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Clarification of the mechanism of axon regeneration via choroid plexus
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The purpose of this study is elucidation of a mechanism of neural
regeneration of injured spinal cord via choroid plexus for clinical application. In this study, we
clarified the followings. Firstly, the characteristic difference between the choroid plexus
epithelial cells from 4th ventricle and lateral ventricle. Secondly, the response of the choroid
plexus to spinal cord injury in vivo. Lastly, the effect of soluble factors secreted from choroid
plexus epithelial cells on neural regeneration after spinal cord injury. Briefly, the conditioned
medium from choroid plexus epithelial cells contributed the axon growth and remyelination by
oligodendrocytes, which leads to the recovery of the motor function after spinal cord injury.
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1. WFEBRAE 4O 5

BN ENITHAE 10 T AZ B2 5 BEMBEERENBY . BEWBLIZ X - T AR+ 4LRE
RS TV DD, BRIRERIEII RIS SN TE 59, Mk L IXRR 28805 OIRIFE
DORRFEPMLETH 5H, HiEE OITF 2 ORER T2 5 LMK (CSF) & A LTSRS #
2l (choroid plexus epithelial cell, CPEC) (& H L. FHEEET VT v NIkl LT CPEC
B2 DREE EEOBRGENENTHD Z EE LML T&EZ, —~J7T.PBS DA%E&EE LT
ay ha—ABETH, BER T COMREAEIIROND Z ENGho Tz, ZDOZ &I,
AR S A HERNZR > TWA Z EERB LTS, ZE TOHEN L FHBEGRIZR
WEHENTCRE AN L TWA Z LR o TW=D T, CFS ZPE4E L TW% CPEC 2NEH
GIORE L TCHEHARNO iz H - TWNDEEEXLNDIMN, TDA =X LTHN> T
o7,

2. Lo HB

RO X9 R AR E 2T, AR TITERIEERICI Z 5 CPEC DIREEFI~5H Z & T,
CPEC #J LT EA W =X A0 —uiaH 6N L, BHEHARDZFRH Lz, MiaBis
WL U W AR RIR OB 1= 72 TR BT Z L 2 HAE LT,

3. WrFED ik
(1) Mijarsz

CPEC D EAMfE - WIREERIT. 3~4 B0 T > b ORIINER L OFEIURNE D S RG22 BRI L .
ERAFL%, RY-L- VY a—bksL7=T 4 v = BT 10% FBS &4 DMEM T L7-, &
7% (CPEC-CM) &, MEMEEHICAZH L T24h & L< 1T 48 h L 0EF 2 BN U, 304 B
O EFEEEINT S Z & TR L7,

Za—r RZEOMOD 7Y T MO HEE - FIREFE I~ U A THESL LT E 72 575 (Kanekiyo et
al. J Neurosci 2013) %7 v MISH L TITo7=, B4 5L, =a2—a 0L SD 7 v b OEHALT
DWFEMNS, 7 U THIFIZ RS, BEEEOE D, BEARE LD, V7 F o= %7
UTHlaEHBEL, FNFENEEE TS L,

() FHEEGET VT v FOIER

8—9 MDA AD SD 7 FZ New York University impactor % W CIEMBEZ 525 2 &
THMHEETT VT v FEERL L 7=, CPEC-CM O 5.1%, HBIEEEZNS ., BBER 72N
THVUME SRR T 1 B LT 2 BChl-> TR G5 Lz, 2> ha—L#fic
/X DMEM DA % [FIRRIC 5 UTc, EHEEIKEEDOFEMIX. Basso, Beattie, Bresnahan (BBB) A 217 %
Tz, MR OFETIX, 4% PFA IZ X DEDREER ., 30% A7 m—AEHRLUT-MfkE 7 ) A A%
v BT 10 ym EOLEIFIZL, 7V A a— AT A KAFT A (Matunami) (ZR5Y 1572, D
% FHEPUAR & O T2 S MR L 2 e 00 HE Yoo 2470 R FRBAMEE COBIE 21T - 70, 72,
—EBOEMAIL 2.5% GA,2% PFA/PB CEE L, & 1-BEMMEE (H-760, Hitachi) TOBEZ{Te -T2,

(3) fE Rk LY

HAREEI 2% LT, 0.3% Triton X100 Z s/l L 7= Blocking One Histo (Nacalai) # MW\ T, 5—
10 min B L 71w & T AT o7z, IRWT, —IREUEZ R T B, “kikz=
7T 30 min SO S/ 72, #2546 D 72 912 0.3 uM DAPI (4.6-diamidino-2-phenylindole dihydrochloride,
Nacalai) % “IREUAESHRIZEIN L TS S8 70, — kPR & ZIRPURDAIRIZIL, Blocking One
Histo % PBS T 1/20 {24 L7= 4 D % v 7=, Fluoromount/Plus (Diagnostic BioSystems) % Fu>
THIN—TT A% T -tk SEHEE (Axio Imager M1 utilizing AxioVision software, Carl Zeiss)
TN LTz, BUSHEIE O E RMHTIZIE Imagel software (NIH) % FV N7z,

4. WFIEERH
KR TEONT-EL OF —ZIIRFEERZOFMATRT S 2 LIxTER0n, Bohl-k
ROWELZ LI TITHET 5,

(1) JR#&HE BRI (CPEC) DB DT

ZNE TOMZETIL, FEIURME & IRME sk CPEC % X188 T 10% FBS %A DMEM
(High-glucose) THi#E L T2y, AWFFECTILEE IUMNE & RN = f >k D CPEC OMEE OEWE T
BT 5 Z EEZEFICANTW DT, FENETND CPEC D EmbE&ELM 2t Lz,
flix DFEEAREHSOT 4 v aDa—7 o 7, MIERES 2 LR, W oM Hsk
@ CPEC % poly-L-lysin =— h®DF ¢ v = T 10% FBS &4 o-MEM %\ = b O A3 b 1Y
FENRS | JPRERM R a T 4 v a VHED oD T, I EEEREESRE L,

(2) Invitro TOFEIUKEH K CPEC &AM CPEC D&\
F9°. FHEIURNE ok CPEC & IIN=E F 3k CPEC D&\ A A S 24 5 72912, Bl L 7= fefiks
BERUETENENEZEE LT, 7, MR LT FETE VX7 B L)L TORE 2 DK



DFRBAOENZ LG LT, T OFER, B & Z LIz, MIINEH KOG # RO 2 <
IR~ —H— L LTHIOBND Sox2 ZFHL L TV, FIUMNE kO RS 2 Rz iai
Sox2 # &L FH L TWironolz (K1), 202 &L, NM=EDONRSE FEMIII s {biEZ R -
TORBE T L. BHEEE 72 & O AR ORI ERFC B BOEALIZIEAE L, SEE Mz e
HZLTHEBEDO MEH-TWAH I LERBEL TS, O EFIET D 72012, HHEEIZ
DWW TCIIERAE in vivo TRREFFTH 5,

WA, HIFRESFEAREIC DUV TR L7, 12-well plate 1T, Z5PUMMER & MR H SR D IRi& #5 R
AR & A Z AR L R bs e ChEaR U, RIS 23 L7 & 2 A, SBIUN=E R kD
JIRHE 3 b Bz AR 00 5 ASBEZE IS HIBRBEIE N B o 72, & BT, B B I ko THISERE A a4
572 WST-8 & HW = b ERBIEIC K VT 24T - 72, ZORER, FIUMNE R RO RS # FRE
MIROFERNTINOHA I T THRAREREN -T2 D AIAKNE B R R0
JiDNEETERE S EVN T & 3o h o 7= (datanot shown), ANz T, EERISHIA#E~— B —TH 5 Ki-
67 DI A PSR L > TR L= & 2 A, S0lE 0 5 DU s H 2k O Ikis 35 b Bz i
DFFH Ki-67 BN Zbndz (M2), b0 Ean, FHIUAME O RS 3 B R
e, AR SR ER S RAs 55 - ROMAR & 0 MRS SHEE S @V 2 L by o T, BIURNE OIRKE #E I Z
NWBED T 5O TIERL, EATHIRER T %25 L CTHIREMRROFAICTHE L TnD Z
EWRBE SN, ENEI LT 5701, BIE, MR # R AR FEAE T B IRMER 712>
WCEB T LUL & R L~V CHERIT 2 D TV 5,
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1 A% =E Hi ok CPEC (LV-CPEC) & MUK =E H

2 AIAK=E 1 2k CPEC (LV-CPEC) & 55U i =

3k CPEC (4thV-CPEC) @ Sox2 D ¥

A. PLL ==— bk L7~ 8-well chamber slide FIZ
LV-CPEC & ) 4thV-CPEC % 8x103{&/well 9"
FEfE L, oMEM I CEZE L7-, | H%. 4% PFA
EE L, Sox2 (fk) 12k L CouEiia by
BT o T2, YL DAPL(E) TIT-o7-. i
FfHZE (Phase contrast) CIEYLta O AE 4 % Hx
2 L7-, Bar=100 ym.

B. LV-CPEC (m) & 4thV-CPEC (o) T Sox2
BiiE 2 3 B O FHHI L, £ (i) &
DEIGER Lz, £2. FHEOERERZ%
~L72, (n=3) *p<0.01 vs 4thV-CPEC.

& CPEC (4thV-CPEC) O Ki-67 F&H,

A. PLL ==— k L7 8-well chamber slide Fi{Z
LV-CPEC } U 4thV-CPEC % 8x10%{i#l/well 9"->%%
Fil., oMEM HCH:#E L7c, 1 H#. 4% PFA
E L. Ki-67 () 1Zxf L Tttt %
1To7-, BYufald DAPI () TITo 72, (ifiz=
(Phase contrast) “CIEG 4 O i % ks L
72, Bar=100 pm.

B. LV-CPEC (m) & 4thV-CPEC (o) T Ki-67 [%
PR Z 3 I OEHAIL . B (i) & o
EBEER LT, Fo, EHRVEERFZELS R L
72 (n=3)

(3) In vivo TOHE UMK ENRKG#E & AN SRS HE DE

Invitro DFEFRZ 51T, A RN & 55 TUAK = R RS #5 LR AIZ O in vivo TOAERHY 72
EWEFRD20IZ, IEH T > FOMOBFEO Iz oW THREMR L SR 2T 21T o 1o, D
R, EWT7 vy PTIIWTNOMEONKE#E LM LIZE ARG~ — I —%2 B L TE

59 EEO EAGHIRAFEH L Te, IS,

FEBNED LT,

SSEA-3 (Xl = DR#E 25 b Rzl oo —HE ¢

I, FHBEGICL D8R0, ERBGEEZE 2727 v FOROBREYFIC OV T



AL R 72 T 24T o 72, Z OFER. Sox9 1L MM O RS # _F R AIIIZ RIFRE R B GO D
iz, —H T, SSEA-3 ILHIUMNEE X 0 HAIANE O RS #5 LRI CRELNEI LT,

INHOZEND, invivo THHEMEEGZITHINEOIRKEHE LR TRME~—I— D3
WREWNZ ERXbhotz, A, FHEG)S 6 B (1BMHH) O v SOOI %7t Uiz
W, Ak I, AMEHOFREE 7 v M LTI 5 2 & TR 7RIS 5 _E RGN O S A
EILIWZHAOMNIL TV FETH D,

4) FHBEEGET VT v MoxtdT DAk % BRI O85# EiE (CPEC-CM)DZIFR & D A 1 =
N

RAE # b R A O 43 s 2 K- 23 R 15 ;

CRETIEE 2D A D= X BEH ST 10 *
LEHBT, JEREEET VT v MCIREE L
R o553 3% (CPEC-CM) % M Bk fe
HCRpe & G- L. RREFAYIC BBB A =22 7 R IZ
X DATENIRAT I K OEAGHBE ORS00 72 iR
Wr 24T o 7o ATEVRHT DRGSR IRiS B RGHi
DR EiEZ &G L-fECliday b e —Lif
WCHANTHEIATHOREN AN (X ‘ : : ‘ ‘
% gi&ﬂ%ﬂffg{gﬁ?fﬁ{zfiﬁ@ﬂ%gﬁi%‘ CII:EC%C M ° We;ks after tr?e start ofsadministr:tion °

ECIEHEREREH D REENEE

12 < 72> T/~ (datanotshown), & 512, FF 3 BBB A =7\ & B TENEH

AR O BEES 2 FH - 5B CPEC-CM & 5.1¢ JEHHBEEETT VT v MIARFSE b REMa 0553
CTHZICEBMBRENEG L RoTWWE (K4), = i (CPEC-CM) ZINFEMESEH CTkE L, #
NSO L. CPEC-CM XN EThho A BBB A a7 2 X ATEFHI A T >72, = |
TV = o —1 L ORI EZEET 5 EH 2B E O DMEM % e,
PR, BEOEMLEET ER AL Fo. PHRUERERFEZZTR LI, (n =8 for
TWDZENRH LN~ T, FAEZ O DMEM and 7 for CM). 'p < 0.05.

DTy 2T I L > TR ESND Z

ERDNPOTNDLDT, val MO Z T~ TSR, CPEC-CM & 5-8£ & =2 o — LR
1273720y - 7= (datanotshown), ZDZ &35, CPEC-CM XY =2V UHIA Tl <, 4 ) 25
Y RuetA MZX DB 2T ET 5 2 LRI T, BE, MiRCHMaLs#% % C CPEC-
CM RERRICA Y I7 > Kat A MRLEORIBEIBIZIER LTV a0 E 2 it Ch 5,
AWFFENZ &> T, IRiSEE ERGHIRORMEIC L2 ME 0@, FRHREIC T 205, DT 5
IR - D EREEEGIRFRICEDITH Y | SR O IRET D 2 EBRH LN oT, 5% S DI
FEMIZREAT 21TV B DA NCE B EIREAISH T DITIRIRMER 12 £ 5 5 2>, NER 7R
WHEE EOEML ST ERED TITL,

CPEC-CM, |
1 i.c.v., 10 ul/h
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4 BEENC T D BERE

JEHBIEET VT v MIARKSIE ERGIE O 8:#E % (CPEC-CM) % M i c& 5L, 5
HM%ICEE L CTER L 28 ic >0 TS b 2 s X 2 247-72, 2> bm
— VBRI 7S O DMEM % #%5- L 7=,

A. CPEC-CM B£lZH>W T, 7 A ha¥A h~—Hh—Th 5 GFAP & &fillj~—H—THh 5 MBP
T EYsA U7 Eig, GFAP [@h ) 7 AT LTV 5,

B. A O AHROFEFHAZ YLK LI,

C. SR OEIG 2L L= T 7, HBIESTh OB EZ TR L TW DD E
EERBREE (GFAPAME Y 7) OmEIC GO 54 MBP BT Y 7) W TRLT, (=
8 for DMEM and 7 for CM). “p < 0.05.



4 4 2 0

Nakano Norihiko Kanekiyo Kenji Yamada Yoshihiro Tamachi Masahiro Suzuki Yoshihisa 1707

Fukushima Masatoshi Saito Fukuki Abe Seiya Tsukagoshi Chihiro Miyamoto Chimi lIde Chizuka

Structures of filum terminale and characteristics of ependymal cells of its central canal in 2019

rats

Brain Research 208 215
DOl

10.1016/j -brainres.2018.11.038

Kanekiyo K, Wakabayashi T, Nakano N, Yamada Y, Tamachi M, Suzuki Y, Fukushima M, Saito F, Abe 35

S, Tsukagoshi C, Miyamoto C, and lIde C.

Effects of Intrathecal Injection of the Conditioned Medium from Bone Marrow Stromal Cells on 2018

Spinal Cord Injury in Rats

Journal of Neurotrauma 521-532
DOl

10.1089/neu.2017.5201

Kanekiyo K, Nakano N, Homma T, Yamada Y, Tamachi M, Suzuki Y, Fukushima M, Saito F, and lde C. 34

Effects of Multiple Injection of Bone Marrow Mononuclear Cells on Spinal Cord Injury of Rats 2017

Journal of Neurotrauma 3003-3011
DOl

10.1089/neu.2016.4841

Ide C., Nakano N, Kanekiyo K, Yamada Y, Homma T, Tamachi M, Abe S, Miyamoto C, Tsukagoshi C. 16

Effects of trophic factors on the treatment of spinal cord injury in rats. 2017

Aino Journal in press

DOl




16 0 1

Kenji Kanekiyo, Norihiko Nakano, Seiya Abe, Chihiro Tsukagoshi, Chimi Miyamoto, Chizuka lde

Effects of Conditioned Medium from Bone Marrow Stromal Cells on Rat Spinal Cord Injury

41

2018

Nakano N, Kanekiyo K, Kunii S, Morimoto K, Omae K, and Ide C

Analysis of neuronal cells induced by low adhesive scaffold collagen.

91

2018

Kenji Kanekiyo, Norihiko Nakano, Seiya Abe, Chihiro Tsukagoshi, Chimi Miyamoto, Chizuka lde

Therapeutic effect of injection of conditioned medium from bone marrow stromal cells on rat spinal cord injury.

91

2018

59

2018




40

2018

2 Glycoleague

2018

18

2019

124

2019




123

2018

17

2018

1 Glycoleague

2018

Kanekiyo K, Nakano N, Suzuki Y, and lde C

Therapeutic effect of multiple-injection of bone marrow-derived mononuclear cells on rat spinal cord injury

Consortium of Biological Sciences 2017

2017




Sakuda K, Kitazume S, Kanekiyo K, et. al.

Analysis of astrocytes with brain specific branched O-mannosyl glycans in demyelination

Consortium of Biological Sciences 2017

2017

Kanekiyo K, Nakano N, and lIde C

Therapeutic potential of choroid plexus epithelial cells for spinal cord injury

International Symposium, Systems Glycobiology and Beyond, —Toward a bridge between fundamental research and applied science

2017

Kanekiyo K, Nakano N, Suzuki Y, and lde C

Effects of multiple-injection of bone marrow-derived mononuclear cells on spinal cord injury of rats

40

2017

Nakano N, Kanekiyo K, Nakagawa T, Asahi M, and lIde C.

NTAK/neuregulin-2 secreted by astrocytes promotes survival and neurite outgrowth of neurons via ErbB3.

40

2017




2017

Bio Clinica

PCT/JP2019/003502

020197151450

(lde Chizuka)

(Nakano Norihiko)

(Suzuki Yoshihisa)




