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Antiviral actions
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is a nucleoside analogue used for anti-hepatitis C virus (HCV) therapy

hepatocytes

Fukuchi, Furihata, et al. J Hepatol 2010;52:486-92.
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Ikeda, et al. Biochem Biophys Res Comun 2005;329:1350-9.

HCV RNA LUC activity

The renilla luciferase activity level correlates well 
with the HCV replication activity level in OR6 cells



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

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

14 SNPs located in the 5’-upstream, 
intronic, or 3’-untranslated regions 
(indicated by red arrowheads)

rs6932345 AA vs AC/CC (0.196) 0.03 1.85 (1.06-3.21)

P value on multivariate 
analysis 

Odds ratio 
(95% CI)

Genotype (MAF)

Collaborative work with Dr. Tsubota



Antiviral actions
P
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hepatocytes

ENT1 is a primary RBV uptake 

transporter in human hepatocytes. 

Accordingly, ENT1 plays a critical 

role in RBV’s antiviral action.

RBV

ENT1

Higher ENT1 expression 
/activity level ?

ENT1 inhibition by co-
administered drug 

Lower ENT1 expression 
/activity level ?

Low efficacy High efficacy Low efficacy
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Colon cancerNormal liver

The same protein!

The same function!

 is initially identified as a liver-specific 

transporter expressed at hepatocyte 

sinusoidal membrane.

 can  transport various drugs into 

hepatocytes.

 is subsequently reported to be 

expressed in various cancer tissues. 

OATP1B3

Konig et al., JBC 2000;275:23161-8

DPPIV
OATP1B3

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

400 bp

SLCO1B3 
gene

Reported TSS Novel TSS

Intron 2 (39 kbp)

Stop codon

15

ATG

2 31 1*

Liver-type (Lt)
OATP1B3-specific exons

Cancer-type (Ct)
OATP1B3-specific exon

Common exons

TSS: transcription 
start site

Liver type (Lt)-OATP1B3 mRNACancer type (Ct)-OATP1B3 mRNA

1 2 3 4 151* 3 4 15

The new isoform identified in cancer is 

hereafter referred to as 

The known isoform identified in the liver is 

hereafter referred to as 

Nagai, Furihata et al. (2012) BBRC 418:818-823.

(5’-RLM-RACE)



Lt-OATP1B3

Normal Cancer
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Ex 1 Ex 1*

Ct-

SLCO1B3

(A)n

Cancer cell

Ct-OATP1B3 mRNA

Nucleus

?
Organelle
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Ex 1 Ex 1*

Lt-

SLCO1B3

(A)n

Lt-OATP1B3 mRNA

Hepatocyte

Nucleus

Substrate

Lt-OATP1B3 protein

Ct-OATP1B3, which is a variant isoform of 

Lt-OATP1B3, is considered to be a bona fide 

cancer-associated OATP1B3 isoform.

Furihata et al. Curr Drug Metab 2015;16:474-85.



Identification of ribavirin uptake systems in 

human hepatocytes and characterization of 

their roles in ribavirin antiviral actions

Establishment of new immortalized 

human brain cells for development 

of in vitro human BBB models

3.
Identification of cancer-type 

OATP1B3 and its potential 
application to cancer therapy



Wong AD et al. Frontiers in 
Neuroenginering 2014 

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

In vitro BBB models 

can be applied to the 

different stages of CNS 

drug development.

In vitro BBB model

Blood

Brain

Brain microvascular 

endothelial cells (BMEC)

Astrocytes

Pericytes

allow

generally show infinite proliferation 

ability, human gene functions, stable 

phenotype, and cell-type specific 

functionality, which

are highly functional, but they show 

limited proliferation ability, rapid 

senescence, scarcity, and lot-to-lot 

variations, which

impede

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



Lentiviral transduction

Immortalized human BMECPrimary human BMEC
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Kamiichi, Furihata et al. Brain Res 2012:1488:113-22
Furihata et al. Fluids Barriers CNS. 2015:5;12:7. Furihata et al. unpublished.

Morphology

In vitro BBB model
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In vitro BBB model
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Furihata et al. J Neurochem. 2015, in press.

Furihata et al. unpublished.

Pericytes

Morphology NG2 PDGFRβ



HBMEC/ciβ

HASTR/ci35

HBPC/ci37

Blood

Brain

We have established HBMEC/ciβ, 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.

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