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Investigation of novel drugs for inducing retinal regeneration
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We investigated new retinal regeneration inducers using zebrafish, which
causes physiological retinal regeneration in adults. In this study, we identified PDGF and TUDCA as
novel factors / drugs with retinal regeneration promoting activity. In addition, the analysis of
PDGF function suggested that each growth factors have different functions in the regeneration
process and act in a complex manner. Though TUDCA alone does not induce Muller glia activation, it
has been shown that it may be used as a pharmacological method for inducing retinal regeneration in
combination with Muller glia activating factors including growth factors.
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(3) mMRNA
0.1% 5
RNA RNA NanoVue Plus (GE Healthcare Bio-
Sciences AB) 260 nm RNase-free H,O
RNA cDNA PrimeScript® RT reagent Kit (Perfect
Real Time) (Takara Bio) 5 x PrimeScript Buffer (for
Real Time) 2 uL  PrimeScript RT Enzyme Mix | 0.5 uL  Oligo dT Primer (50 uM) 0.5 uL  Random 6
mers (100 uM) 0.5 puL RNA 6.5 L 10 puL PCR
Thermal Cycler Dice (Takara Bio) 37°C 15 85°C 5
4 PCR mRNA
RT-PCR SYBR Premix Ex Tag |1 (Tli RNaseH Plus) (TakaraBio)
SYBR® Premix Ex Tag Il (Tli RNaseH Plus) 10 uL primer cDNA 1 uL
20 pL primer 0.2 uM Thermal Cycler Dice Real
Time System (Takara Bio) 95°C 30 1 95°C 5 60°C 30

40 PCR primer 1



Primer designsfor gPCR
Gene Primer sequence
asclla F: 5’-ATCCGCGCGCTGCAGCTTCTGG-3’
R: 5’-CGAGTGCTGATATTTTTAAGTTTCC-3
pax6b F: 5’-ATGGCCACTTCTGGCACCGCTTCCACAGGAC-3
R: 5>-AGTTCTGGGAGTGTGAAAAGAGCTCGCGCCTC-3
pdgf-a F: 5’>-TTCCCCGAGAGCTGATTGAG-3’
R: 5’>-TGCTCCTTATGGTGGCCTTG-3’
pdgf-b F: 5°-AGGAAGATGATGAGAAGCCAGAG-3
R: 5>-TTACACATAGCCTGCTGGGC-3’
gapdh F: 5’-ATGACCCCTCCACCATGA-3’
R: 5’-GGCGGTGTAGGCATGAAC-3
p21 F: 5>-CCGCATGAAGTGGAGAAAAC-3
R: 5>-ACGCTTCTTGGCTTGGTAGA-3
p27 F: 5>-TGAAGCCTGGAACTTCGACT-3
R: 5>-TGTGAATATCGGAGCCCTTC-3
p53 F: 5>-GCTTGTCACAGGGGTCATTT-3
R: 5’-ACAAAGGTCCCAGTGGAGTG-3
1
PCR R2
gapdh
©)
4% 0.1M PB (pH 7.4)
5% 12.5% 20% 0.1
M PB (pH 7.4) 1 4°C O.C.T. compound
-80°C O.C.T. compound -20°
C (Leica,Wetzlar, Hesse, Germany) 12 um
MAS (Matsunami, Osaka, Japan) -80°C
(6)
-80 °C -20°C 1 4°C 1
2 Super PAP pen (Daido sangyo, Osaka, Japan)
10 % goat serum 1
( ) 4-°C
( ) 1 Hoechst 33342
Fluoromount ( ) rat anti-

BrdU antibody (1:200 dilution; Abcam, Cambridge, UK) rabbit anti-PCNA antibody (1:100; GeneTex,
Irving, CA, United States) mouse anti-4C4 antibody (1:200; Kindly gifted by Dr. Hitchcock’slab.) mouse
anti-glutamine synthetase (GS) antibody (1:500; Merck KGaA, Darmstadt, Germany)
Alexa Fluor® 488 goat anti-rabbit 1gG (1:200) Alexa Fluor 546® goat anti-mouse
(1:1000) Alexa Fluor®546 goat anti-rat 1gG (1:1000 dilution; Thermo Scientific)
(BZ-X700, Keyence, Osaka, Japan)
(LSM700, Carl Zeiss, Jena, Germany)

(7)

+ SPSS Statistics soft ware
F Student’st-test Welch’st-test Dunnett’s
test Tukey’stest 5%



1) PDGF

mMRNA (PDGF)
pdgf-a pdgf-b (D
asclla pdgf-a pdgf-b
PDGF
PDGF AG1295
10nM  AG1295 4
Brdu ( 2 PDGF
g 400
& pdgfa B pdefh z = .
g 2 §2 *k _§
z! 2 H
o [ ‘ & =)
0 24 48 72 96 120 144 168 0 24 48 72 96 120 144 168 5 g
hours hours < PBS AGI295

c asclla D paxbb

100 . *k - 10 o
% 10 1] f } E }: = 2. PDGF
E = 1, ' (A) Representative images of immunostained retina at

o Tl 4 days after injury. Red shows BrdU-positive

0 24 48 7}2]0‘;;6 120 144 168 0 24 48 7§cu‘:56 120 144 168

proliferative cells, and blue shows Hoechst 33342-

1. pdgf positive nuclel. White dotted linesindicate each retinal
(A-D) mRNA fold changesof (A) ascl1a, (B) pax6b, Cell layer. White arrows indicate the injury site. The
(C) pdgf-a, and (D) pdgf-b. The vertical axis is the scale bar represents 50 pm. (B) BrdU-positive cell
logarithm of the expression level. The horizontal axis number per injury area. Data are the means + SEMs
is the number of hours after injury. Data are the (N=4).**P<0.01vsPBSgroup (Student’st-test). GCL;
means =+ standard error of the means (SEMs) (n=3). ganglion cell layer, INL; inner nuclear layer, ONL;
*P<0.05, **P<0.01 vs 0 h groups (Dunnett’stest).  outer nuclear layer.
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3. PDGF 4, PDGF
(A, C) Representativeimages of immunostained retinaat 4  (A-B) Representative images of immunostained

days after intravitreal injection of human recombinant retinawith PCNA and GS (A) or 4C4 (B) antibody
PDGF-BB (A) or PDGF-AA (B). Red shows BrdU- gt 4 days after intravitreal injection of human

positive proliferative cells, and blue shows Hoechst 33342-  recombinant PDGE-BB or AA. The scale bar
positive nuclei. The scale bar represents 200 pm. (B, D) represents 30 pm. (A) White arrows indicate

Quantification of BrdU-positive cell numbers at GCL, neurogenic clusters. (B) White arrows indicate
INL, and ONL. Data are the means + SEMs (n=5). proliferating microglia

*P<0.05, **P<0.01 vs PBS group (Dunnett’s test).
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(A) Retinal cross sections were stained with BrdU (red,
as aproliferative cell marker), Hoechst 33342 (blue, as
a nuclei marker). The scale bar represents 200 pm. (B)
Quantitative data of the average BrdU-positive
proliferating cells of injury site which evaluated by
continuous retina cross sections. Data are shown as
means + SEM (n=4). *P<0.05, vs. Vehicle (Student’st-
test). TUDCA was administered at afinal concentration
of 500 uM.
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(A) Retinal cross sections were stained with BrdU (red, as
a proliferative cell marker), Hoechst 33342 (blue, as a
nuclei marker). White arrowsindicate proliferative cellsin
the ONL. The scale bar represents 50 pm. (B) Quantitative
data of BrdU-positive proliferating cellsin the ONL, INL,
and GCL. Data are shown as means £ SEM (n=6-7).
*P<0.05, vs. Control (Student’s t-test). (C) mRNA
expression levels quantified by real-time PCR in intact
zebrafish retina after TUDCA treatment for 2 days. Data
are shown as means + SEM (n=9-10). *P<0.05, vs.
Control (Student’s t-test). TUDCA was administered at a
final concentration of 500 pM.
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