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The foundation of developing drugs for retinal diseases by pharmaceutical
drug-repositioning screening based on the distribution manner via the
blood-retinal barrier
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The purpose of this study was to establish the foundation of retinal drug
discovery based on the cationic drug transport systems at the blood-retinal barrier. To evaluate the
transport of drugs as candidates for the use of retinal diseases, the labeling reaction of
cyanocobalamin, a model compound, with a fluorescent substrate was tested. Since receptor-mediated
transcytosis manner of fluorescent cyanocobalamin was observed, it is indicated that the
optimization of this labeling reaction with a fluorescent substrate is completed. Through the
pharmaceutical drug-repositioning screening, several kinds of candidates for the treatment of
retinal diseases were discovered. We continue to perform the pharmacological and pharmaceutical
studies to judge whether these drugs could be applied for the retinal diseases.



QOL qudlity of life

BRB
P-gp
(BBB) P-gp
BRB BBB
(1) TR-iBRB2
BRB

24-well
(ECF buffer) 3

(Exp. Eye Res,, 72, 163-72 (2001))
TR-iBRB2

BRB

P-gp

(TRiBRB2 )

buffer
ECF buffer



(1)

Cy5
Cy5- co-factor
transcobalamin TR-iBRB2
Cy5- -transcobalamin
dot
verapamil
TR-iBRB2
(2 verapamil
TR-iBRB2 [3H]
2-3
inner BRB in vitro
3 quinacrine
BRB
Lysosome
quinacrine TR-iBRB2 NH,4Cl
TR-iBRB2
BRB
(4) DARTS
- drug affinity responsive target stability (DARTYS)
inner BRB
(BBB) DARTS
SDS-PAGE
inner
BRB
(1) Akanuma S, Kida R., Tsuchiyama A., Kubo Y., Hosoya K.; Organic anion-transporting

@)

©)

polypeptide 1a4-mediated heterogeneous distribution of sulforhodamine-101 in rat hepatic lobules.

Drug Metab. Pharmacokinet., in press < >

DOI: 10.1016/j.dmpk.2019.04.001

Tachikawa M., Akanuma S., Imai T., Okayasu S., Tomohiro T., Hatanaka Y., Hosoya K..; Multiple
cellular transport and binding processes of unesterified docosahexaenoic acid in outer blood-retinal
barrier retinal pigment epithelial cells. Biol. Pharm. Bull., 41, 1384-92 (2018) < >

DOI: 10.1248/bpb.b18-00185

Kinoshita Y., Nogami K., Jomura R., Akanuma S., Abe H., Inouye M., Kubo Y., Hosoya K.;
Investigation of receptor-mediated cyanocobalamin (Vitamin B12) transport across the inner
blood-retinal barrier using fluorescence-labeled cyanocobalamin. Mol. Pharm., 15, 3583-94 (2018)
< > DOI: 10.1021/acs.mol pharmaceut.8b00617



(4)

©)

(6)

()

(8)

9)

(10)

(11)

)
)
©)

(4)

®)

(6)

()
(8)
9)
(10)
(11)
(12)
(13)

(14)

Akanuma S., Yamakoshi A., Sugouchi T., Kubo Y., Hartz A.M.S., Bauer B., Hosoya K.; Role of
L-type amino acid transporter 1 at the inner blood-retinal barrier in the blood-to-retina transport of
gabapentin. Mol. Pharm., 15, 2327-37 (2018) < >

DOI: 10.1021/acs.mol pharmaceut.8b00179

Kubo Y., Akanuma S., Hosoya K.; Recent advances in drug and nutrient transport across the
blood-retinal barrier. Expert Opin. Drug Metab. Toxicol., 14, 513-31 (2018) < >

DOI: 10. 1080/17425255.2018.1472764

Kubo Y., Nakazawa A., Akanuma S., Hosoya K .; Blood-to-retina transport of fluorescence-labeled
verapamil at the blood-retinal barrier. Pharm. Res., 35:93 (2018) < >

DOI: 10.1007/s11095-018-2384-7

Akanuma S., Higashi H., Maruyama S., Murakami K., Tachikawa M., Kubo Y., Hosoya K.;
Expression and function of connexin 43 protein in mouse and human retinal pigment epithelial
cells as hemichannels and gap junction proteins.; Exp.. Eye Res., 168, 128-37 (2018) < >
DOI: 10. 1016/j.exer.2018.01.016

Akanuma S., Yamazaki Y., Kubo Y., Hosoya K.; Role of cationic drug-sensitive transport systems
at the blood-cerebrospinal fluid barrier in para-tyramine elimination from rat brain.;

Fluids Barriers CNS, 15:1 (2018) < > DOI: 10.1186/s12987-017-0087-9

Kubo Y., Akanuma S., Hosoya K.; Influx transport of cationic drug at the blood-retinal barrier:
impact on the retinal delivery of neuroprotectants. Biol. Pharm. Bull., 40, 1139-45 (2017)

< > DOI: 10.1248/bpb.b17-00090

Kubo Y., Yamamoto M., Matsunaga K., Usui T., Akanuma S., Hosoya K.; Retina-to-blood
transport of 1-methyl-4-phenylpyridinium involves carrier-mediated process at the blood-retinal
barrier. J. Pharm. Sci., 106, 2583-91 (2017) < > DOI: 10.1016/j.xphs.2017.04.028

Kubo Y., Akanuma S., Hosoya K.; Impact of SLC6A transporters in physiological taurine transport
at the blood-retinal barrier and in the liver. Biol. Pharm. Bull., 39, 1903-11 (2016) < >
DOI: 10.1248/bpb.b16-00597

imipramine
139 2019
imipramine
130 2018

Jomura R., Tanno Y., Akanuma S., Tachikawa M., Kubo Y., Hosoya K.; Localization of
monocarboxylate transporter 12 as a facilitative creatine transporter in rat choroid plexus and
retinal pigment epithelium.; 2018 International Meeting on 22" MDO and 33 JSSX; 2018
Kubo Y., Kinoshita Y., Nogami K., JomuraR., Akanuma S., Abe H., Inouye M., Hosoya K .; Study
of receptor-mediated cyanocobalamin (vitamin B12) transport at the blood-retinal barrier with
Cy5-labeled cyanocobalamin.; 2018 International Meeting on 22" MDO and 33" JSSX; 2018
Han M., Akanuma S., Kubo Y., Hosoya K.; Characteristics of imipramine transport at the
blood-brain barrier.; The Third International Symposium on Toyama-Asia-Africa Pharmaceutical
Network; 2018
Jomura R., Tanno Y., Akanuma S., Tachikawa M., Kubo Y., Hosoya K.; Expression and
localization of creatine synthesizing enzyme and monocarboxylate transporter 12 in rat brain and
retina.; The Third International Symposium on Toyama-Asia-Africa Pharmaceutical Network; 2018

nicotine
33 2018
138 2018
chloroquine lysosome 138 2018
nicotine
138 2018
in vitro
32 2017

- - chloroquine

lysosomal trapping 129 2017

129 2017
nicotine

39 2017



(15

cyanocobalamin 32
2017
(16)
cyanocobalamin 137 2017
(17) Hosoya K., Nakazawa A., Akanuma S., Kubo Y.; Involvement of lysosomal trapping in verapamil
transport across the blood-retinal barrier.; International Symposium on Drug Delivery and
Pharmaceutical Sciences: Beyond the History; 2017
(18)
cyanocobalamin 128
2016
19
organic anion-transporting polypeptide (Oatp) 1a4
128 2016
(20) Usui T., Akanuma S., Kubo Y., Hosoya K.; Transporter-mediated histamine elimination from
cerebrospina  fluid: involvement of PMAT at the blood-cerebrospinal fluid barrier.; 2016
China-Japan-K orea Joint Symposium, 20" Anniversary of Oriental Pharmaceutical Science;

2016
(21)
(PMAT)
38 2016
2 _ o verapamil
lysosomal trapping 31 2016

(23) Hosoya K., Akanuma S., Kubo Y.; The role of blood-retinal barrier transporters in retina drug
delivery.; XXII Biennial Meeting of the International Society for Eye Research; 2016

(24) Hosoya K.; Implications of the carrier-mediated transport of nicotine in lung and other tissues.;
Workshop on Drug Transportersin the Lungs, Trinity College Dublin; 2016

(25) Tega Y., Akanuma S., Kubo Y., Hosoya K.; Functional expression of nicotine influx transporter
driven by an outward H+ gradient in rat blood-brain barrier and liver.; The First International
Symposium on Toyama-Asia-Africa Pharmaceutical Network; 2016

(26) Usui T., Akanuma S., Kubo Y., Hosoya K.; Histamine elimination from the cerebrospinal fluid:
involvement of plasma membrane monoamine transporter at choroid plexus epithelial cells.; The
First International Symposium on Toyama-Asia-Africa Pharmaceutical Network; 2016

(27) Hosoya K., Microdialysis for evaluating the efflux transport of drugs across the blood-retinal
barrier.; 8" International Symposium on Microdialysis; 2016

(28) 36 2016

web
http://www.pha.u-toyama.ac.jp/phaphzai/index-j.html

D

AKANUMA, Shin-ichi



@)

MATSUYA, Yuji

ABE, Hgjime

ANDO, Tsugunobu

KUBO, Yoshiyuki



