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Study focuses

1.

Identification of ribavirin uptake systems in
human hepatocytes and characterization of
their roles in ribavirin antiviral actions
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OATP1B3 and its potential human brain cells for development

application to cancer therapy of in vitro human BBB models
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Identification of ribavirin uptake transporter in human hepatocytes

Ribavirin is a nucleoside analogue used for anti-hepatitis C virus (HCV) therapy
(RBV)
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A prerequisite step
ENT]. for ribavirin’s action

RBV uptake by human hepatocyte lines
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transporter 1 (ENT1) is
a primary RBV uptake
transporter in human
hepatocytes.

Fukuchi, Furihata, et al. J Hepatol 2010;52:486-92.



Critical role of ENT1 in antiviral action of RBV in HCV-model cells

The renilla luciferase activity level correlates well
HCV genome with the HCV replication activity level in OR6 cells
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HCV-replication model cells
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lkeda, et al. Biochem Biophys Res Comun 2005;329:1350-9.
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likura, Furihata, et al. Antimicrob Agent Chemother 2012;56:1407-13.
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Association of an SNP in the ENT1 gene with clinical outcome

Collaborative work with Dr. Tsubota
Baseline profile of the patients recruited for the association study

Number (race): 526 (517 Japanese, 4/3/2 Chinese/Mongol/Korean)
HCV genotype: 1b
Regimen: Peg-INF/RBV combination therapy

SNPs in the ENT1 gene analyzed in this study

14 SNPs located in the 5’-upstream,

intronic, or 3’-untranslated regions RS CCNNE..CU
(indicated by red arrowheads) vve M

Association of SNP rs6932345 with the rate of the sustained
virological response (SVR, the therapeutic goal)

Genotype (MAF) P value ;):arlr;sil:ivariate O(c;(;l;raétli)o
rs6932345 AAvs AC/CC (0.196) 0.03 1.85 (1.06-3.21)

Tsubota, Shimada, Yoshizawa, Furihata, et al. Liver Int 2012;32:826-36.



Summary & Perspective -1-
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</ ENT1 is a primary RBV uptake
% transporter in human hepatocytes.

Antiviral actions O‘\Q: Accordingly, ENT1 plays a critical

e
oV /}\/ Y role in RBV’s antiviral action.

hepatocytes

It can be assumed that hepatic ENT1 activity level
Is a factor that determines treatment efficacy of

RBV-based anti-HCV therapy.
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Study focuses

In vitro ADME studies aiming at
characterization of molecular mechanisms
behind drug pharmacological or
toxicological actions

v

Identification of cancer-type
OATP1B3 and its potential
application to cancer therapy



Organic anion transporting polypeptide 1B3 (OATP1B3)

OATP1B3

v is initially identified as a liver-specific
transporter expressed at hepatocyte
sinusoidal membrane.

v/ can transport various drugs into
hepatocytes.

v is subsequently reported to be
expressed in various cancer tissues.
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Konig et al., JBC 2000;275:23161-8

It had long been taken for granted that OATP1B3 expressed in cancer
lissues was identical to that expressed in the liver.

Normal liver
ok 73

The same protein!
The same function!

Lee et al. Cancer Res. 2008;68:10315-23.



Identification of cancer-type OATP1B3 in human cancer tissues

Cancer-type OATP1B3 (Ct-OATP1B3)

Colon cancer Lung cancer Colon cancer Non-template
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human liver arke tissue tissue LS180 cells control
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The new isoform identified in cancer is The known isoform identified in the liver is
hereafter referred to as hereafter referred to as
Cancer type (Ct)-OATP1B3 mRNA Liver type (Lt)-OATP1B3 mRNA
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Nagai, Furihata et al. (2012) BBRC 418:818-823.
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Cancer-restricted expression profile of ct-OATP1B3

OATP1B3 mRNA expression profile in
39 matched-pairs of colon tissues

(gPCR)
106
— Median P=29 x10°
|
< ®
5 % . ¢.. P=0.28
2T % ‘
é_ =) .'.. ®
o (@)]
<3 I
X '3 1041 \ ®
E 9 " e LX)
= » o® ()
®
Q~OO
103
Normal Cancer Normal Cancer
(1/39) (34/39) ' (20/39)  (21/39)
Ct-OATP1B3: Lt-OATP1B3

Sun, Furihata et al. Clin Transl Med 2014:3:37

T/N ratios of Ct-OATP1B3 mRNA

levels in individual patients
10001
7]
© 100 1
©
=
l_ 10 -
1 -
Normal Tumor

ROC curve analysis for
evaluation cancer specificity

Sensitivity (%)

254

1001

754

50

and selectivity

(1] ég 5b ;% 160
1 - Specificity (%)



Summary & Perspective -2-

Ct-OATP1B3, which is a variant isoform of
Lt-OATP1B3, Is considered to be a bona fide
cancer-associated OATP1B3 isoform.

Identification of Ct-OATP1B3 is likely to revise the long-
standing study premise, which is thus expected to open up new
avenues in cancer-related OATP1B3 studies.
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Furihata et al. Curr Drug Metab 2015;16:474-85.
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3.

Establishment of new immortalized
human brain cells for development
of in vitro human BBB models



Blood-brain barrier and temperature-sensitive immortalized cells

Blood-brain barrier (BBB): A primary obstacle
to drug penetration into the brain

In vitro BBB model
Brain microvascular
endothelial cells (BMEC)

o .  different stages of CNS

7] drug development.
Wong AD et al. Frontiers in AStrOCyteS

Neuroenginering 2014 N

Pericytes

Primary human cells Immortalized human cells

are highly functional, but they show generally show infinite proliferation

limited proliferation ability, rapid ability, human gene functions, stable

senescence, scarcity, and lot-to-lot phenotype, and cell-type specific

variations, which \functionality, which /
impede 4y @ allow

researchers to take various trial-and-error approaches in drug development.



Establishment of immortalized human BMEC

Establishment of human BMEC/conditionally immortalized clone 8
(HBMEC/cif3)
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Kamiichi, Furihata et al. Brain Res 2012:1488:113-22 Furih I blished
Furihata et al. Fluids Barriers CNS. 2015:5;12:7. urinata et al. unpublished.



Establishment of immortalized human astrocytes and pericytes

In vitro BBB model Establishment of human brain pericytes/
BMEC conditionally immortalized clone 37 (HBPC/ci37)
Morphology NG2 PDGFRf
o > o i
Astrocytes
., Furihata et al. unpublished.

Establishment of human astrocyte/conditionally immortalized clone 35

(HASIC'5) Global mRNA Glutamate uptake activity
IS expression profile

(2]
o
)

. EAAT2 EAAT1 EAAT1&2
400000 - 2 — p= °
R2=090 & £_,. | Marec
350000 1 s B = B 4oC
Jv 8E
Ly 300000 1 o 23 40-
2 250000 o £8 %
('7) 200000 - é'% 20 -
| s
o 150000 555 5 104
L 100000 - =) 9
50000 ! Inhibitor — — UCPH DHK UDCHPF — Quis =—
0 -._L-—, i T T T 1 +
0 100000 200000 300000 400000 Na*-plus Na'-free

Primary human astrocytes

0 Day 100
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Summary & Perspective -3-

We have established HBMEC/ci3, which are highly
proliferative and possess BBB properties. Furthermore,
we have also established HASTR/ci35 and HBPC/ci37,
as part of our ongoing efforts to develop an
Immortalized cell-based tri-culture in vitro BBB model.

HBMEC/cip

Such models will be expected to provide
easy-to-use, scalable, versatile, simplified
working system in CNS drug development.

HBPC/ci37

HASTR/ci35

Target Hlt Lead Lead Candidate drug Concept Development \\ Launch
|dent|f|cat|on ldentlflcatlon identification optlmlzatlon prenomination testlng for launch phase

Target In silico BBB Optimization of BBB BBB
validation of ~ permeability permeability, metabolism mechanistic

BBB-related  assessment. and toxicological profile of and

mechanisms  Selection of compounds, using cell- toxicological
compounds to  based assays with gradually evaluations
berunincell-  more sophisticated protocols

based assays Cecchelli et al. Nat. Rev. Drug Discov. 2007:6;650-661.
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