2 S /D BOSO B

B SRR E A&
[EEFXN TR REE (BRREFEESEF)
FHBEAR~ALTF I T —bF ¥y x v RV VU BETF

AW REFANE
(H2 12— 0 0(8)

TRk 2 1 5EE~2 3FEE REMERESE
MEREE EH BX

VRouM%(2012) 4% 458



A R S B B &
| BEEAERAIREE (REBEES)
AR~ VT T —{bTF vy RV VU BEF

AW SRR AN
(H2 1 - ——#%—00 8)

WAL 2 1EE~2 34EE RENRREE
MHEREE BH EBE

k24 (2012) 4 4K



I gewess 1
R~ ALT I T —(bF ¥ 2o R U EBETFE RO REEANZ
WroeREEE B HES (EBR= SR HERE)

Wroe R EHAF (REPREZE SRR
AR ZERL (RFEPLESERHFZER)
HER (REBRAE MR FER)

FHIET (ENESHEHE RS
1. FRBEROTTICETs—%E 13
RO st g et T 1 A — 19






BEAGBRZFREMBE BEENRREAMAEEE (REREELS)

(HE) FRmEE

PR~ NAVTF I T — b F v xu RFL U BEFFAVEEEEANE
EEREE - BH B ERESWEREERE ik

MEEE

—HRWFICED & ZOUEREE T 2 F BTV, Firld, BV 2 B HIE 2 1E
DT Z LR BRE LT, Y 7 3 RET AOBEEF (ChR2) & AW 7= H1E F4E 0 7= 8 O s 1+
BREZHET LT D, AIFFE T, ChR2OMIRFENIT L - TEHILAREEEE I S it
D&, ROLVICEBEFEANCLZEERZHN, BRICHOFTEMZHGNIT A2 2 HIY
LT3,

ChR2 Z B hh iR B AN IS RF RGBT 2 T o AV 2= 2 F v FChR2V-TGT v N %
MWT, ChR2IZ L » THLNHERFFEIC OV T TZRER, H6 GEEA : 460nm) [CfRES
D&, B & RS 22 R B SURRE S S AL, ChR2 D MR M~ (5 T8 & - C i
IRHERE DS E L D ATREME SR STz, AAVAY & — 3 AUWEChR2DIE B RS2 36 HI2 L » T A
SHISNDAEMIL. 2FEMOBIERMAE L CBES o7, £72. ChR2D ¥ R
PERTHEICIRE SN D72, BTz lBIEWVEREZMEEFF>F v 7 n F7 Y U (mVChRY) & 1E
WL, ChR2LEZ D | BEICH L OB Z B> 2 L 2R L,

PEDX 51z, ChRZOBEFEAIL > TEERREMESNDS Z &, \EELRBERNRS
NI EDTRESh, RREEREDTZODBLETRRIEL RV ZAZERH LN E o, &
7o RIEWEERRZMEERFOF ¥y 3o R UV ofIc kT, BORMITTERVNLDOD,

BRI TR BEEE L TURAICBLSTRESIRZ RS T& 5 2 ERENTE,

s

B OF KEBREFROERN - &R0
PR KFBRE S RTIR - B
FiF i KGR ETIER - AT
UL B I S RIS S R - Bt

A. BFEEH
M AR OB T REEREITB KA
4000 AZ— A, ANEIT4~5F AT 5 & HE
ESINTWA, MEEAFENE L REECHEA
PRI LD R E R TIRBCH DN HELE
PEiZ, 7 A U B TIEHRARIA o 1 (1AL
L. HARTHARErOMEITICHE, B
MDO—iE M- TND, ThbOEBIIHE
BENRETRIET S, BARRERBIZIEE
INTW5, BIZHEE ML < B8 mo
—iE R o & B TR ROREIRE 1 L A kB
ZMAZ B E, FIREIE O ITER 16000 A
WCHE L. RINCRT B H iR OB 3
HEEMEAG Th 5,
ME—OWEFAEE LT, R A L
RGeS N TR, TAU B, RA V&R
LMZEEERMFZEDM T T\ b, T b DOERE
o, MEZEROICETLZ ok -

THELEMZERENEOND Z LW LA
S TWD, UL, BN CIER T & 2 s
AL 1 O OfE, fe K TH 1 0 0 OMASREE
T, 1 0 0 EFTET 2 MR fi A O FRE
R CTE D070 Y ORE 2 A RE S B s
{27 o TETWWNA,

T THAISEBEE IV EEEL T v 2
o K72 (ChR2) #Efn-1 DO~ A
WWEDBRRHEERFIL T2, BEE T,
BIZE Ty PORRIEEZEESES Z LI
R U ATEN R ERN S EBICR L TWA T L
PR L TWA, LaxL., ChR2 O A
WL TEDREOBRNDNE LN D 008kl
HOROBZFZ BN TRE S E2EE 0ORIE
M, ZEMEIZSOWTERHATHY . & F~DI5H
WETC, 2N OEEFALMNIT I LEND
%,
AAFZECiE, ChR2 OEE FEAIZ L - T
GEONOERERERALNNCTEZ L D
NZEAR T X ARIVER 27~ BRI
HAOFREMEAZA ST A2 M ET
Do

B. #&EHE



LT3 maEEMseiiEe L, a7 -
770
1. ChR2 IZ L > THE BN HHRREE
2. W\ETFEANIL-STHEEZSHHENER
3. WEEZHORLRD ChRIZE > THELN
HHRRE

1. ChR2IC L » TELNIHREE
11, "5 2RV xz=v 7Ty MRV

%

ChR2 ZE AR ET LI R T 2 b T
VAV =yl Ty NEERTEZ EICEo
T, ChR2 O T OIS I H 2 BEE I ]I
B L UNChR2 I L » TE LD HRREE
ERARD LN TE D, R ET IR R
2 Thyl 7’eE—4—%fHLT, P72V =
=7 Iy NefERIL, Thyl 7 oEt—%—0
Tz ChR2 38 X T8 ChR2 @ C IZ Venus =t
BURIVBRAME LT T AI P74 —%fE
B ZHINCEAL N v AV 2=y Ty b
EZIERL U7, B DT R D> b I Ji A 12
OHRFEPROONLEEZEN L, BELZ
(ChR2V-TG), V&N AT hE—%—%H
W, ATEVERIC ZE RIS R E, = b T A
N 2 7=, ChR2V-TG 7 v h O #FAE D
B BRI A ST A HIT, e b 2
B, 12 B 5-10lux, 12 EFfE Olux @ BmgJE
HCHE L=, 3000lux, 7 H Rk ERES
EI{Totz, AL ER, A7 hE—F—2H
W TR R 2~
1-2. BEIEET7 v MEHWHE

#{ZE 7 v  (Royal College of Surgeons :
RCS 7 v MIZ.AAV R & —% T, ChR2
BETFEAEAL A7 b E—F—TCHEEINID
RHRE 2 TTEN RIS TR~ T,

2. BETEACL-THXEZ SNBEIE
A

RCS 7 v MZ AAV X7 Z—% H\ T, ChR2
R T AEA L, ORI 2TV, U S
EROEE, RIESG. AAV I LT ChR2 (Zxf
B TR 217 - 72, 2 EROBEDO%.
ARER A L. B T O B X OHERE
B O 8 2 e LT

3. HERSHORRS ChRIZE-THELN

LT
3-1.  WERIRLVER » 7 A ChR1 O YRS
P

TEHAYIC mVChRT % J8E14 5 fllakk % /E
3 A7- 2. mVChR1 Bz FB LU0 2
—avA YUMEBGEFE2ELTIAIR
Ry H—EER LT

(MVChR1-IRES2-puro), =L 7 bR L —
va Bl B HEK MR
mVChR1-IRES2-puro Z3#& A L7=, EAH,
Va—n<A gl TiEE, A
MR U, EAMRE DA Z BRI L7
(MVChR1-HEK), /Sy F 7 T 7FEIZEY,
B EE TR L= BRoEERZ 5 Lz,
FEELY R EDRIEER D BT,
MVChR1 12 Y% o R B R E& S8
FAI R Z—F{F LTz, =L 7 bR
b—va i L VEAL, BEBEMEET TR

EE IR~
3-2. WEBFENK Y7 AChRTEANT »
h R

RCS 7 v Moz EA LTz, A
%, REMICHARESREMEZREL, BEL
T RSEEMEREE SN TV A RN, &
7=, BABSAR v 7 A& VT, B oIEEIE
BRRBZ LI LT, A DIEE EFAN
Tre SBIITVENAT RE—F—FHN
T, {TEIFACBSRE OB 2 X, HF4
ChR & mVChR1 (Fr% ChR) DO#MRE %
i L7z, ‘

C. WrsekER
1. ChR2iZL»TH LN D EREE
1-1. F AV z=v 25y MW
7
R EIEO R EINFUR TH 5 Thyl @
Fae—F—ZFH LT, MR R R
iZ ChR2 2R BT AH NI AV z=v 7T
v hRfERILTZ, FTI VAV 2= Ty
b 7 RREFANTER, B4 TIEL R
FHIAE S A1C ChR2 OFH AR D b, &
a7y hEHAWT, ChR2IZL->TEDL
NARBEEMEZBRE Uz, BRSOz &
- ChR2V-TG 7 v b ORFTHMEIL ChR2 %
Bz 7 WEF AL o N & [RVEE o 22 A 3K
E, o VT A MEEEZ R L, —FH, R
WA &2 25t S 47 ChR2-TG 7 » FTid, %=
MRE ST AEMN RS THo =0
KL, = b T ANRERBEEICES L,
1-2. BERET7 v NEHWEHR

ChR2 &z +%Z2EAL7RCS 7 v MMZD



T, AT hE— 5 — 2 T, R E
& ATIFHOI T

2. BEFEAIE->THER- SNAFIE
M

AAV X7 7 — DR ~DEE#% 1B
WD RIESUEN N b0, &5 2
WHFHBITITIEREICEE Uz, AAVICRT 5
PR EH2 %G 2 » H%, ChR2 1244 5
UM O EFIE, 6 mw ARICBIE SN, £
DEFIT TR DO Th o7, -,
FHAE AR CoOMME OBIZE T L BEEALRIEH
EEONAFRIERO b ho iz,

3. WRIEZMOERRD ChRIZE > THLND
B

3-1. SRR ILER » 7 A ChR1 OV B
mVChR1-IRES2-puro iE{mFZE A%, Fa—n
v AU R ELERPUTHCRET A  Z LItk
ST, BIETEANS MO LN EE L, B
S L7c, mVChRI-HEK filiflaz H o 27 L— bk E
WEAR U, 2Ny 7 T 7RI & 0 el &
> Tk S AR 2 JE L7-fE ., 450nm
D 600nm OPFIEE BYCIZINE Uiz, £72.
mVChRl &wde s RV A A LB+ %
AL, EAEG T ORI 27 L L= &
Z A, AT OFREIIN & T, ANER T B
WoOER & LT &N, %R VChR1 T
W, AR CORBITIEEA SR ONT, /e
RICERROEREE LTBZER SN ADHRTH
o7z, VChR1 3 A HEK #ifiE (VChRI-HEK ifia)
i, BT EAE, B TORRENR S
fabd, BT EAND 4 B CTHIBEASFER L. 3
B s il o< oz ollx L,
mVChRI-HEK M8 CTid, BEFIRIUHE S M
SRl E SN o T,

3-2.  WERRNLR w2 XA ChRTEBAT v b

DL R

BEE 7 v M, 75 Btk A 2~
7 2 —ZHWT, mVChR1 Bz FHEAL.
Bz 2 R a W CHRR B R BELRNE L,
FORER, Ry F 77T TELNTREE LR
FRIZ, 450-600nm OHEIEWIEE RIS LT,
B L 7ot ne 3 E MM 208 L T4 5
e BHIMMER s T, E2L AT b
T— X —Z W T ATENRENT C, mVChR1 % i
ALTeT v b T, HF-BROBERST T2,

k-5 B LU H-ROBRER ORI RE L,
MR O RHRISBIET 2178 2R Lz, UG
L. ChR2ZEALT v ekl =0
FOSHEIDE W L bz,

D. B%

PR ST VIR 2 OB 00 BL 72 B 4ok

EAMIAAFELE L, 2405 ORI —kE
IZ ChR2 BWEA SN XD L9 B RE
DEONDIPFRATH 72, AFHD N5 &
Vw7 Ty MERAWTEAIE B R
AR OFEFICBAMR /2 <, ChR2 N A S 7z
ELTHEERERNE SN 5 /REMEN T
ENTz, NIV AY z=wr Ty hTOWSE
THYH ., EAENRNHIZL T ChR2 Z38H L
TWDHEDIL, NIV AV 2=w I Ty D
WE AT LB LR 2R 2T KR
THLIPREMEMPR B, S5, BEET v b
ZHWT, ATEVEEREZ 1T o7, TORRG
F 7, IRE IS~ ChR2 Bz FE AL L
DREHEROREEZETLOTH -7,
7 7 I REFTABEF ChR2 1E., F Al DL
ZPEERD, Z OB FRFECRES R L
ELTHLHFAOYELNIRL Z LN TE
7RV, ZAUCK LT, RAR v 7 AR
B OIAEMALA A F v R T 5 R
SNTWB, RVRy 7 ZAHkF vy ria R
7 -1 (VChRI)IE, WL CREL & &
TBE, EE e 2 R EREERED Z LN
TE9, DNEEIZER L, Miastrs =it
T ETREND, BIEFERAL WA T T R
SR, BDBINEFTANANRY B —F W
WHEFETLHTowe—2—%FHE LT
LObMRFEEEZSEITERNO 1L ST
HOHb Ly, —JF, WEE VChR1
(MVChR1) Ti, &K & LT, /PMETHE
FERBE NN, ZTo&EIE, VChRT |2k
NTARL | AR NS 5 TR
A4 Fyrd LT, RETE- &
b, TEIFEMICBEEXRITEEEE2R L,
B FIERIC X AR EAICHAREET
ThHBHIENREINT,

E. &%

BREIHZ 7 X FEF A, BILORALR v 7
ZHRDNIEELEEFE2FIHT 5 2 L1
LT HRBELZRETELZ LTFREN
Tmo BrRIZ. SRR LR v 7 AHEF v 2L



7 R7 VU, BRI RBICEZEZ D,
BT CRREEREZRZ TE D5
b,

F. fEREamRiEH
7L,

G. WrERR
1. MR

1. Tomita H, Sugano E, Isago H, Tamai M.
Channelrhodopsins provide a breakthrough
insight into strategies for curing blindness. J
Genetics, 88, 409-415. 2009.

2. Tomita H, Sugano E, Fukazawa Y, Isago H,
Sugiyama Y, Hiroi T, Ishizuka T, Mushiake H,
Kato M, Hirabayashi M, Shigemoto R, Yawo
H, Tamai M. Visual Properties of Transgenic
Rats Harboring the Channelrhodopsin-2
Gene regulated by the Thy-1.2 Promoter.
PLoS ONE, 4(11), e7679, 2009.

3. Hikima T, Araki R, Ishizuka T, Yawo H.
beta-Phorbol ester-induced enhancement of
exocytosis in large mossy fiber boutons of
mouse hippocampus. J Physiol Sci, 59,
263-274, 2009.

4. Matsuzaka Y, Sakamoto K, Tanaka T,
Furusawa Y, Mushiake H. Cannula-aided
penetration: a simple method to insert
structurally weak electrodes into brain
through the dura mater. Neurosci Res, 65,
126-129, 2009.

5. Wang H, Sugiyama Y, Hikima T, Sugano E,
Tomita H, Takahashi T, Ishizuka T, Yawo H.
Molecular determinants differentiating
photocurrent properties of two
channelrhodopsins from chlamydomonas. J
Biol Chem, 284, 5685-5696, 2009.

6. Kobayashi R, Kanno S, Lee S, Fukushima
T, Sakamoto K, Matsuzaka Y, Katayama N,
Mushiake H, Koyanagi M, Tanaka T.
Development of double-sided Si neural probe
with microfluidic channels using wafer direct
bonding technique. Neural Engineering,
2009. NER '09. 4th International IEEE/EMBS
Conference 2009, 6-99. 2009.

7. Sakamoto K, Matsuzaka Y, Suenaga T,
Watanabe H, Kobayashi R, Fukushima T,
Katayama N, Tanaka T, Koyanagi M,
Mushiake H. A simple device allowing silicon
microelectrode insertion for chronic neural
recording in primates. Neural Engineering,
2009. NER '09. 4th International IEEE/EMBS
Conference 2009, 104-107. 2009.

8. Tomita H, Sugano E, Isago H, Hiroi T,
Wang Z, Ohta E, Tamai M.
Channelrhodopsin-2 Gene Transduced into
Retinal Ganglion Cells Restores Functional
Vision in Genetically Blind Rats. Exp Eye
Res, 90, 426-436, 2010.

9. Sugano E, Isago H, Wang Z, Murayama
N, Tamai M, Tomita H. Immune responses
to adeno-associated virus type 2 encoding
channelrhodopsin-2 in a genetically blind
rat model for gene therapy. Gene Therapy,
18(3), 266-74, 2010.

10. Semo M, Gias C, Ahmado A, Sugano E,
Allen A, Lawrence JM, Tomita H, Coffey
PJ, Vugler A. Dissecting a Role for
Melanopsin in Behavioural Light Aversion
Reveals a Response Independent. PLoS
ONE, 5(11), E15009, 2010.

11. Wen L, Wang H, Tanimoto S, Egawa R,
Matsuzaka Y, Mushiake H, Yawo H.
Opto-current-clamp actuation of cortical
neurons using a strategically designed
channelrhodopsin. PLoS ONE, 5(9),
e12893. 2010

12. Wang Z, Sugano E, Isago H, Hiroi T,
Tamai M, Tomita H. Differentiation of
neuronal cells from NIH/3T3 fibroblasts
under defined conditions. Development
Growth and Differentiation, 53(3), 357-365,
2011.

13. Wang Z, Sugano E, Isago H, Hiroi T,
Tamai M, Tomita H. Differentiation of
neuronal cells from NIH/3T3 fibroblasts
under defined conditions. Dev Growth
Differ. 53(3):357-65. 2011

14. Konno A, Honjo Y, Uchida A, Ishizuka T,
Yawo H. Evaluation of Sindbis virus vector
displaying immunoglobulin-binding domain
- antibody-dependent infection to neurons
in living mice. Neurosci Res Neurosci Res.
71(4):328-334. 2011

15. Yokose J, Ishizuka T, Yoshida T, Aoki J,
Koyanagi Y, Yawo H. Lineage analysis of
newly generated neurons in organotypic
culture of rat hippocampus. Neurosci. Res.
69, 223-233. 2011.

16. Asano T, Ishizuka T, Yawo H Optically
controlled contraction of photosensitive
skeletal muscle cells. Biotechnol Bioeng.
109(1):199-204. 2012

17. Isago H, Sugano E, Wang Z, Murayama
N, Koyanagi E, Tamai M, Tomita H.
Age-Dependent Differences in Recovered
Visual Responses in Royal College of



Surgeons Rats Transduced with the
Channelrhodopsin-2 Gene. J Mol Neurosci.
46(2):393-400. 2012

2. HRRRK

1.

2. BATEL. BINKE, sIMER, A

3. FEAMe, WL, PIEE, A

(Fn320)

(R OSAN= SN - = R N [ N E
BT, e LA, BEHR, EHE: 1=
7 A H v F T GRS REREA ) 25 63 (8] B AR
PRIRFH2 (FER]) 2009

.
N B TS -RR s BT IC L B F v %
v R7 o U= T N = 2T o
7 AV —=)LORIE] 6 EHAL KGN 1 7
P AT AR T LS4 EFERE T A
T A 2RI A (filiE) 2009
(8
B 8 SEMEERE . DS RIRTF v 2o
R72 2 2 ORI S TIEET NV 570
Bl BSlaEE s (Fi) 2009

4. FUFME, RS AR ML B B,

FERZHIEAE TR A A F oy LA Ak
YP—NTONRER=2 =T L%y U —
7 DR E 7Y T MUK 55 70 [ES A B
FaPEEs (Eil) 2009

5. A fik MIWAE., T L, SIRMER,

6.

7. i

8. \J&

9. 1

e mLRE . S, R BT
Yaa R 2097 DO Sk 3
RIEG A A OB ERET DT R BO
=D TH 5] % 32 [\ HAREERE (B &
&) 2009

LR, ZIUARE., SIMER, iR
RN 1R AN N AV
(75 I REFANEZET v 1L OfE-E
RECHE AL BY - A P98 56 32 [a] B AHPRELE K
2 (#E) 2009

. E AR AR MR WK
Bz M F vy o x Lo KT v
(channelrhodopsin/Wide-receiver) % H 7=
~ U Ay = o — 1 O YR 32 [BIH
AR RS (A E) 2009

"W, E OAEE, AR i T7a b
AAREE 2 —b : Fyrxrn RT oo
olifl) 8 32 | B AR RS (4ER)
2009

i [ Fvxbn R7Y o ok
REBIENT & A7 NP = 2T 4 7 Z~DIR
M5 37 BIEEMIEEY VAR Y T A (iE)
2009

10. ZEME, REEE, FERH—RR, WEE
WaOBOR—TE, RMREER. LR,
Jo. HEFREL AMISEIE © Tin-vivo #iet il ias
Rl H M mER->E Si 7o —7 DRI
% 56 ESHWHEERRE GRS (oK
IX) 2009

M. B&OE L, BHTHET, IR, £,
EHE, EHES, KRy 7 2fkTF v
xna K7 2 ZEAL-EEBET v
s DR, B ARE)FES, B, 2010
49 A 23 H

12, £, BTHEY, W& LD, BEHIR,
EFHAE, THEES, NIH 3T3 St Emia s
O OMREANIEOE L, B ABYFS, TR,
201049 H 23 H

13. I EIL, ABR. VBE  Fyxin
N7y v 7o el X 2 5 I il
M, BIEAT P =2T 4 7 AR
i, 201149 A 23 H

14, EITHRY Fryxrino R0 212k
LR PRI BT D 2 A o
7 DSBS T O SN L 85T
PR R PR E TSNS AR 0 ALK )
WHoEPE g, #ES. 201147 A 16 B

15, JBIFZC, AR NBE A7 h o=
AT A 7 A% T BB A O R R,
ERIERA X —T =— 2R ED =D 7
+ N=7 AWE - LR e P M
2 i, 2011 4E12 A 13 H

16. LJIE, NBE . kit T 72250
RT3 S T 2N ARERE D TR,
WAL KNS GCOE Ay Bl S iF 203
=, B, 20123 A2 0

(FE30)

1. Ito S, Ishizuka T, Yawo H. Ectopic
synaptogenesis of hippocampal mossy
fiber in the mouse model of status
epilepticus. 36th International Congress of
Physiological Sciences (I1UPS)/86th Annual
Meeting of the Physiological Society of
Japan, (Kyoto, Japan), 2009.

2. Yokose J, Yawo H, Ishizuka T. Lineage
analysis of postnatal neurogenesis in the
slice culture of hippocampus. 36th
International Congress of Physiological
Sciences (IUPS)/86th Annual Meeting of
the Physiological Society of Japan, (Kyoto,
Japan), 2009.

3. Sakai S, Miyawaki A, Ishizuka T, Yawo H.



Involvement of BACE1 in postnatal
development of synaptic vesicle pools. 36th
International Congress of Physiological
Sciences (IlUPS)/86th Annual Meeting of the
Physiological Society of Japan, (Kyoto,
Japan), 2009.

4. Wang H, Sugiyama Y, Ishizuka T, Yawo H.
Molecular determinant differentiating
photocurrent properties of two
channelrhodopsins from Chlamydomonas.
36th International Congress of Physiological
Sciences (IUPS)/86th Annual Meeting of the
Physiological Society of Japan, (Kyoto,
Japan), 2009.

5. Sugiyama Y, Wang H, Hikima T, Sato M,
Kuroda J, Takahashi T, Ishizuka T, Yawo H.
Photocurrent attenuation by the Glu97Ala
mutation of channelrhodopsin-2. 36th
International Congress of Physiological
Sciences (IUPS)/86th Annual Meeting of the
Physio logical Society of Japan, (Kyoto,
Japan), 2009

6. Sugano E, Tomita H, Isago H, Yawo H,
Fukazawa Y, Shigemoto R, Hiroi T, Kato M,
Hirabayashi M, Tamai M. Visual Function of
Wild Type and Channelrhodopsin-2
Transgenic Rats. Association for Research in
Vision and Ophthalmology (Ft. Lauderdale,
FL), 2009

7. Tomita H, Sugano E, Isago H, Hiroi T, Yawo
H, Tamai M. Properties of Recovered Visual
Function in the Channelrhodopsin-2
Transferred Royal College of Surgeons Rats.
Association for Research in Vision and
Ophthalmology (Ft. Lauderdale, FL), 2009

8. Sugano E, Tomita H, Isago H, Hiroi T,
Wang Z. Tamai M. Systematic and Local
Responses of Channelrhodopsin-2 Gene
Therapy. Annual meeting Association for
Research in Vision and Ophthalmology, Ft.
Lauderdale, FL. 201045 A 2 H

9. Tomita H, Sugano E, Isago H, Hiroi T,
Wang Z. Tamai M. Retinal and systemic
immune responses after the transfer of
channelrhodopsin-2 into RCS rats. XIVth
International Symposium on Retinal
Degeneration. Quebec, Mont-Tremblant,
201047 H15 H

10. Sugano E, Tomita H, Isago H, Hiroi T,
Wang Z, Tamai M. Optimization of
volvox-derived channelrhodopsin-1 to

expressexpression in mammalian cells. XIVth

International Symposium on Retinal
Degeneration. Quebec, Mont-Tremblant,

20107 H 15 H

11. Wen L, Wang H, Ishizuka T, Yawo H.
Opto-current-clamp characterization of
neuronal rhythm using an optimized
channelrhodopsin. Channelrhodopsin and
Light-gated Enzymes, Germany, 201045
H25H

12. Sakai S, Ishizuka T, Yawo H. Layer
specifc properties of hippocampal CA3
dendrites. 1st Tohoku International
Symposium on Multidisciplinary
Neuroscience, Sendai, 201141 H21H

13. Wen L, Wang H, Tanimoto S, Egawa R,
Matsuzaka Y, Mushiake H, Isizuka T,
Yawo H. Optocurrent-clamp actuation of
cortical neurons using a strategically
designed channelrhodopsin. 1st Tohoku
International Symposium on
Multidisciplinary Neuroscience, fli#, 2011
F1H21H

14. Yokose J, Yoshida T, Aoki J, Ishizuka T,
Koyanagi Y, Yawo H. Tracking the fate of a
newly generated cell and lineage
construction in organotypic hippocampal
slice culture. Adult Neurogenesis: Structure
and Function, Frauenchiemsee, Germany
20104F 5 A 27-30 H

15. Konno A, Honjo T, Ishizuka T, Yawo H.
Antibody-directed gene delivery with
Sindbis viral vectors displaying the
IgG-binding domain of protein A,
International Symposium on
Multidisciplinary Neuroscience, Tohoku
University, Japan, Sendai, 2011451 H
21-23H )

16. Tanimoto S, Wang H, Sugiyama Y,
Ishizuka T, Yawo H. The Glu-97 mutation
of channelrhodopsin-2 attanuates its
photocurrent. 1st Tohoku International
Symposium on Multidisciplinary
Neuroscience, filivs, 201141H21H

17. Konno A, Honjo T, Ishizuka T, Yawo H,
TARGETED GENE TRANSFER
THROUGH NEURON-TYPE SPECIFIC
MEMBRANE PROTEINS USING
SINDBIS VIRUS VECTOR DISPLAYING
SPECIFIC ANTIBODY, The third Brain
Science Summer Retreat, fliai, 20104
TH31H



18. Tanimoto S, Sugiyama Y, Ishizuka T,
Yawo H. The Glu-97-GIn or Glu-101-GIn
mutantion of channelrhodopsin-2 attenuates
its photocurrent. The third Brain Science
Summer Retreat, a7, 201047 H31H

19. Wang Z, Sugano E, Tomita H : Induction of
neuronal cells from NIH/3T3 fibroblasts under
defined conditions, The 5th China Medicinal
Biotech Forum (CMBF2011), Jbxt, 2011 4F
1M1 H8H

20. Sugano E, Isago H, Wang Z, Murayama N,
Tamai M, Tomita H : Effective Time Point For
Channelrhodopsin-2 mediated Gene Therapy
After Photoreceptor Degeneration In Rcs
Rats, ARVO Annual meeting, Fortlauderdale,
FL,201M 45 H 1 H

21. Tomita H, Sugano E, Isago H, Murayama
N, Wang Z, Tamai M : improvement Of
Wavelength Sensitivities By The Modification
Of Volvox Channelrhodopsin-1 Gene, ARVO
Annual meeting, Fortlauderdale, FL, 2011 4
5H1H

22. Abe Y, Sekino M, Fukazawa Y, Yawo H,
Ohsaki H, Hisatsune T: Functional analysis of
the hippocampus using Opto-fMRI. The 3rd
International Conference on Cognitive

Neurodynamics, Hokkaido, 2011 &6 A 9-13

e
23. Umeda K, Shoji W, Sakai S, Ishizuka T,
Yawo H: Optogenetic stimulation of
transgenic zebrafish expressing an optimized
channelrhodopsin variant. 8th IBRO World
Congress of Neuroscience, Florence (ltary),
2011 £ 7 H 14~18 1

24. Egawa R, Hososhima S, Ishizuka T,
Nakamura H, Yawo H: Development of the
calyx-type synapses in the embryonic chick
ciliary ganglion — a brainbow study. 8th IBRO
WORLD CONGRESS OF NEUROSCIENCE,
Florence (ltaly), 2011 4 7 A 14-18 H

25. Yokose J, Ishizuka T, Yawo H:
Simultaneous monitoring the caspase-activity
under optogenetic actuation: a versatile
probe for the study of activity-dependent
neurogenesis. The 8th IBRO WORLD
CONGRESS OF NEUROSCIENCE,
Florence (Itary), 2011 47 A 15 H

26. Sakai S, Ueno K, Honjoh T, Ishizuka T,
Yawo H: Patterned optical activation of
channelrhodopsin-expressing neurons and
neural circuits: Multi-independent light
stimulation system (MiLSS). 8th IBRO World

Congress of Neuroscience Florence (ltary),
2011 7 H 15-19 H

27. Tanimoto S, Wang H, Sugiyama Y,
Ishizuka T, Yawo H: The molecular
determinants involved in ion flux regulation
of channelrhodopsins. 8th IBRO World
Congress of Neuroscience, Florence
(Itary), 2001 7 A 17 H

28. Honjoh T, Ishizuka T, Yawo H:
Optogenetic enhancement of synaptic
network of rat hippocampus in vivo. 8th
IBRO WORLD CONGRESS OF
NEUROSCIENCE, Florence (ltary), 2011
F7H18H

29. Egawa R, Hososhima S, Ishizuka T,
Nakamura H, Yawo H: Synaptogenesis in
the embryonic chick ciliary ganglion — a
brainbow study. OIST International
Workshop “Molecular & structural
organization of presynaptic function and
plasticity”, Okinawa, 2011 4£ 9 H 7-9 H

30. Umeda K, Shoji W, Sakai S, Ishizuka T,
Yawo H: Transgenic zebrafish expressing
optimized channelrhodopsin in
Rohon-Beard neurons: escape behavior by
light. %5 34 [l B ARRRREL 2 A, 2011
F9 H 14~17 H

31. Egawa R, Hososhima S, Ishizuka T,
Nakamura H, Yawo H: = | U [REAR (A ph
TREIZ BT DR S F 7 A DAL —
Brainbow 12 X 5 f##HT, The 34th annual
Meeting of the Japan Neuroscience
Society (NEURO2011), £z, 201149 A
14-17 H

32. Honjoh T, Ishizuka T, Yawo H:
Optogenetic enhancement of synaptic
network of rat hippocampus in vivo. # 34
[E] B AR R, BET, 2011 429 A
16 H

33. Ueno K, Sakai S, Honjoh T, Yawo H:
Patterned optogenetic activation of
neurons and neural circuits:
Multi-independent light stimulation system
(MILSS). #8 34 [5] B AR R e MRk,
2011 £ 9 H 16 H

34. Kawazoe Y, Yawo H, Kimura K: A
multi-worm optogenetic system for the
nematode C. elegans. % 34 [a] H Atz £l
TR, BE, 201149 H 16 A

35. Abe Y, Sekino M, Fukazawa H, Yawo H,
Ohsaki H, Hisatsune T: Functional analysis
of the hippocampus using optp-fMRI. % 34



[B] A AR R Re, fiiE, 201149 A 16
H

36. Kuki T, Matsuzaki Y, Fukazawa Y, Yawo H,
Mushiake H: Analysis of functional
connectivity among cortical layers during
optogenetically induced perturbations. % 34
[E] B ARMEE 7 RE, ik, 201149 H 16
H

37. Shimizu M, Yawata S, Miyamoto K,
Miyasaka K, Asano T, Yoshinobu T, Yawo H,
Ogura T, Ishiguro A: Toward Biorobotic
Systems with Muscle Cell Actuators. The 5th
International Symposium on Adaptive Motion
in Animals and Machines (AMAM2011). [t
J&E, 2011 4£ 10 A 12 H

38. lto S, Ishizuka T, Yawo H: Ectopic
projection of hippocampal synapses in
pilocarpine-treated mice expressing
synaptopHIiuorin. NIPS International
Workshop 2011 Cutting Edge in Synapse
Research, Okazaki, 2011 4= 12 H 8~9 H

39. MESEF. BIEE. MREMR, AR N\
B % : Expression of the actin-binding
proteins, coactosin and drebrin, in the
déveloping chick ciliary ganglion. %5 34 [5] H
AR R RS BiiE,2011 429 H 17 H

40. Tanimoto S, Wang H, Sugiyama Y,
Ishizuka T, Yawo H: The molecular
determinants involved in ion flux regulation of
channelrhodopsin-2. % 34 [a] B AR#ER K
£ Mk, 201149 A 17 A

41. Teh DBL, Yokose J, Wang H, Sakai S,
Ishizuka T, Yawo H: APACOP, a FRET
apoptosis probe with manipulation of
neuronal activity. % 34 [B] H AR F =
FRiE, 201149 A 17 H

42, MR, BRIBSE, fPRTER. AR\
& . Distribution of the actin-binding protein,
coactosin in the chick ciliary ganglion during
embryonic synaptogenesis. 3rd UCL-Tohoku
symposium, London, 2011 £ 10 H 19 H

43. Ohta H, Sakai S, lto S, Ishizuka T,
Fukazawa Y, Kemuriyama T, Tandai-Hiruma
M, Mushiake H, Sato Y, Yawo H, Nishida Y:
Retrograde Plasticity in Hippocampus. #5 89
Bl B ARATES RS, RER, KA, 2012
F3H29H

44. Sakai S, Ueno K, Ishizuka T, Yawo H:
Bidirectional and Patterned
Photomanipulation of Neuronal activities
Using Multi-independent Light Stimulation

10

System (MILSS). % 89 [a] B A4S K
&, BB, faARM, 201243 429 A

3. B - BEREER

1. BEHIES  [Frxro RV OBIBF
EAZ L THLN DR 5 63 [EERIR
s HEMRIFES  SHGEER (FRR)

2009

2. BHER  [Fyxrnm F7FYvr—210 &
LHREHE] AERSEEEa Y= T A
(VSAT) FehlzsE (&) 2009

3. BEHES b kB OEAIC L
HREFAEOBR ERE] AR ZSHR
L& LURY T A3 (ER) 2009

4. EHIESL  EMEREOT-DOBEE TR
B, Frxru RFvtkoTliond
PREE) B AREARENERS (IR
PS) BEWEXMKRS - BEEGHESs (ls)
2009

5. BHES k@i kEm T+ 2R L7
WEANE] HAERGEEZEERS (]
RPS) FBEGHRS - BEFRHEES OF
%) 2009

6. Tomita H. Channelrhodopsins provide a

breakthrough insight into strategies for
curing blindnes. Tohoku
University-Hanyang University Joint
Symposium on “Biomedical Engineering in
Future Medicine. Souel, Korea, 2010 <= 11
H 22 H

7. EHVESR, IR, a0 & A, T
B, fili7eAz, EHE. B rEAILX
LEFEEE, RARRYS, BT, 2011 4 1
H20H

8. BHER, BELE T, WU LA, £
B, fMilZasez, EHE. BB EER
T a2 AW R AN, HARANIEG
T fliA, 201011 H 20 H

9. BEHESE, BILEF, a0 &, £
B, filidz, EIE. SEdEm kR
T & RO TR R AN, BT /S A
EISHEAR(IPDA)E 4 [BIWF5E= (IEEE 43
B) A, 201045 H 20 B

10. @ HUSES - [EEERRO IO DB



B, Fyxiro R7v ik TELRD
BT ) AR EREMEERS (JRP
S) RS IRSENRE - EFGHZ 2010 42 6
H19H
M. &SR Tk SRR A R L]
WRENIE] BAMIEGARAEERS (JR
P S) MR - ERGHEHS 20104 6
H 20 H
12. Tomita H, Sugano E, Isago H, Murayama
N, Wang Z, Tamai M : Gene therapy in
opjtjalmology "Visual properties of genetically
blind rats transduced with
channelrhodopsin-2 gene." The Fourth
Global Chinese Ophthalmic conference, The
16th Congress of chinese Ophthalmological
Society, JxN (FE) ,201149 H 8 H
13. Yawo H, Wen L, Sakai S, Wang H,
Tanimoto S, Egawa R, Ishizuka T: Resonant
rhythms generated by neurons and network
- opto-current-clamp  with  optimized
channelrhodopsins. %5 8 4 [B] H &R4E{LSE K
&, FEL, 201M4E9 A 21 H
14, EHIEL, EIFTETF, &0 H  H1E
BAENZEOF - EM, AARRBZERE,
A, 201145 H 12 H
15, WL 7 e & A, EHE. Emik
B Fryra 72 EAVWEREOR
FIZHWT, JRPS (I EREMRERS) B
PSR E RIS, BRI, 2011 4E 5 H 22
H
16. BHIES, HEHTLE 7, a0 L A GER
AN AT TR AR IR R O BUR . &
12 [EER SR S MEE R E O X &,
201146 H5H
17. BELR ., a0 s A, BHIES i
Fyxn R7U VBT ERAVEERERE
A= JRPS KB SRR TR < . RMifi, 2011
F£6H11H
18, B HES, WETETY, a0 L 4
REFFEE D 72 8 D IBAR IR ~ SB[/ T T
JRPS = H I SERGHRI S, kM. 2011
F6H 26 H
19. EIFLH - WE&O & A, BHEES « Fy
w722 % W TR A O R RE
PE, 25 6 RIS A YE 7 2 — T & &R,
2011 410 H 10 H
20. NRBT, AR FifTF yxre F7y

11

NCRDBFT N =T 4 AL MR
DR - B - BRIES F 2 6 [5
E£4 B, 20M 46 H 25 H

21 \NRBH : XZRA AV F ¥ R, Fyx
na R72 DS R—T v RKEE - 1
REMEERH. CBl ¥ 23 1 7 [HWFZEi#mE,
W, 201145 H 27 1

22. \RB E, [ hEIaTE B o ek
. \EREE RS ERPERE TME
ENAFHANRNRT 0 7 2y, {lifF, 2011
F11 H 24 0

23. (UER1E. WEIFRLBR, REE . R
A&, KEZZ., A, BT, \RE
PR ER Y U= FF A4S N
T RT 4 VA LBEF) . AL
1326 AR A TR E 0 <
BFrUvEEEE ) o fLIR. 201243430

4. Fofh

1. WAL (2009411 A 6 H—M)
ke a7 CHR A

2. — RN R MRS TNEWTON] 2010 4E 2
A5 (12 A 26 B358) [Ho & =7 E s
AR CE< ! 2y

3. TR
AICIK-N

4 NHK Z U4 FE 2% 201042 A 8 H
[Erm T 3EaERk%] Hi4 : [Japan &
World Update| 14:00~14:30 (%> 10 4y
i)

(s s 7 oA k] 3. (L, PE.,
T ET R8T S5 CuE

5. MEzk Medical Bio, 2010 429 A &, #+—
Ltt, pp.55-57, fkEED EZFEERE T D
AL AEEEASRELENET v b o EE

6. PIHFR (2FE) 20104 11 H 23 B 1)y
EMDITIOAAL v F ) FTLHRNTHRS TH
palCiki-A0a e

7. EWHESR, BEHITETF  Fyxain RS
U ERWERTEA, AEEAN BKRIR
BES. BAOIRE, 82: 125, 2011 4,
p1602-1607

3AE  HHEOMEE T CHR

H. MBS EERED HIRE - BRI (FEEE
€e,)



1. KB 2009-185455, (BN LES N
EWNZRF vy RAT RS BAE B

. HYES, FETE, HEER H21 48 H
10 H

12



IT. Wk R OTITICEE T 2 —&EH

13



MERROTATICET 5 —ERL ATV |

HERS
FEFA KA FSCA A M vE RFFES HE N—U (HRRAE
Tomita H, Sugano E, {Channelrhodopsins provide a J Genetics 38  1409-415 |2009
Isago H, Tamai M breakthrough insight into strategies
for curing blindness
Tomita H, Sugano E, |Visual Properties of Transgenic Rats [PLoS ONE 4(11) [e7679 2009
Fukazawa Y, Isago [Harboring the Channelrhodopsin-2
H, Sugiyama Y, Hiroi |Gene regulated by the Thy-1.2
T, Ishizuka T, Promoter.
Mushiake H, Kato M,|
Hirabayashi M,
Shigemoto R, Yawo
H, Tamai M
Wang H, Sugiyama Y,[Molecular determinants J Biol Chem  [284 |5685-569 (2009
Hikima T, Sugano E, |differentiating photocurrent 6
Tomita H, Takahashi jproperties of two channelrhodopsins
T, Ishizuka T, Yawo {from chlamydomonas
L
Hikima T Araki R, |beta-Phorbol ester-induced J Physiol Sei1 59 263-274 2009
Ishizuka T, Yawo H |enhancement of exocytosis in large
mossy fiber boutons of mouse
hippocampus
Matsuzaka Y, Cannula-aided penetration: a simple [Neurosci. Res. |65 126-129 2009
Sakamoto K, Tanaka |method to insert structurally weak
T, Furusaway, electrodes into brain through the
Mushiake H dura mater
Kobayashi R, Kanno |Development of double-sided Si Neural 96-99 2009
S, Lee S, Fukushima |neural probe with microfluidic Engineering,
T, Sakamoto K, channels using wafer direct bonding [2009. NER '09.
Matsuzaka Y, technique 4th International
Katayama N, IEEE/EMBS
Mushiake H, Koyanagi Conference
M, Tanaka T. 2009
Sakamoto K, A simple device allowing silicon|Neural 104-107 (2009
Matsuzaka Y, microelectrode insertion for chroniclEngineering,
Suenaga T, Watanabe [neural recording in primates. 2009. NER '09.
H, Kobayashi R, 4th International
Fukushima T, IEEE/EMBS
Katayama N, Tanaka Conference
T, Koyanagi M, 2009
Mushiake H.
PIRE. T 4. PR B2 BANRIC 55~ BFILE @59 [30-36  [2009
wF fGNR [ Fryxa RT v T kT
{7 A~DITFE- *
Tomita H, Sugano E, |[Channelrhodopsin-2 GenelExp Eye Res |90 426-436 (2010

Isago H, Hiroi T,
Wang Z, Ohta E,
Tamai M

Transduced into Retinal Ganglion
Cells Restores Functional Vision in

Genetically Blind Rats




Tamai M, Tomita H.

Transduced with the

FEFRK A KA LT A b V4 FR s EE [N—v  |[HRE
Sugano E, Isago H, |{Immune responses to Gene Therapy [18(3) [266-274 2010
Wang Z, Murayama [adeno-associated virus type 2

N, Tamai M, Tomita |encoding channelrhodopsin-2 in a

H. genetically blind rat model for gene
‘ISemo M, Gias C, Dissecting a Role for Melanopsin in |PLoS ONE 5(11) 115009 (2010
Ahmado A, Sugano [Behavioural Light Aversion Reveals

E, Allen A, Lawrence |a Response Independent

JM, Tomita H, Coffey

Wen L, Wang H, Opto-current-clamp actuation of PLoS ONE 5(9) 12893 2010
Tanimoto S, Egawa [cortical neurons using a strategically

R, Matsuzaka Y, designed channelrhodopsin

Mushiake H, Yawo H.

Wang Z, Sugano E, [Differentiation of neuronal cells from [Development [53(3) [357-365 2011
Isago H, Hiroi T, NIH/3T3 fibroblasts under defined  |Growth and

Tamai M, Tomita H. |conditions Differentiation

Yokose J, Ishizuka T, [Lineage analysis of newly generated |Neurosci. Res. 69  [223-233 12011
Yoshida T, Aoki J, neurons in organotypic culture of rat

Koyanagi Y, Yawo H. lhippocampus.

Konno A, Honjo Y,  |Evaluation of Sindbis virus vector ~ |Neuroscience [71(4) [328-334 [2011
Uchida A, Ishizuka T, [displaying immunoglobulin-binding [Research

Yawo H. domain - antibody-dependent

infection to neurons in living mice.
Asano T, Ishizuka T, |Optically controlled contraction of  |Biotechnology [109(1[199-204 [2012
Yawo H. photosensitive skeletal muscle cells. jand )
Bioengineering

Ji Z-G, lto S, Honjoh |Light-evoked somatosensory PL0oS ONE 7(3) 32699 2012
T, Ohta H, Ishizuka T, |perception of tfransgenic rats which

Fukazawa Y, Yawo |express channelrhodopsin-2 in

H. dorsal root ganglion cells.

Isago H, Sugano E, |Age-Dependent Differences in Journal of 46(2) 1393-400 2012
\Wang Z, Murayama |Recovered Visual Responses in Molecular

N, Koyanagi E, Royal College of Surgeons Rats Neuroscience




Z DAl

HERE A, PR %5 N—
ACER CHrR) SRS T TR 20094E11 A6 A — i
NEWTON Ko &2 o 237 W EE 20104E2 H &= 123
Medical Bio MO N Z BELEF OB AT L 2010 4£9 A& 47-49
LA IEIENET v N oW EE
AR () M Z BT DAL v F 2010 £ 11 A 23 H -
R R L R )
H AR DR Fyxn R ERWEEER 82 4% 12 & 1602-1607
% 2011 4




III. #WFEERCE OFITH - BRI



© Indian Academy of Sciences

REVIEW ARTICLE

Channelrhodopsins provide a breakthrough insight into
strategies for curing blindness
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Abstract

Photoreceptor cells are the only retinal neurons that can absorb photons. Their degeneration due to some diseases or injuries
leads to blindness. Retinal prostheses electrically stimulating surviving retinal cells and evoking a pseudo light sensation
have been investigated over the past decade for restoring vision. Currently, a gene therapy approach is under development,
Channelrhodopsin-2 derived from the green alga Chlamydomonas reinhardtii, is a microbial-type rhodopsin. Its specific
characteristic is that it functions as a light-driven cation-selective channel. It has been reported that the channelrhodopsin-2
transforms inner light-insensitive retinal neurons to light-sensitive neurons. Herein, we introduce new strategies for restoring
vision by using channelrhodopsins and discuss the properties of adeno-associated virus vectors widely used in gene therapy.

[Tomita H., Sugano E., Isago H. and Tamai M. 2009 Channelrhodopsins provide a breakthrough insight into strategies for curing blindness.

J. Genet. 88, 409-415]

Phototransduction pathway

Retinitis pigmentosa (RP) is the most common type of inher-
ited disease that leads to blindness; it has an expected preva-
lence of one in 4000 cases and its symptoms include night
blindness, loss of peripheral visual field, and loss of central
vision (Hartong et al. 2006). A number of genes responsi-
ble for RP — most of them associated with phototransduction
pathways — have been identified and their functions eluci-
dated (http://www.sph.uth.tmc.edu/Retnet/home.htm).

In the vertebrate retina, phototransduction is initiated by
activation of rhodopsin. In the dark, rhodopsin contains
11-cis-retinal as the chromophore, embedded in its protein
moiety. Light-induced isomerization of 11-cis-retinal to all-
trans-retinal initiates a G protein-coupled signalling cascade,
involving the hydrolysis of cyclic guanosine monophosphate
(cGMP) by upregulated phosphodiesterase, which causes
closure of a cGMP-regulated cation channel (figure 1). The
photoreceptor cells are hyperpolarized, and they transmit
light signals to second-order neurons such as bipolar cells.
After the isomerization of 11-cis-retinal to all-trans-retinal

*For correspondence. E-mail: hiroshi-tomita@iiare.tohoku.ac.jp.

by absorption of photon(s), the latter travels from retinal pho-
toreceptor outer segments to the retinal pigment epithelium
(RPE) for regeneration of the chromophore. Thus, visual cy-
cle requires sequential propagation of steps, including enzy-
matic reactions (Lamb and Pugh 2004); any loss of function
causes various retinal disorders.

Gene therapy for retinal disorders

Gene therapies have attempted to compensate the loss of
function for the treatment of retinal disorders, mainly hered-
itary diseases. Various types of viral vectors such as retro-
virus (Sakamoto et al. 1995), lentivirus (Miyoshi ef al. 1997;
Lotery et al. 2002), adenovirus (Reichel et al. 2001), and
adeno-associated virus (AAV) (Al et al. 1996) have been in-
vestigated for an efficient transfer of the relevant gene into
target cells, and they have been selected specific to each dis-
order or purpose, e.g. for transient or long-term gene ex-
pression according to the target cell type. Viral vector-based
gene transfer may cause undesirable side effects such as sys-
temic dissemination of the vector, immune responses, and
overexpression of the gene. To deal with these complica-
tions, the eyes specifically have the blood-retinal barrier and

Keywords. channelrhodopsin-2; retinitis pigmentosa; adeno-associated virus vector; blindness.
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