules, CA, USA). Laminin [ CORNING (Bedford, MA, USA),
O.C.T compound, /X7 77 ¢ - (paraffin) (& Sakura Finetek Japan (Tokyo, Japan) X
D ENENEA LT,

2-4 FEERITiE
2-4-1 MR ARG N 2 O T2 RS

HNNTEOTIERIC BT DM EORET (16) 22512, £% 8 HHD ddY +
VAXD MBI, Ml BHEEL -, MKEER., 5200
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Laminin/poly-D-lysine T=2—7 1 7 L TEBW/IE AT A RF ¥ 73— (Thermo
Scientific) £7/21% 12 7 =/ 7 L — FT, 1.0x10° cells/well = 7-1% 2.0x10°
cells/well DOHMAEEE CTHEM L7, HAVW=55H10%, Neurobasal medium (Thermo
Scientific) [L-glutamin (Nacalai Tesque), B27 supplement (Thermo Scientific), 100
UmL ~=3U > (Meiji Seika) &% T* 100 pg/mL A F L7 h~=A > (Meiji
Seika) Z@de] & L7z, D 20 RFfE{RIC, BiHhsc & SAEKRINz21T o 72, &
WX, Y/ ==2VU > 500 ng/mL, SU11274 1 uM & L7z, IASEREIT, Boih
U L7z, HIEEE 3 A B I b RERIZH Az & BRI 21T - 72,

2-4-2 ARG Al & % A

MRS MM 1L 2 5 4 FF v > 23— (Thermo Scientific) (= 1.0x10°
cellsiwell DRz CHEFE L, 37°C, 5% CO, D5eff: FCT—Hik5#& L7=, 20 Ff
21T, B AcH & BRERININ 24T - 72, HEIREEE 3 A B I [FERICEE AZH &
RN ZIT o7, RS 5 BRI, 4%PFA IZ X D [EEZ 15 /0 TV, %
FeYuta BAA L7z, ALER L LT, 0.2% Triton X-100 &4 PBS % % =ik C
10 5>, 50 mM glycine &4 PBS Z I 2 ={AC 15 oMFE L=, ZD%. 3%
normal goat serum &7 PBST (0.5% Tween &4) T30 M7 wmvXo 7 L,
Ty d 7%, —RPUEE AW T 4°C TG S B, 2Ok, kB
(2T LIFHBOG St Hoechst33342 T 5 3 ] S & H 7o, % (2 PBS THEH% .
chamber ZEUVRE, AT A4 NI T A%~ U v MIEZHWT I NN—27 T 2 TH
ALz,

FW = 1 IRFLIRIE. mouse anti-rhodopsin antibody (1:1000 dilution; Millipore).,
rabbit anti-CRX antibody (1:20 dilution; SantaCruz), goat anti-DCX antibody (1:20

dilution; SantaCruz), mouse anti-nestin antibody [1:100 dilution; BD Bioscience (San
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Jose, CA, USA)]. —¥kHiiki%, Alexa Fluor®546 donkey anti-rabbit 1gG. Alexa
Fluor®488 donkey anti-goat 1gG. Alexa Fluor®633 goat anti-mouse IgG (Thermo

Scientific) & L7z,

2-4-3 T AZLTa sy MNIX AR

MR, 12 7 =17 L— hHic 2.0x10°% cellsiwell 1272 % & 912
FEFE L, 37°C. 5% CO, DM F CT—Wakise Uiz, HEhacH & B3R Z2 170,
Bege 24 F7213 48 FEfRRICY > 7 U v 7 BAT o T2, Yo7 U 72T protease
inhibitor cocktail , phosphatase inhibitor cocktail 2 }2 OY 3 % & ¢¢ RIPA buffer [50 mM
Tris HCI (pH 8.0), 150 mM NaCl, 0.5% 7 4% > 22— Lz} kU 7 A 0.1% SDS,
1% lgepal CA-630] Z= M\, E7z., vV ZADOMEY 7L OGEIZIE, #EE
AR L. v~ 7 0F a—T7DORICAN, B LIz, o7 mdz Ry
B & T-80 °C IR 17 LTz, & v X7 B id EREEEE A 100 uL v, 8
£ A % — (Physcotron, Microtec Co., Chiba, Japan) % v C 30 B [Efk#E, ¥
Bk L7z, £Dt%, 20 5FOKHICHFHE S, 12,000 x g, 4°C. 20 53z 05y
HEL7z, D oBELc BigZEI L, # o7 BaitiR s Lz,

SDS AU T 7 UNT I K7 NVEKENEEEICE v b U, FarlCUkE Rk i
(25 mM Tris, 190 mM Glycine, 3.5 mM SDS) % AL, 7 /L% BV f5F i) 7= vk dhids
IR LT, VKENEEE O b KB HREER 2 ALz, 1 U=/ 0 ORIN&E
I fE~—h—%5uL, 7m0l & L, BT ERNER, 7
V1K= 20 mA TUKE L7z, kBN, /L% cathode buffer (25 mM Tris,
40 mM 6-aminohexanoic acid, 20% methanol) (Z 15 /7ffig L7z, EEREIL, A ¥
J =2 15 B[R L, EHiKIZ 15 43[R L=, £ D1%. anode buffer 2 (25 mM

tris, 20% A % / —/V) |2 20 57 [i2 L7z, BEfiiill7> & | anode buffer 1 (0.3 M tris,
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20% A % J —)L) |Zi& L7=AHE, anode buffer 2 (212 L7- Ak, EzGfE, L,
cathode buffer (275 L 72 AHEDIEIZHL A, 0.8 mA/em® DS THAG: L 1=, #5544 |
0.05% Tween %4 0.010 M TBS TA > 7 F & ¥4 L. Blocking One-P 1212 L.
30 437 a w %7 Lz, 0.05% Tween TBS THEE# . Can Get Signal Solution 1
T—HUEZ AR L, 4°C T—BEfUG S ¥ 72, 0.05% Tween TBS T, Can
Get Signal Solution 2 T RFUAEZ AR L CT=IRE T 1 FEMG S E 72, 0.05%
Tween TBS T L7ctk, L/ AZ—LD IZ 5 R LI, Dk,
LAS-4000UVmini (Fujifilm, Tokyo, Japan) % Tk L7,

—WRPUARIZIL, anti-GS antibody (1:1000 dilution; Millipore). mouse anti-GFAP
antibody (1:1000 dilution; SantaCruz) . mouse anti-rhodopsin antibody (1:1000
dilution; Millipore) . mouse anti-MET antibody [1:500 dilution; Cell Signaling
Technology (Danvers, MA,Uvc SA)]. mouse anti-B-actin antibody (1:2000 dilution;
sigma-aldrich) . rabbit anti-CRX antibody (1:200 dilution; SantaCruz) . rabbit
anti-p-MET antibody (1:1000 dilution; CST). rabbit anti-GAPDH antibody (1:1000
dilution; CST). sheep anti-progranulin antibody (1:200 dilution; R&D) % H\ 7z, —
RPURIZIE, Horseradish peroxidase (HRP)-conjugated goat anti-rabbit 1gG (1:2000
dilution; Thermo Scientific), HRP-conjugated goat anti mouse antibody (1:2000
dilution; Thermo Scientific), HRP-conjugated rabbit anti-sheep 1gG (1:2000 dilution;
Thermo Scientific) % v 7=,

& NI ORELGREE X, Multi Gauge Ver3.0 (Fujifilm, Tokyo, Japan) % fuv»

TR L7c, N> FOSEZEMALL, Hx DfEZFH L,

2-4-4 Sl et AR O A VR

v U AREKEREL L, 4%/ X7 RV LT T e REA 0.1MPB (pH 7.4) 12T
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— W E LT, F D%, 25% A7 11— A& 0.1 MPB (pH 7.4) #kIZ# L 48 I
ME L7z, k2234 VT O.C.T. compound | L W ks L. #4255 %£T
-80°C |2 TIRAE L 7=, O.C.T.compound |Z L - THif LIZIRERAZEE L, 7 VA
A& < | (Leica,Wetzlar, Hesse, Germany) % H\ T, -20°C T/E & 10 um OO}y
EERLL MAS a2—7 ¢ 7 ET= 13— Z A (Matsunami, Osaka, Japan) (2

#HH. -80°C TIRAF L7,

2-4-5 HufEgeth

WORE B IR YL falE, -80°C KW HLY L, -20°CC 1 WM ALE L7=f%. 4°C T
1RFRIACE L, S HIC=IR T 2 R s 72, £ D1, Super PAP pen (Daido
sangyo, Osaka, Japan) (T T K Dttt & B < 72 1280 7 oo J& B 4 B AU 72
Brn3a DY 24T 5 BRICI%,37°C T 30 47 0.3% Triton X AL AT > 72 1%, 37°C
T 10 73f# 0.1% kU 7L B ZAT o 72, Brn3a LA OHUIA A Vo st dufh
21T 0 BRICIE ERERTABRI I T o 1o, D%, ~ U AHROHUAZ WS
BlZiX., M.O.M Blocking Reagent IZ LV 1Rl v ¥ 7 Lz, L4 D
%1%, 10% goat serum F 7= (% horse serum (2 L 0 1Rl 7 1 v &% 7 & T o 12,
Ta vy X%, —IRPUR (L M.O.M protein concentrate % PBS THR & 72
X7 a vy TH) VT 4C TG ST, 20Kk, IRPUKR (RE:
M.O.M protein concentrate % PBS THIR E 721X 7 = > ¥ 7 Hl) & LRFHKIG S
7z, VT, Hoechst 33342 |2 L 0 L4 1T - 7=, Yefaf%. Fluoromount (7K
WIEBIAEAM) THEA LT

—RPLARIZIE, mouse anti-rhodopsin antibody (1:1000 dilution; Millipore), mouse
anti-GS antibody (1:1000 dilution; Millipore), mouse anti-MBP antibody (1:100

dilution; SantaCruz), mouse anti-GFAP antibody (1:100 dilution; SantaCruz), mouse
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anti-CC-1 antibody (1:100 dilution; Millipore), mouse anti-MBP antibody (1:100
dilution; Millipore), mouse anti-p-NFH antibody (1:1000 dilution; Millipore), rabbit
anti-NFH antibody (1:1000 dilution; Millipore), rabbit anti-CRX antibody (1:20
dilution; SantaCruz), rabbit anti-S100 antibody (1:500 dilution; Abcam). rabbit
anti-lba-1 antibody (1:50 dilution; Wako). goat anti-Brn3a antibody (1:50 dilution;
SantaCruz). sheep anti-progranulin antibody (1:20 dilution; R&D) % v 72, &k
FURIZIZZ N E 1 Alexa Fluor®488 donkey anti-goat 1gG. Alexa Fluor®488 goat
anti-mouse 1gG. Alexa Fluor®546 goat anti-mouse IgG. Alexa Fluor®546 donkey
anti-rabbit 19G. Alexa Fluor®633 goat anti-mouse 1gG. Alexa Fluor®647 donkey
anti-sheep 1gG (Thermo Scientific) # v 7=, £/, xH T4 7 a2 ha—itk
LT, — &k EpRV 2y ba— & iz,

et LI Ol i3 i L — P — B ABAREE (FLUOVIEW FV10i; Olympus,
Tokyo, Japan) & W THRiZ L7z, M~ 5 500 pm D&, 211.968
umx211.968 pm O#FIPA A fse L7z, SRCEaPICE L5 G Miadca o > b
LERE L, TNEHEMES YD (mm) Oo%E LR L, £, HE
DERZAT 5 BT, MRIFEALE, RISV T, B O IRE] i34
KN AND XL DICHRE 217, Image J (NIH, Bethesda, MD, USA,

http://rsbweb.nih.gov/ij/) % AW CHIE L 7=,

2-4-4 Tmr T ==Y R~ T 2O AR

RAE D~ 7 ARERZFGH L. 4% /3T RV L7 07 & REH 0.1 M phosphate
buffer (PB) (pH 7.4) % 2 pL A TR G- L, [RVRIC T 24 IpEE L7z, &
IZ70% =% /—/b 2 K[, 90% =% / —/L 2 [K§fH], 95% =% / —/L 2 KEf,

99% T & / —/)L 12 Fffl], MK ¥ /) —)L 2Bl x2 [\, L2 2 B x 2

36



[\, F L 12 B, AR ST 7 ¢ v 2 B x 2 [B], @R NT T 0 2 12 I
MONRICIRE ST, TD%, T 7 4 AZTIREKAZAHL, I7 v h—A
(Leica, Tokyo, Japan) # H\T. 5 um Oy Z/ER L 13— 27 F X (Matsunami,

Osaka, Japan) (Z#H 37°C I C—HEEE L, S\ TRIF LT,

2-4-4-1 ~< h¥FTY v AT UGG

RTT7 4 YR, FULUATR LT T 7 g U ETRE LTI, DO W TR
BN T v a— VR Z T 2miiiciR L, REKICRELTEE, ~~ FF Y
VHRIZ 2 3, =AY ARIZ 8 IR LT, BRI T b — LTl L,
VLU THERLAA F > b (AS ONE, Osaka, Japan) % W CEA L7-, B A,
F— 2 APEKSE (BZ-9000) % AW CHRE L7z,

2-4-4-2  HAREEAL

ML ORI~~~ b U v s 2 DU LT AEARE W2, &
TIWNZHE 3R ZAEEICHIE U, AAREALEE .05 240 pm FHIfRE THES
YEkiJE (outer nuclear layer: ONL) ®J/E 7% Image J (NIH, Bethesda, MD, USA,

http://rsbweb.nih.gov/ij/) % L CHIE L7,

2-5 FLEFFROMEAT
TR AR X A E R 2 TR LT, Mt SRR i, SPSS (IBM,
Armonk, NY, USA) % FV T Student’s t-test (Z X W 1T o7z, fERRERDY 5%ATH &

HEAAD & LT,
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5 3 i SEBRARE
31 7l T =a V) rOMEYIREE M~ /EH

AREITIE, 7077 =2V CORAEMICBIT HEREZHLNNIT 72012,
A% 8 B H DO~ U ARG B ML AZ WV CTHRE Lz, 99012, k)
REEE M P RIS RT BRI AR O~ — 21— T & % double cortin (DCX). nestin & O}
BRSO~ —H —TdH D CRX BDIEIELTWAH Z & 2R L= (Fig.
12A, B), MAIEHEEED 1 KO3 BRICTn 7T =2 &L, 5 B#IC0E
YettZefTolz, 7R 7 =2 CORINT K ESRINEE & E~T DCX KO
CRX BEtEMI D% 238 L7~ (Fig. 12C, D), S 52, 7u 7T =2 U Vit
TITMHMIL D~ — A — T % rhodopsin FGHIERIIREL 2 N L Cuvi= (Fig. 11E,
F), LEDOFERNG, 7077 = o U LT EREATERH D 2 MR Mg~ & o3k
SELERHEAT 22 LWL Eleo7- (Fig. 12G),
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Fig. 12 Progranulin increases the number of retinal photoreceptor cells in primary retinal
cell culture.

(A) Postnatal 8 day mice eyes are enucleated and the retina is dissected. The medium is changed
and vehicle (PBS) or progranulin (500 ng/mL) are added in retinal cell culture in 1 days. In 3 days,
reagents are added similarly in the culture. The cells are collected for immunostaining (in 5 days).
(B) The precursor cells are confirmed by immunostaining for DCX (neural precursor cells), CRX
(photoreceptor precursor cells) and nestin (neural precursor cells) in primary retinal cell culture.
The images show DCX (green), CRX (red), nestin (magenta) and Hoechst 33342 (cyan). (C, D)
Progranulin decreases DCX positive cells and CRX positive cells compared to control group. (E,
F) The typical images of immunostaining show rhodopsin (red) and Hoechst 33342 (cyan).
Progranulin increases rhodopsin positive cells in primary retinal cells. (G) Progranulin increases
rhodopsin positive photoreceptor cells and decreases retinal precursor cells. Data are shown as

means + S.E.M. (n = 3 or 4). *; p < 0.05, *: p < 0.01 vs. control (Student’s t-test). C: Control; P:
Progranulin.
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32 urT=a rOHMRSIREERBET

BT 7740 vallBNWTTRr =200/ vy 78yl 8Y HGF %
RROFRBINMET T 5 Z ENWME SN TWD (57), £z, KI5
FIZBWT, v AMEBEEMRIC 70 7T =2 U U ERIL, 5 /0% HGF
ZRERDIEEALDBOOND Z L2HmELTND (27), €I T, IR/ 7==a
U OIEMERFDO—>L LT HGF AR DOREGREZ b D 20, AigET
1T HGF Z B RDLESK TH 5 SUL1274 & H WV THRET 21T 572, 3-1 TORET L
[FIBRICHEME R 1 A O 3 B A IZ R AcH L RRIRIN 21T - 72 (Fig. 13A), 7'
77 =2V ORI HGF 25K (MET) @V »Egfbs i L, SU11274
(XZED Y U kA El L7z (Fig. 13B), fffasbicBIL CTix, 7Yrr 7 ==
U OUHNZ LV rhodopsin Bt E 2 N L, SUL1274 ORI LD | £
DOYERNES: LTz (Fig. 13C, D), £72, VxR Z 7 vy FOFFERIZEBNTH,
Tu s T =2 A2 X 0 EIN L7 rhodopsin FEELE L. SU11274 ORINZ XLV
KT L7 (Fig. 13E), LLEDHERNS, v 7T = U o OMEGRAIE > (bie

HEERIT HGF AR EZ T LTV D 2 LR STz,
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Fig. 13 SU11274 treatment cancels the differentiation of photoreceptor cells promoted by
progranulin.

(A) After retinal dissociation and incubation, the medium is changed. SU11274 (HGFR inhibitor) 1
UM and vehicle (PBS) or progranulin (500 ng/mL) are added in retinal cell culture. In 3 days,
reagents are added similarly. The cells are collected for western blotting and for immunostaining in
5 days. (B) Western blotting results show that progranulin increases the phosphorylation of HGF
receptor in 3 days. SU11274 suppresses the phosphorylation of HGF receptor by progranulin. (C,
D) The typical images of immunostaining show rhodopsin (red) and Hoechst 33342 (cyan) in 5
days. Progranulin increases the rate of rhodopsin positive cells compared to control group.
SU11274 cancels the effect of progranulin. (E) Western blotting results show the increase of
rhodopsin expression by progranulin treatment. SU11274 suppresses the increase. Only SU11274
treatment does not change rhodopsin expression level. Data are shown as means = S.E.M. (n = 6 or

7). % p < 0.05 vs. control, *; p < 0.05 vs. progranulin (Tukey’s test). C: Control; P: Progranulin;
SU: SU11274
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33 TmurI=al o RE~ U A EESNERE D2

BHWIIT T =a ) VERB LT A (B8) ZHWT, MEERE D%
IZOWTHRE 21T o7, oA Z 7 ay NROREREGEIZEY, TurI=
2V U RE~Y T AOREBEIZBNT, 7R 7 =2 U URRBELTND Z & EhE
L7 (Fig. 14A,B), B~ R LT/ I =2 U RIE~ 7 Z2ADOMEEE %
BIE L7k 3, K~ 7 2R W TR O 1AE L T 5 S Rk
(ONL) OEZ ML T LTz (Fig. 14C), F7=. rhodopsin ODFHEN T v 7 F
=2V VKRB~V AZBWTEK T LTWE (Fig. 14D), ~7T B XK~ 7 AITEH
WTIE, WIS B 502 RITFR D b v - 7= (Fig. 14C, D), Ll EoZ &
S, Tur7=a ) RS U AOBME O R F I TR K |

BARNR L DR D3FE D B ATz,
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Fig. 14 Progranulin loss decreases the photoreceptor cells.

(A, B) The protein expression of progranulin in retina is not observed in Grn” mice. (C, D) ONL
thickness is decreased in Grn” mice compared to wild-type mice. Rhodopsin expression is
decreased in Grn” mice. Data are shown as means + S.E.M. (n = 6). *; p < 0.05 and *; p < 0.01
vs.WT (Student’s t-test). WT: Wild-type; Hz: Heterozygous; KO: Knockout. GCL: ganglion cell
layer, IPL: inner plexiform layer, INL: inner nuclear layer, ONL: outer nuclear layer. Scale bar =
50 pum.
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3-4 TurT=al o REBICK DHEEREEIC KT

I, K~ T ZAOFERIED /3 LIZOWTRET L7z, fill 3-1 TH% 8
H B OMEREE B~ 7 e 77 =2 U RIS X0 S s bR 7
ROLNTEZ LD REFAEHTHD LEX DND4% 9 B BIZBW TR
EiTolc, VxAZ 7 ny MZXLMRNG, 7nr/7=a) U RIEYT R
IZBW TR ORIEEIL O~ — 1 —TdH 5 CRX OFBUEM, MO~ —
71— % rhodopsin DIEFAMET L7z (Fig. 15A), £7-. ot |l X 5k 5
5 BLARAMET O rhodopsin DFEBE AN L. ONL @ rhodopsin 0% 5 & A3
Hhn L7z (Fig. 16B, C), LA EOFERMNMS, Y u /o =2V U RIBIZL Y, Bl
f DI EES (O biEE) BEE . TARBIKICI T 2 NERLE DIEE KIS
R TND Z &R Iz (Fig. 15D),
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Fig. 15 Progranulin loss suppresses the differentiation to the photoreceptor cells.

(A, B) Western blotting results show the expression of photoreceptor precursor cell marker (CRX)
and photoreceptor cell marker (rhodopsin) in WT and Grn” mice. The expression of CRX is
increased in Grn” mice. The expression of rhodopsin is decreased in Grn™ mice. (B, C) The
immunostaining data also shows that the expression of CRX is increased and the expression of
rhodopsin is decreased in Grn”™ mice. (D) Progranulin deficiency inhibited the differentiation of
retinal photoreceptor cells to mature photoreceptor cells. Data are the means = S.E.M. (n=3 or
4). *: p < 0.05 vs.WT (Student’s t-test). WT: Wild-type; KO: Knock-out. INL: inner nuclear layer,
ONL: outer nuclear layer. Scale bar =20 pum.
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35 WARTn T =) U RE~ T AMEIZEB T DRk TRZE L
TnrT=a ) VR U RACET DEREOZLE LT, MR R E 7

F TR < | AR ET R (GCL) (17T 5 RGC # b8 L7 (Fig. 16).

—J7. WRERE (PL), WEERIE (INL) R OYMERE (OPL) (21X, IS0

ZARITRD bivZe o 7= (Fig. 16),
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Fig. 16 The changes in the retinal layer except for ONL in Grn™ mice.

Typical images indicate the retinal inner layer in WT, Hz, and KO mice. Quantitative data
demonstrates the reduction in cell number of GCL in KO mice compared to WT mice. There is no
change in the inner plexiform layer (IPL), inner nuclear layer (INL) or outer plexiform layer (OPL).
Data are shown as means = S.E.M. (n =510 9). *; p < 0.05 vs. WT (Student’s t-test). Scale bar = 50
pm. WT: Wild-type; Hz: Heterozygous; KO: Knockout. GCL: ganglion cell layer, IPL: inner

plexiform layer, INL: inner nuclear layer, ONL: outer nuclear layer.
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3-6 WA HT T =2l RV D RZET DM ZEL

7w/ 7 =2 ) YR T AT, BmOBAER T A L HE LT RGC
DL DB E SN TND (53,54), —J7, HORAE~ 7 21281F 5 RGC D%
RIZHONTIEMA LN STV R, £ 2T, MfkaEHhoR R % 2 RGC ©
Wz DLT-HIC, TORENZ~— I —Th 5 brain-specific
homeobox/POU domain protein 3A (Brn3a) % fefE Yl L v FFfli L 7=, Brn3a k5

PO RGC ik, AR~ AL L T /T =a2 ) U RE~ T A ZBW

TAHBEIZEY Lz (Fig. 17),
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Fig. 17 The changes of Brn3a positive RGCs in Grn™ mice.

Brn3a staining (green) indicates the RGCs in GCL of wild-type (WT) and Grn™ mice. Number of
Brn3a" cells and total cells are counted in the GCL. The number of Brn3a” cells and total cells in
the GCL are reduced in Grn"~ mice. Data are the means +S.E.M. (n=4 or 5). *: p < 0.05, *: p <
0.01 vs.WT (Student’s t-test). WT: Wild-type; KO: Knock-out. GCL: ganglion cell layer. Scale bar
=20 pm.
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3-7 MATn T =2l R~ U AMEICET 57 ) T HilOZ

B2 EORE S TR X 9IZRGCIXT A b r¥h A hOFFFITALE LTV 5
ZEMMBIRGC ET A bt A MIFHAIZEEL TWD I ENEXLND, £
Dizh, 7T A FuatA FOiEMA L% glial fibrillary acidic protein (GFAP) % Y:tf
T5ZLICLVEHE L7z, GFAP DHDLEREIZT 7T =2 U U R~ T A
BWTHEIZHM L (Fig. 18), —J7. MRIZI1F % ionized calcium binding
adapter molecule 1 (Iba-1) X 7 v 77U 7HUZH & 032 22 RITER D a7 s

~7- (Fig. 18).

3 #
>
2
g 2
£
=
8
2 1
S
=
[T
0
WT KO
25
2
820
<
15
510
]
E 5
=)
2
0

Fig. 18 The changes of glial cells in Grn™ mice.

Typical images show the expression of GFAP (red) in WT and Grn”"~ mice. GFAP expression is
almost not observed in WT mice. The fluorescent intensity of GFAP is increased in Grn™ mice.
Number of Iba-1* microglia (green) is not changed between WT and Grn™" mice. Data are the
means = S.EM. (n = 4 or 5). *; p < 0.05 vs.WT (Student’s t-test). WT: Wild-type; KO:
Knock-out. GCL: ganglion cell layer, INL: inner nuclear layer, ONL.: outer nuclear layer. Scale bar

=20 pm.
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38 WMART T =2 U KRB~ AWIEB T LT A et A FOZ1L
T 7 =a VRV RAEBAERM U XL T 5 L MOMRIZBIT
% GFAP OFEBLUZA B2 1338 b v > 7= (Fig. 19), BE#IZk W T, 7
077 =2 RE~Y AWITBO TR, B, 77U TRl (7 A b e
A b, 270707 OIEEEDBFRD ENH0, SRRV (8-12 k)
Tix, 77V 7RI OIEMHACIZRE D vy (24), T7obb, 7mro7=a21
KETOMTIET A A FOEEEAEE TR LT, MIEIZB N TORE
ETWHZ ENBExLND (Fig. 18),

CAl CA3 DG

N

=
31

o
w1

Fluorescent intensity
=

WT KO

Fig. 19 No change of GFAP expression in adult Grn™ mice hippocampus.

Typical image of the expression of GFAP in CA1, CA3, and DG of hippocampus. The expression
is not changed in Grn™ mice. Data are the means + S.E.M. (n = 4 or 5), Student’s t-test. WT:
Wild-type; KO: Knock-out. CA1: Cornu ammonis 1 area, CA3: Cornu ammonis 3 area, DG:
dentate gyrus, Scale bar =20 pum.
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3-8 ik~ T AMEIKICK TS TS T =2 ) D RI(E
RARDE AR~ 7 2CBIT DT r T =) CORMEE., M EOBER L [F
FRIZ, ha-l 5 7 v 77U 7IZEIZ/IE L TWe (Fig. 20), E 72, S100p Btk

T A but A MCH—ERENRD b (Fig. 20),

Fig. 20 Progranulin expression in retina of adult mice.
Progranulin expression (magenta) is observed around the S100p astrocytes (green) and
co-localized with Iba-1"microglia (green). GCL: ganglion cell layer, INL: inner nuclear layer.

Scale bar = 20 pum.
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39 AT n T =2 KRBT AAMRICBIT ST n T =2 ) U
74k,

AR D &30 | M & ORI 2 #RIEENC AL L TR~ L2 27201,
BARFRIZIE RGC DRz A, £ D EIZIEZ Y U 7T FET D, £ 2T,
21A IR T &9 I HARR O ER B R K O - Sk Db &2 fERE L . 3
iz (Fig. 21A), AR D 2/ TlE, 7m0 7 =2 U Y OFREANEO 5
N, 7rrI=a ) U RE~URY/FTIIT e 77 =2 VOB L0758
PO B o7 (Fig. 21B, C),

C

Fig. 21 Progranulin expression in optic nerve in WT and Grn”" mice.

(A) Preparation of cross sections of optic nerve. (B) Progranulin expression (magenta) is observed
in WT optic nerve as cross sections. No expression of progranulin is observed in Grn”™ mice. (C)
The expression of progranulin in retinal sections with optic nerve. NFH (green) shows the axon of

RGCs. Progranulin loss is confirmed in Grn™ optic nerve. Scale bar = 20 pm.



3-10 K7 r 277 =2V YR~ U ALMREICE T SR L O Y 7 Hild o
21k

Tn T =a ) UV RE~ T AFEER Y U X L AR TRGC DR~ — I —T
& % phosphorylated neurofilament H (pNFH) & OF neurofilament H (NFH) D #E4E
NIRW® BT (Fig. 22), Myelin basic protein (MBP) (%, #ii3% & PFHICAE(ET D 2
TV rOv—=h—& LTHWE, WA, AR~ 2L TTr s 7=
=V VR~ T AT Iba-1 BEPERIIRIC 2 ITER® 51T GFAP O R B E5
LTWe (Fig. 22), LLEDFREMNS, 7077 =2 J URRIBFTHZLITEY
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Fig. 22 Changes of glial cells in Grn™ optic nerve.

Typical images show the expression of p-NFH, NFH, MBP and GFAP in WT and Grn™~ mice. The
accumulation of p-NFH and NFH is observed in Grn” mice. The fluorescent intensity of Iba-1 is
not changed between WT and Grn™ mice. The fluorescent intensity of GFAP is increased in
Grn” optic nerve compared to WT optic nerve. Data are the means = S.E.M. (n = 3). ™, p <
0.01 vs.WT (Student’s t-test). WT: Wild-type; KO: Knock-out. NFH: neurofilament heavy, MBP:
myelin basic protein, Iba-1: ionized calcium binding adapter molecule 1, GFAP: glial fibrillary
acidic protein. Scale bar = 20 pum.
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3-11 iR~ 2HMRICBIT 570 T =2 v ORTE

FARIZAFTET D FERMREIX 7Y T Thir EEXLNDT-H, I 7u )
T.TAMrY A NEROAY AT Rada ro~v—T—2H\WT, 7urs7
=2 UV ORBENIC OV TR EZ(To7z, 707 =2V VI3 & Rk,
Iba-1 (5 7 v 77U 7 e O GFAP BEtE D 7 A a4 MIFELL Tz (Fig.
23), —J . MBP,CC-L i\t AU I7 v Rad A hO~v—I—Th D0,
—HDCC-LBEA Y I7 v Rara hoA7Tu s 7 =2V %8Bl L1 (Fig.

23),

| voe  pogonuin | wewes N cor | pogenuin | Merged |

.. ¥
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Fig. 23 Progranulin expression in optic nerve of adult mice.

Progranulin expression (magenta) is observed in Iba-1" microglia (red), S100p"astrocytes (red) and
CC-1" oligodendrocytes (red). MBP is not co-localized with progranulin. Iba-1: ionized calcium

binding adapter molecule 1, MBP: myelin basic protein. Scale bar = 20 um.
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3-12 MAfEEE (% 9 HE) B 57 v 77 =2 1 U RIE~ T A5
FEEiMilE (RGC) D2k,

Tn T =2 CRBIZE VRO bR IS I 1T D BEE IR, FEIC
ELTWDLDOTIFRWNEZ X, MEEERICR T2 7n 77 =2 VOXRE
DEBERF L, YIDIZ, A7 a /77 =21 VR~ 7 AZBWTHERD S
Tz RGC DD R EMMKIZIE W THRO LD NI OV TR LTz,
MR EOHR M TH D LEXONLEKIBHICBNT, YrrJ=aV K

MBI RGC Eh A LTz (Fig. 24),
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Fig. 24 The changes of Brn3a positive RGCs in Grn™ mice at postnatal day 9.

Brn3a staining (green) indicates the RGCs in GCL of wild-type (WT) and Grn™ mice. Number of
Brn3a” cells and total cells are counted in the GCL. The number of Brn3a” cells and total cells in
the GCL are reduced in Grn™~ mice. Data are the means +S.E.M. (n = 5). *; p < 0.05 vs.WT
(Student’s t-test). WT: Wild-type; KO: Knock-out. GCL: ganglion cell layer. Scale bar = 20 um.
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3-13 MEEFREM (A% 9 HA) IKBFA2 70T =2) U /RiE~ 7 AHEET
A kY%A FDOEAL

HBZRIBRBIZBITLT A had A hoOiEHRIIZOWTHE L., 7r /7=
2 U URE~ T AR T, BRI~ T 2 L bl LT S1008 & O GFAP T
RINDT A bt b~—h—IHEICEH L7 (Fig. 25A,B), 2612, 7
Abhat A MK 27 —7 U7 O~—J1—7Th% glutamine synthetase (GS)
DIBIN LHTDHZ D, EREKL R = 2L 71y NOFERNOH )
E7po7= (Fig.25C, D), 7/ 7= UV REFTEHLLTWDL YT F Vi
T A7, 32 TCik_7eTn I =2 ) VEBEN DD LB X HIVD HGF &
IR (MET) OV U LICOWTEIii L7z, 702 T =2 U > K T Tlk HGF

ROV LMK LTz (Fig. 25D),

55



S100B

25
2 2
g
E 15
2 1
S
>
T 05
0
S1008  GFAP
D WT KO

=
D
(=]
=
=

s 27

2 4
(%)

L3

gn

S 1

22

<

o

@

GS GFAPp-MET

Fig. 25 Astrocytes in Grn™" retina at postnatal day 9.

(A, B) S100p" and GFAP" astrocytes in mice retina at postnatal day 9. Fluorescent intensity of
S100B and GFAP expression is increased in Grn™~ mice. Data are the means + S.E.M. (n = 5 or 6).
(C) GS stained astrocytes and Muller glia. The increase of GS expression is observed in Grn™'
mice at P9. (D) Typical band showed GS, GFAP, p-MET, MET, and B-actin. The quantitative data
indicate the relative expression of GS and GFAP per B-actin and p-MET per MET. GS and GFAP
expressions are increased in Grn™'~ mice retina. The phosphorylation of MET is decreased in
Grn™" mice retina at P9. Data are the means + S.E.M. (n = 3 to 5). *: p < 0.05, ; p < 0.01 vs. WT
(Student’s t-test). WT: Wild-type; KO: Knock-out. GCL: ganglion cell layer, INL: inner nuclear
layer, ONL.: outer nuclear layer. GFAP: glial fibrillary acidic protein, GS: glutamine synthetase.
Scale bar =20 pm.
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3-14 MRS (E% 1 BR) BT n 7=V U RE~Y X@ET
A kY%A FDOEAL

AHZRIBHE LV OEERY THLAKLLIARIZBWT, 7r7T7=2U K
H~v 2D T A koA k~—H—0 S100B DIEBUZ & 72 B IEFR
biehotz (Fig.26), ZDOZ b, vl 7 ==V 34 % 1 A BIZIEE
MW, A% 9 A H ETOMIZT A o NORB R I R % KT

LTWaD Z &R ashiz,
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Fig. 26 No alteration in retinal astrocytes in Grn™" mice at postnatal day 1.

Representative images of S100B “astrocytes (green) in retina at postnatal day 1. No change was
observed in the expression of S100B in Grn™"~ mice at P1. Data are the means + S.E.M. (n = 4, 5).
Student’s t-test. WT: Wild-type; KO: Knock-out. GCL: ganglion cell layer, NBL: neural blast layer.
Scale bar = 20 um.
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3-15 MR EN (A% 1 LKR9IAR) IZBITL27 R YT =2 OB,
3-14 DFERNG, 7n 7 T7=2 J RETICEBWTARRE (4% 1 BHA)
TOT A bat A MIEGITRO b hofc Z &nh, ABES (%9 A
) icBW\W 7 ur =2l VML DIERAEZAELTND I ENEZLND,
ZZTABLECI AAOHMEIEICKIT L7 n s T =2 ORI OV THE
Alle.7e 7= ) VOFRBREIZ AR LIABENG IR BTN THEINL,
ZORBUIEHK 9 AHICBOTOR, 7 bt MNEARICRD b (Fig

27),
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Fig. 27 The expression of progranulin in retina at postnatal day 1 and 9.

Progranulin expression (magenta) in retina at postnatal day 1 and 9 by immunostaining. S100p*
astrocyte (green) is partly co-localized with progranulin in WT retina at postnatal day 9 but not in
postnatal day 1. Iba-1" microglia (green) are almost fully co-localized with progranulin. Western
blotting results showed that the expression of progranulin is higher at postnatal day 9 than
postnatal day 1 in WT retina. . Progranulin expression is not observed in Grn™'~ mice. Data are the
means = S.E.M. (WT: n=3or 4, KO: n = 2). "p < 0.05 vs. P1 WT (Student’s t-test). GCL:

ganglion cell layer, NBL: neural blast layer. INL: inner nuclear layer. Scale bar = 20 um.
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A H B

KGNS, 7u 7T =a U UMM S35 2 & 2 B0
L7c, MG (FFASHIRE) O bITAERICEE 2 L& X v, MEIEATERHTE 2
FLHERRATEHIIL & 72 0 . S I~ E b LT <, A% 8 HHDIF~ Y
A AN B IR L 7o IS B ~D 7 e 7T =2 U I K 0 | B
FaaiBHIAE (CRX BEEMIAE) Db & UM (rhodopsin BEMEMIAE) D EEANA
AL (Fig. 12), ZAuE, MR~ b2 U 7= /558, RiBEAIRIL O
OPNEETZEBZ NS, TOEERERIE, HGF AR FE R L v ik
LicZemb, 7ur 7=l kDM bIREFEH O—ilc HGF &
BIROBEENREZ 2 HD (Fig. 13), HGF Z & IRI3A% 7 B B2 W TR
FET 5 ONL ICEFIZHFEETDHZEnD (59), % IBHO T/ TF7=2
YR~ U AHEEIZ BT HGE AR D U L DY . CRX DFEEIEIN,
rhodopsin DFIL D 3F8H HivlzZ &b, HGF &K% L CHMIIE~D
IAEDBBLE SN TWD Z EARER E 7z (Figs. 15, 25), Z D Z &AW, iRk
077 =al rRBE~ T AT HMEEINERLE OB LI DR 5 Tz
EFEZbhD (Fig. 14), Va7 7 =oV O bicBET 285 & LT
Whnt/B-catenin > 7V DR E13E 2 60, MG EIZB VT AR
TFNUREELTWD EEZXHND (56),

F 7o, MAEGAMRA~OIEHRLSNC, 7n /T =2 U RIEEIZED, TA R
YA FOIEMAL KRN RGC DA NEED Z EEZH LN LT, SHIT, £D
AT EMOEHRIABENLERE TWAZ LRI, T A et A ME
AT I OO IR RE T A A N ARARRE D> D IR I lE & L. A% £ TRIEMEMIE A~ &
W Zfe T . = OB T 5 (50), RGC I/ MR KEER ALY =y 7 -
Ny URy ZEBI LT, 7 A et A MRl OEE A RES TS (51,
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52), ABFZEIZIBWV T, RGC OAHLANEIER TTD L EN54E% 1 HAEICBW
T, 7/m 7 7= ORBIZT A bad A h~—H—Tbh 5 S1008 DIEHLIZ
WL MIE S 72 o7 (Fig. 26), RFREHIIZIHWT, 7 X hrthA FoiEM (b~
—N—=ThV ., HAD~—I—LbBEZHID GFAP OFELL, BAEM~ T X
M CTHERO LN Enn, A% 1L HHTIET A hath A o4kl
FETLTWeWnWeEEZ LD (50), D7, £1% 1 HHE2H 9 HHODMIZ,
Tur =2 URIBIZEY ., TA MY A FOlEERFENES, A% 9 HH
DTuTT7=a ) VRE~TAMEIZBWNTIET A b A h~—T— kO
7 T Hf~—%5— T D S100p, GFAP & TN GS DI BBIIMMAFRD Sz Z &
NEZHND (Fig. 25), £7-. Vv /7 == U »RKIEIZ XV Brn3a BGtED RGC
BOWWONRRD BTz (Fig. 24), UEDOZ Lt 7Yur 7 =2 U OXREX
AR (% 9 AH) KR EEBEZRIF LI LRSI, EBRIC, B
Al AW T, A% LI HENG9HETY B 7= U VOFRBR
WL TWa 2 by, mrI=al 3AE%EN (% 9 HA) ItV
T, TOEMAZRE L WD RN & (Fig. 27), T 78bb, Yurs =2
U ORBIIME, 707 )T OME~ORANEIT 5447 A B L FEE
HTHHZ L 60), 7urT=2) T3 u s ) TICEEICRETS 2 L
O, I/ 7 UV THROT 0T =) UMD, AFEKRDT A R
a2H A N OIEMEALEZFRET L T A RREERE 2 b D,

IAEOHREIZLY, v s =) NIEENIZT A et A SoiEE %
MK+ 5 6Ll), TDH, 7arT=a VAT A Fat A MIESEER LT,
RGC DAffEsERil iR 2T 5t L CIRFERITE W TV D RN B b D, —
F. 7w =a U RBIZED  HGF B AERD Y VL O T 2580 bivl
(Fig. 25D), HGF Z#&KlL RGC ODAFICHLGTHZ EnME SN TS 2D
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(62,63), 71277 ==V X RGC ® HGF Z AR ICEHEEN L CTALEITEIWN T
WAHRTREME S B 2N, 775 =2 U COERAICOWTIIAS BB ET &R
ETH D,

ULDZ s, 7n 7T =2 ) A3REHOEM EIZE S L, RGC O
BT A hat A FOIEHEILEZFE L Wb Z R Ini, Yers 7=
2V CORBIFMDOT A bat A MIEbZRIE SR 2 b, Tu s
T =2 ) VIR LR MR O T A b et A MIRERICEHL TS Z &
DRI, Ve 77 =a ) VORAEMICBIT LB LA LI 77V T0O
M T OINZIZFERE N H D B2 b LT, HBIETIEI /T U T DO

JEFRE~DBEL T 7T =2 ) VOBEEIZHOW TR L7,
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BI3E MBEAEICHT LI s ) T ORE
HLH HE

MERETE BTN DA E D28, AR E TEOREITHS, ERIZ, <D
AR RS R MM & 72 2 A3, —FBOMARR AT BRI I 3IE5E Lk 1T D, £ D5y
BT IR L 0 4T LT | I ER#EIE A1 6 H HIZ3 W\ T b HEFEM
RADFRD B D (64), B OFHITFEER I THET 2 MBS (FF At M.
27707, MMl N7 ~7 U Hila) Il TEHEETHD &
Frbhbd (85),

EHROFRZEHOMENBICI 70 7 ) TIEZ<RBO b5, I7e 7 TR
MO METHRICHE TH D Z ENRESNTND—H T, 377U 73
R 155 G 2 BB ZE B2 B AE(E L TN D (66, 67), Z D7, FErEfim 2/
27U T OREENIMERRIM b D EE2bND, £/, I 707V 70
BIIBAEIZZ Vb 00, A% T ITEAD L, ZO%RBCHENT 5 (60), 72
BRIZI 77 UTHREML, ED XD 2 EZH > TWD 00 502 TldZ
U,

EFEIC > T 22707 U T BSIMOMRHTAEICE S92 2 LAVRIR STV
b, FIUTIFEA A Y kR R T 1 (insulin-like growth factors-1: IGF-1) 7 &
DI v ) THROMERNTFPEGTLEEZLLN TV, 277U T
2 ODFA TR S D, RIEMRER R ML L BTRIERN 2 M2 TTH 5,
M2 X7 a2 73k x RcRIRFZ2 3%, U ARZHE (lipopolysaccharide:
LPS) DEENE I LY HE FHIZBWT F T v A7 4+ — 3 v JHIGER 1 B
(transforming growth factor-B: TGF-B) ZFHL 925 M2 B 7 7' U 7580 L |
PRRFTEDMEE S LD Z EBRMESNLTVWD (68), — ., MfRFIAICIZI 7 8
7V T HROD IGF-1 (IR RIEMEY A S A G5 2 LREE S
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NTWn5 (69), &5, BT 774 viallBHMIEOMEE E~DI 7 0
7V 7T OGRS ATV D (70),

Tur g =a ) FHFRRRHRRICEBWT, I 7ue s U TICEFEICEBLLTE

B

D AEREMREBIZENTI 7 a7 U TIZBIT 57 r 7 T =2 U v OKEIRE
HShTwd (71), H2EIIRLELIIC, 7ur =2 3A% 1 HHED
SEMBAR 9 HHICHNT T, ZORENEINT 2, BHRENZ L12, Z o8
TR EOREESHRT L I 7w ) TOWMOKHE—HL TW5D (60),
Flo, Tm 722 ) 3o n 7 ) TOWEEICEET L 2 ERHE IR THD
% (72),

b, 27va7 07 B3BBG 2 2 ERHLNCESNSDOH D, K
WHIETIE, S 27 v 7 V7O~ AMEEAICK T 2&E ZH 60T 57201,
LPSIZ XV I/ a7 ) 728N sW 7254 & colony stimulating factor 1 receptor
(CSFIR) OIHEFRTH D PLX3397 2LV I 7 vl ) 7 & SHGAEDE
BZOWTHF LT, £72, 7R T7=a2 ) U RETFTTOIZr s )T Lk

AIRAIIE D ZALIZ DN T B RFT 21T - 72,

63



B2 FEBME R OSE
2-1 FEERENY)

#EH% C57BL/6 ~ 7 AFH AR A Lo — RS I VEA L, TDfF~ T A
ZEBRICHWZ, 7 n 7T =2 ) R~ U AT 2B IR LcEi 2 vz,
BT B SRR R 2R AR BN A B = & 7 1 B SRA avRLAR 5F o e E
ETHE Lz, EREZITOICHTI- - L, RIERRFEWERE - B L%
BB ESER R ATV, S 257 ETHER Lz, Eio, BB
WY OFRZAT O ICHTY | RIERRENA A =TT 1 EERDOFA,

REZ T ETRM LT,

2-2 FEERI B

AREBRIZHN Y R OFAEEIT, LToEy Th o,

PLX3397 (Pexidartinib) (X Selleck Chemicals (Houston, TX, USA). protease
inhibitor cocktail, phosphatase inhibitor cocktail I, phosphatase inhibitor cocktail 111,
Igepal CA-630. lipopolysaccharide (LPS). 5-Bromo-2’-deoxyuridine (BrdU) (X
Merck Millipore (Billerica, MA, USA), K~ VU 7 > (trypsin), LB U T A
[potassium chloride (KCD)]. ¥ (HCI), A2~ v — & (sucurose), T4 / —/L
(ethanol), /XZ K /L AT /L7 & K (paraformaldehyde), Sample Buffer Solution

(2ME+) (x4), A% 7 —/L (methanol), 1 A&/ 2% —CLD, ¥4 F L a— /L
7~V 7 2 (sodium deoxycholate), K7 S /URifgF K U 7 A (sodium dodecyl
sulfate: SDS), RT U AMEEFT R O AR T 27 U7 I R4/ [sodium
dodecyl sulfate (SDS) polyacrylamide gel]. ~ U R¥gHE (tris base), 6-77 I / ~F%
BB (6-aminohexanoic acid) /% Wako (Osaka, Japan), Y & —/KEH U U L

[sodium dihydrogenphosphate (KH.PO.)]. Y »E&/K3E 7 b U 7 A - 0K
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(sodium hydrogenphosphate 12-water), UV > fig " /K5EF N U 7 A " KF1¥) (sodium
dihydrogenphosphate dehydrate), Blocking One-P (X NacalaiTesque (Kyoto, Japan),
k7 b U 7 4 [sodium chloride (NaCl)] i Kishida Chemical (Osaka, Japan).
Hoechst 33342, BCA protein assay kit /% Thermo Scientific (Waltham, MA, USA).
Tris-Buffered Saline (TBS) 134 7 7 /A A #kZ&4k (Shiga, Japan)., Mouse on
Mouse (M.0O.M.) Blocking Reagent, M.O.M. protein concentrate, Normal Goat Serum,
Normal Horse Serum (% Vector Labs (Burlingame, CA, USA), /LA u~1v > k
(Fluoromount) /3% Diagnostic Bio Systems (Pleasanton, CA, USA). proteinase K
solution [ % Qiagen (Duesseldorf, Germany), Can get signal solution 1, Can get signal
solution 2 (X Toyobo (Osaka, Japan). Triton X-100 (% Bio-Rad Laboratories (Hercules,
CA, USA). O.C.T compound /% Sakura Finetek Japan (Tokyo, Japan) L ¥ Zi1Z 41

A LT,

2-3 FERI7 ik
2-4-1 LPS, PLX3397 45
£ 3 HH DI~ 7 A2 LPS 1 mg/kg & EREN® G- Uiz, F7-. HEIEMEO
~—7%—& LT BrdU 50 mg/kg = IEFERNFEG- L7, BrdU & 5134% 7 HH £
T1H1EES L,
A% OHBRENST7HBET, ff~ 7 A2 PLX3397 0.25, 1 mg/kg % 1 H 2 [A]
fEWEN G- LTz, BrdU OF 51T LD & RERIZAT - 72,
WTNOFEBRICIB N THAER 7 BRI~ U ZDIRRZ G Lz,

2-4-2 ot AR AR O VR

v U AREKEREL L, 4%/ X7 RV LT T e REA 0.1MPB (pH 7.4) 12T
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— W E LT, F D%, 25% A7 11— A& 0.1 MPB (pH 7.4) I L 24 I
ME L7z, k2234 VT O.C.T. compound | L W ks L. #4255 %£T
-80°C (2 CTH-AFE L 7=, WG L72IRERK% O.C.T. compound % F\»C-20°C T ClE &
L. 7 U4 A% bk (LeicaWetzlar, Hesse, Germany) %\ T/E X 10 um DY)

FaEERL, MAS 2—7 4 > 7 &= /3— 27" A (Matsunami, Osaka, Japan)

\Z#E, -80°C TIRIEL 7=,

2-4-3 fufEgeth

Jutalf, -80°C L W BAEUI A A v L, -200CC 1 Frf & L7-1%. 4°C T
1RFRIACE L, S HIC=IR T 2 R s 72, £ D1, Super PAP pen (Daido
sangyo, Osaka, Japan) (T T K Dttt & B < 72 1280 7 oo J& B 4 B AU 72
Pax6, Chx10 DY 21T 5 BRIZI%, 37°C T 30 43[#] 0.2% Triton X ALBR & 17 o 72
#%. 37°C T1047f# 0.1% ~ U 7o L ALBE A 4T 5 7=, Pax6, Chx10 LS4 %
179 BRICIE ERERTLBRIIAT Do 1oy D%, ~ U ZAHROHUREZ N D BR
121X, M.O.M Blocking Reagent (Z X W 1Bl 7 v 7 Liz, TS0
A1, 10% goat serum F 7=i% horse serum |2 LV 17 v ¥ 7 &1 T 72,
Ty X7k, —IRPUKR (B . M.O.M protein concentrate % PBS CTHR & 72
T7 0wy % TR 2 AT 4°C T—BAUG S E o, £ DOk, ZREUA (B
M.O.M protein concentrate % PBS THIR E 721X 7 = > ¥ 7 Hl) & LRFHKIG S
7z, 23T, Hoechst 33342 (2 L ¥ YLt 21T - 72, Yetat% ., Fluoromount (7K
WIEBIAEAM) THEA LT

— WP IZ X, mouse anti-rhodopsin antibody (1:1000 dilution; Millipore).
mouse anti-Chx10 antibody (1:200 dilution; SantaCruz), mouse anti-Pax6 antibody

(1:300 dilution; Abcam). rabbit anti-lba-1 antibody (1:200 dilution; Wako). rat
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anti-BrdU antibody (1:200 dilution; Abcam). sheep anti-progranulin antibody (1:20
dilution; R&D) % V7=, “RHFUKIZIZZ L4 Alexa Fluor®488 goat anti-mouse
lgG. Alexa Fluor®546 goat anti-rat 19G. Alexa Fluor®546 donkey anti-rabbit IgG.
Alexa Fluor®647 donkey anti-sheep 1gG (Thermo Scientific) % f\v 7=, 7=, —&
PAZBRW 2T 4 T ary be— Va2 HE L,

gut, LUl iE S — = o RPESEE (BZ-X710) F /2 iddhE L — —E48A
%45 (FLUOVIEW FV10i; Olympus, Tokyo, Japan) % N CHgE L7z, fRARRE
/> 500, 1000 pm DALE £ 72 1T R ImEHENIZ 35 1T % 211.968 pmx211.968 pm @
PR L, BREEHEIPHICE £ 5 BrdU BtEfilascE 7213 BrdU & Chx10
O _HGHEMEEE N UER L, TR EBEARIHZY (Imm) s L

THEHL,

2-4-4 T = AH Ty M X DA

~ U AMEEERH L, v 7 0 F 2 —T ORI ANREERE L., oL
(35 X7 ERi £ T-80 °C 1T/ AF LT, & v /X7 BRI Maia ik & L
C. protease inhibitor cocktail, phosphatase inhibitor cocktail 2 }2 O 3 % & ¢ RIPA
buffer [50 mM Tris HCI (pH 8.0). 150 mM NaCl, 0.5% 7 4% 22—/ Lfig)
7 2, 0.1%SDS. 1%lgepal CA-630] % 100 uL A\, "€ F A ¥ — (Physcotron,
Microtec Co., Chiba, Japan) (Z k¥ 30 Bofmkr:. BEI LTc, ZD#k, 20 53fH
K ERE S, 12,000 x g, 4°C, 20 s filiz Do L7z, s OB L7z BiFZ
B L, Z o7 ERR E L,

SDS RYUT 27 UNT I KTV EKENEEEICE v b L, AasICUKE Rk S
(25 mM Tris. 190 mM Glycine, 3.5 mM SDS) % AL, #/LZ BV {-71) 7= vk dhis

EICR LT, KEEEEO IS b IkEAEE R Z AN, 1 V=140 ORINE
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I fE~—D—%5uL, £V 7m0l & Lz, Vo7 aiRng. 7
VIHCHTZ D 20 mA TukEh L7c, vkE#:, Z7/1 % cathode buffer (25 mM Tris,
40 mM 6-aminohexanoic acid, 20% methanol) (Z 15 /3ffig L7z, EEEIL, A ¥
J = 15 BfNR L, Bk 15 3 fEliR L7z, & dD%% . anode buffer 2 (25 mM
tris, 20% A % / —/)V) |2 20 7[R L7z, Btif] 2> & | anode buffer 1 (0.3 M tris,
20% A &/ —)L) 1Zi% L7z A#&, anode buffer 2 1237 L7- Ak, 55, 7L,
cathode buffer |27z L 72 AHEDIEIZ LA, 0.8 mA/em® DSl THEG L 1=, 5544
0.05% Tween &4 0.01 M TBS TA 77 & ¥E L. Blocking One-P IZi% L,
30 7 v v %7 Lz, 0.05% Tween TBS THEE#% . Can Get Signal Solution 1
T—RYUAZ AL, 4°C T—BESUS SH 72, 0.05% Tween TBS T4, Can
Get Signal Solution 2 T _kHLAZ A L CT=IRT 1 FEFE SH72, 0.05%
Tween TBS Tty L7z, A L/ AFZ—LD IZ 5 mMiR L7z, £D#%,
LAS-4000UVmini (Fujifilm, Tokyo, Japan) Z W CTHiH L7,

—RPLARIZIE, mouse anti-rhodopsin antibody (1:1000 dilution; Millipore), mouse
anti-Pax6 (1:1000 dilution; Abcam), mouse anti-GS (1:1000 dilution; Millipore),
mouse anti-calbindin (1:1000 dilution; Abcam). mouse anti-nestin [1:200 dilution; BD
Biosciences (San Jose, CA, USA)] . mouse anti-p-actin (1:2000 dilution;
Sigma-Aldrich), rabbit anti-1ba-1 (1:200 dilution; Wako), rabbit anti-GAPDH [1: 1000
dilution; Cell Signaling Technology (Danvers, MA, USA)]. sheep anti-progranulin
(1:200 dilution; R&D systems) % HV 7=, —IRHuiRIZiE. Horseradish peroxidase
(HRP)-conjugated goat anti-rabbit IgG (1:2000 dilution; Thermo Scientific) .
HRP-conjugated goat anti mouse antibody (1:2000 dilution; Thermo Scientific),
HRP-conjugated rabbit anti-sheep 1gG (1:2000 dilution; Thermo Scientific) Z Hv 7=,

& NI ORELGREE X, Multi Gauge Ver3.0 (Fujifilm, Tokyo, Japan) % fu»
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THAT LTz, AN FORBE B L, @4 Oz Rl L,

2-5 HEEHFHIRAT
TR T Y EHERERR 2 Tor LTz, MEH R e lbBX,. SPSS (IBM,
Armonk, NY, USA) % F\ T Student’s t-test & 723 Dunnett’s test (Z L V17> 7=,

JEBRRN 5% AR 2 AE AR & L,
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FeBLK ORTEDZEAL,

AHMERIC BN T 7 7 ) T, A% T BEICEINT 2 Z LR ahTn
% (60), AFEROFER L, 70/ 7 =a U CORBIENED L HITEHEL T
WADPRETT 72012, I7n 7 T7~——Thb Ibal &7 vrTF7=a
YOFBUCOWTHFI LI, V=AZ 7 my FORRNDL, lba-l &7 r s
T=a JrOF R FRBIRAEK T HBIZBWTHEML TuWwe (Fig. 28A, B).
REGEOFRERPL S, MERTEb T A2 7y NOREREFHEBE LT, 4
%7 HHEICHR ORI L T2 (Fig. 28C), £7- Iba-1 Btk 7 v 7' U 7114
EANJEIZREL, 77 7 =2 ) VamBEL TN I ENRINZI LD
MR EHICBW TR /el U T ~07n 77 =2 ORBENRE ST,

A B

Postnatal age = —=—|ba-1
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o
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: 8
Progranulin ool 2
GAPDH E E 0
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Fig. 28 The expression of Iba-1 and progranulin in retina at postnatal day 3, 7 and 14.

(A, B) Western blotting results show the expression of Iba-1 and progranulin during the postnatal
development. Typical bands and quantitative data indicate that the expression of Iba-1 and
progranulin is significantly increased at P7. (C) Immunostaining of Iba-1 (green) and progranulin
(magenta) demonstrate that Iba-1" microglia is increased at P7 and express progranulin. Data are
the means + S.EE.M. (n=41t06). ™: p<0.01 vs. P3 (Dunnett’s test). Scale bar =20 pm.
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3-2 B OMIBERTENMIL & #EESH L~ — B — DI B L

27 a7 T OBEMBREETA O E ORI XIS 5 D7 &R 57z
DIZ, MEFTEE LD~ — 7 — L RO~ — 1 — 2 W T, ZOABRDIE
BEZ R Uiz, MEmEMao~—5—CTH 5 Pax6, nestin 134 14 HH
(2 L, MR O~ — A —Td 5 rhodopsin, calbindin, GS (Z 1L E A
fa, 7~ 2V U, R 2T — ) T O~ — B —) [XBEEEICEM L7 (Fig. 29),
AAERNS . A% ORI OMEIZAE®R 7 BED 14 B HOMICKE
L2 LR SNz, EORERNS, I 707 ) TI3A% 7 B B £ TORE
(CEIN L. o T SEEFEICAT H 2 D& EI 2 H - TV D Z ENRBE LT,

Postnatal age
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nestin | . s Lo —=—nestin ¢ o —=—Rhodopsin **
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B-actin -.-

Fig. 29 The expression of retinal precursor cell markers and retinal cell markers at
postnatal day 3, 7 and 14.

Western blotting results show the expression of retinal precursor cell markers and retinal cell
markers. Retinal precursor cell markers (nestin and Pax6) are decreased at P14 compared to P7.
Retinal cell markers (rhodopsin, calbindin and GS) are increased at P14. These markers indicate
the photoreceptor cells, the amacrine cells and Miiller glia respectively. Data are the means +
S.E.M. (n=4106). ™; p<0.01 vs. P3 (Dunnett’s test). Scale bar = 20 pm.
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3-3 X7 w7 U7 OIS HEERTER MR & IE T

LPS DERENIR G XD . M=ETH T, M2 R 7 a7 U 738, #hiek
FAEMEESND Z ERHESN TS (68), AillrAR % HW T, LPS 51
F ORI 3 T b PR T A B ONRITBIGHE el B R ARt S A 2 232DV TR
L7z, 1% 3 HHOfF~ U A2 LPS ZEHENE G- L, 7 A HICHEEE > 7Y
> 7 L., FHfi L7z (Fig. 30), 7eds. HIEMINLOZ L ZFET4 272012, %3
HHE2S 7 BHBIZNT T BrdU I8N G L7z, LPS OF 51X, HEEEI 7 =
7V 7 &7 (Fig. 30), 7. BrdU B oA E T LPS B 512 &
DN L7 (Fig. 31), % @ BrdU FEtERaIE Paxe &3S s Z & h . il
Bl CdH D Z R I 7 (Fig. 31), LA EDOFERMMG, LPSIZI 7 a7V
T NS, AR O A RE S E D T LB N E o T,

40 #
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. S .9
: 23
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L —— 3 8=
|| L g =2
0
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Fig. 30 The increase of retinal microglia by LPS treatment.

LPS is injected intraperitoneally at P3 and BrdU is incorporated from P3 to P7. Retina is
evaluated at P7. Immunostaining shows Iba-1" microglia (red). LPS treatment increases the
number of microglia in retina at P7. Data are the means + S.E.M. (n=4 or 5). *; p < 0.05 vs.
control (Student’s t-test). GCL: ganglion cell layer, INL: inner nuclear layer, ONL.: outer nuclear

layer. Scale bar = 20 pm.
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Fig. 31 The increase of proliferative precursor cells in retina by LPS treatment.
Immunostaining shows BrdU™ proliferative cells (red) in retina at each area from optic nerve.

LPS treatment increases the number of BrdU™ proliferative cells in peripheral area. Increased
BrdU" proliferative cells are expressed with retinal precursor cell marker, Pax6. Data are the means
+S.E.M. (n=4or5). " p <0.05 vs. control (Student’s t-test). GCL: ganglion cell layer, INL: inner

nuclear layer. Scale bar = 20 um.
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3-3 X7 w7 U7 OB DSHEERTER MR & IE
PLX3397 X colony stimulating factor 1 receptor (CSF1R) DL EMRTH 5,

CSFIR 17 v 7 U 7 OAFR EICEET 5 7 F 1 THY (73). CSFIR [
FHITH D PLX3397 OFGIZLY . WMNDOI 7 a7 U 7R3+ % 2 L2V
HINTWD (74), AWFFETIEL, E%Z OB HENS 7 HHETPLX3397 # 1 H
2 2 EIERENE G- L, BrdU 124% 3 HE2 S 7 HH £ THEENES L= (Fig.
32), PLX3397 & 512 LV, IEFRIERELZIRD Iba-l GEI 7 2 7 U 7 H3EA L
7= (Fig. 32), F£7=. Iba-1 FEMEMifa%lE, PLX3397 1 mg/kg D& EIZE Y, HE

(B L7z (Fig. 32).
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Twice daily ¢
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2 _ 40
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25 30
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Fig. 32 The decrease of retinal microglia by PLX3397 treatment.

PLX3397, a colony-stimulating factor 1 receptor (CSF1R) inhibitor is treated to neonatal mice by
intraperitoneal injection (twice daily) to deplete microglia. BrdU is incorporated from P3 to P7.
The treatment decreases the number of lba-1" microglia (red). Data are the means + S.E.M. (n = 4).
* p < 0.05 vs. control (Dunnett’s test). GCL: ganglion cell layer, INL: inner nuclear layer, ONL:

outer nuclear layer. Scale bar =20 pum.
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PLX3397 % 5-1%. BrdU [ EiEMAnE 2 W) S ¥ 7- (Fig. 33), 72, 2D
HFEA ISR T 2 2 & 2 MR 2 T OICHIBRMIL DO~ — I —Th %
Chx10 (Vsx2) & TrPax6 & BrdU #3L4uta 9% 2 &2 &L 0 3 L 7=, PLX3397
DIHIZ LY | Pax6 & BrdU O WML L, Chx10 & BrdU O 5
iR L= (Fig. 33), LLEDOFER S, PLX3397 (X370 /) 7 &l &
. AR O¥ERE 2 IS S Z E R b E Ao T,
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Fig. 33 The decrease of proliferative precursor cells in retina by PLX3397 treatment.
PLX3397 decreases the number of BrdU" proliferative cells (red). PLX3397 decreases the BrdU
and Chx10 or Pax6 (retinal precursor cell markers, green) double positive cells. The quantitative
data indicates the decrease of BrdU and Chx10 double positive cells by PLX3397 treatment. Data
are the means + S.E.M. (n = 4). *; p < 0.05 vs. control (Dunnett’s test). GCL: ganglion cell layer,

INL: inner nuclear layer, ONL: outer nuclear layer. Scale bar = 20 um.
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35 7 w7 U7 ROMEERBSRICKIEST 7 r T =a ) U REORE
HE ChbIR_oL o, 7urT=a ) I r/anl ) 7T olEEICEEST5
(72), 22T, 7u 77 =2 Y REFTTIIMEENDO I 7 a7 ) 7 OB IIE
TTCNLZENEZILND, ZTNETORFEEAMZ L D7-DIT, E&RTH
HO~ U2 MWl 21T o 70, BARTIIT w7 I =2 OB,
FEZRBWTRRD B, FHII 7 a7 U 7T TOEBERNRD 5T (Fig. 34), 7
R 7 =2 ) VRE~YU AT, MENTTr T =2 ) OB
ZHER L (Fig. 34), X512, M 7 v 7 U 7 OB RERD Hiviz (Fig. 34),
INETORENL, 277 )T O, FHROBD 285 Z &85
AN, T T =2 RIS T AT [RRR IS ABIHA A3 8
THMMIZONWTHREI LT, 7/ 7 =a U R~ TR L, MEFSGRO~
— B —"To 5 Pax6 MM B L= (Fig. 35), A EDOFREEREN NG, v s
T=a Y AEI a7 ) 7 OMEE~OWEEZ I LT, B OE A FHET LT
WhHZENRIEI N,

120
100

N b O
o O O O
T T T T

Iba-1/

% of Iba-1 immunoreactivity

o

WT KO

Fig. 34 The decrease of retinal microglia in Grn™" mice.

Progranulin (magenta) is observed in microglia and inner retinal layer in WT retina but not in
Grn™ retina at P7. The number of Iba-1* microglia (green) is decreased in Grn”™ mice. Data are the
means + S.E.M. (n =5 or 6). *; p < 0.05 vs. WT (Student’s t-test). GCL: ganglion cell layer, INL:
inner nuclear layer, ONL: outer nuclear layer. WT: Wild-type; KO: Knock-out. Scale bar = 20 pm.
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Fig. 35 The decrease of retinal precursor cells in Grn™™ mice.
The retinal precursor cell marker, Pax6 (red) is decreased in Grn”” mice. Data are the means +
S.E.M. (n=50r6)." p<0.05vs. WT (Student’s t-test). GCL: ganglion cell layer, INL: inner

nuclear layer, ONL: outer nuclear layer. Scale bar = 20 um.
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Fig. 36 Summary of progranulin deficient retina during development.
During development, progranulin loss caused the abnormality in retina such as astrocyte activation,
RGC loss, microglial loss, retinal precursor cell loss in INL and impairment of photoreceptor
maturation. Progranulin may have the potential to regulate the balance in retina. GCL: ganglion
cell layer, INL: inner nuclear layer, ONL.: outer nuclear layer.
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