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The Role of Sodium-taurocholate Co-transporting Polypeptide as a
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According to World Health Organization, more than 200 million people suffer with chronic hepatitis caused by Hepatitis
B virus (HBV) infection worldwide. Chronic hepatitis B causes various complications including liver cirrhosis and
hepatocellular carcinoma and approximately 0.5~4.2 million deaths occur annually due to HBV infection. Current therapies
such as antivirals and vaccine are often hampered by drug intolerance, side effects, and long-time medication, therefore,
the development of powerful anti-HBV drugs is demanded. Recently, sodium taurocholate co-transporting polypeptide
(NTCP) receptor was revealed to play a pivotal role in HBV entry into hepatocytes. Cell lines transfected with NTCP
receptor enables to analyze HBV life cycle by inducing HBV infection stably, but in vivo models still have some limitations
such as high costs, restrictive differentiation, and unveiled cofactors related to human NTCP. Therefore, it requires
well-established in vivo models to develop and evaluate novel therapeutic agents targeting NTCP receptor, and viral entry
inhibitors that inhibit the early step of viral infection are potent sufficient to substitute for existing antivirals.
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Genomic DNA

9 > ~ . Envelop lipid Figure 1. Structure of Hepatitis B virus. HBV
L (from host cell) $ X
% %50000 ’ consists of an outer envelope and inner nucleo-
~ : ’ ‘ capsid. The envelop contains HBsAg which com-
.. .. - ) prises three proteins; the small (S), middle (S+
“ “ :Eg:g?swe anigen preS2), large (S+preS2+preS1) surface protein.
‘ .. .. M Among them, only the preS1 domain has an in-

Hepatitis B e antigen

(HBeAg)

nlo] 2] 2~ I} (Hepadnaviridae)2] DNA Hlo| 222, 196513 1]
=12] Blumberg7} L 2=EddE|o} YFT1e] FH oA A
o sl exEr Aol o st 7]
42 nm= FHIAHBsAg)e] WA= vpole]2 upg
% 7 A(envelop)?t A E-AMHBcAg)O] U= A =(capsid)
o] o]F il HAw o] 9lom A== 32 kbp
719 circular partial duplex DNA genome} HBV poly-
merase HHAE 2] A3 At} HBsAg A= §lo]
o w 3] ALk o] UF DNA Aol fi= w99
ol FHEEE] el FEjE Wk Feoll ujo A T
715 sh=tl o] - Aol gl7] miZel ABatele] s
A A (subviral particles) == 3 AHempty particles)=F1L
B2} 42 nme] T8¢ Dane QA= 3.2 kbpel ©]F7}
S DNA A3} 23s e A= el Bl npgd
% AEE BT 2 Q7] wiel el sl oA
ot el nlg]2olth HBsAgS 7]l we} L, M-, S-
HBsAg® %™ 242} 1:1:49] v]&= %] glrk
S-HBsAg2 S domain?Hs, M-HBsAg pre-S29} S domain
<, L-HBsAg2 pre-Sl, pre-S2, S domaing 714 53]
pre-S1 domain> HBV 7ol +8.35 9&-& sh= o
2 ZEAIES] receptordl] AE3h= vlo]E 2 R 9E
SHCh(Fig. 1) (2, 3).

Ze] Aol whEm HBVE 7HAIE2HO] heparan sul-
fate proteoglycans (HSPGs)oll -2+t & HBsAg2] pre-Sl

fectious capacity. The capsid encloses genomic
DNA, DNA polymerase, HBeAg, and HBcAg.

domain®] 7FH|3E =8-A21 sodium taurocholate cotransport
polypeptide (NTCP)oll Z23}3}d endocytosisE &3l {HA|AE
oto 2 sk} A £ uncoating ¥4-S 73 genomic
DNAZ} &2 ©]& 38k} Genomic DNAE & Tl A epi-
some FEZ X %= HBV DNAQ! cccDNA (covalently
closed circular DNA)Z 3T} cccDNAT subgenomic
RNA (sgRNA)®} pregenomic RNA (pgRNA)Z ZAE &= 5=
Fo AHgEo] HBYV 540l B54¢1 FEjolth pgRNA
= A4 =R o]E3te] HBVE genome DNA Ao RNA
FEor ZYH AFHo] e JGHrtaLol o3
genomic DNAZ 3= T}

AR A ewm AREEAL = W BE 1H A=A
25= IFN-0, pegylated INF-a (peg INF-o)2} Nucleos(t)ide -
AFA?1 lamivudine, adefovir, entecavir, telbivudine, tenofovir
ol Atk teFg ol 28-S YEhl= INF-oe
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& FBzkgo] YEFITH (4). Nucleos(t)ide f-AF4= HBV
polymerases®] 285 4408 Asfst7] wjzo] 3 <t
ol A relaxed circular DNA (rcDNA)2] cccDNA=Z2] 315
A5kl HBV 542 9=t} ©]#3F Nucleos(t)ide -FrAH
Al datFAE obd A8 o R FokE7] i
o BA}E9] ol thek AR HANE o 7|7F F<t



NTCP, the Receptor for HBV

oFE Hgahs Aol ek Wdol ofE kg
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ato] wpole] o] FhAlEze] 1] A4S HAWslE HBV
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7+ M AEF(primary human hepatocyte,
PHH)7} HBV®| 4] ¥4 3} s kol 2E5a gl
712 SHAIRE o] 843 7hA WellA gHAIE Kelal 9}
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TE WA AlE AdF9 SHAE 535k HBV #4Y
o gk M2 AE5A MES ddd 5 vk HellA
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Az AsliAlel tigk kARl 8-S AT
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HBV7} <529] FhA el d%7] fleir= IhAl 29}
o] Z&AJ8H= heparan surface proteoglycan®l] -2tk 7+
= AlERE Aol Al (5, 7IE ATl HBVS| 1t
A B2 dAlol A HSPGs7} 8. binding factor® 283}
o] HBV 7ol sjal]Ql ks ghrfal Wizl vt glrh
(8). SHAIRF HBV7} SAatel] 24407 Fo7b7] 9
e F oo 2 IS 7 HE SolF]
87y oy 1 FEAE Wel7] 9% At Al
290t 9). 198619 HepG2 A3l ZA3gtéel= HBV
L-HBsAgS 733k Pre-S1 =HIQl & ofv]it A4 2-
4730l = H-9(PLGFFPDHQLDPAFGANSNNPD-
WDFNP)7} ZHH 2] Afal= gite &8s dvha &
&ttt (10). 22y 2 GAYE &le et HBVY] Pre-Sl
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Aol A=
TAE W2 &5
ML) bt R
FEA9 #Ao] d& A .
o o]2& HBsAgS 43 pre-S1 Z=H|1e] ofw]it
(amino acid, AA)S #A18F0] AA 9-18 o] {HA|Eo|
EAHE EAlel Al ol B5A FEolr AA
2948 o] Ajts Y Aslste] BE % DE 11 wlol
gjze] gRte qes sto] S dolvhal Basigl
ow (2) 20121 %0 =rjo] 57 whdol Agel= v
AES GAs] W 7149 TAP (Tandem affinity purifi-
cation) ©]-&3le] HBVE Pre-S1 =H|¢l3} 2o 7
Ajtete sTAEe] F8A%] NTCPE 4 stA |t
(Fig. 2) (11). ¥ Yol7} NTCP 8471 & So|8o=w
HBV 79& sl 545 93] 914 HBV pre-Sl
Lulet Ao Agel= NTCP 7849 Zr4<l
F-H(AA157-163)F HBV 79SS Fdhs A E(AA 84-
87)S w413k A}, Algke] NTCP (hNTCP) =842 7
= 7 AE2TE B EAEEARE w2 NTCPO 7
o= AA84-87 o] A E o] S ERISIT (3,
11~13).

NTCPS| #1x2} 7|5

Solute carrier (SLC)= Al|2ERMe] 45 ©dslz w2
2 F 52 s sk 30071412 fFARtE A
o] Jom 53] gFite] 55 wdshs SLC10 e
(SLC-10A1~7) & SLC10A1 7=kl <J&ll hNTCP7} Tk
EolxIth (14). @A NTCPS] 27} ¢HshAl vhsl =]~
= Fokou F= IbAES T Al Exdhe | wd
FA hNTCP®] 735 3497]9] o =ito 2 535 o] )
o AL 56 kDaolt} (3). NTCPE 7~9 7H2] AlE-S
ke mrRlE 7HAAL e Ao ® FAEH NTCP
N 9= AlZe vpgZhol| ¢ W9 AR <F
o XI5 vt (15, 16).
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o} Agtel= ZE|gPEto] =0tk NTCP 8-4= 2 ¢
A3 A sodium ion YEF 072 HFARS T45R= A3
FgAe] 98t (17)3 HBVY pre-S1 =m|¢13} ZAgla)
7k mpolg o] FYUSEE AT 9IS ) o
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Figure 2. Hepatitis B virus S protein structure. (A) HBsAg consists of three surface proteins. The small S antigen has only S domain and
the middle S antigen harbors preS2 and S domains. The large S antigen contains preS1, preS2, and S domains. (B) Schematic structure of
preS1-S2 domains. preS1 domain amino acids 2-77 are necessary for viral infection. Among amino acid 2-48, amino acid 9-18 are essential
binding sites of HBsAg for NTCP receptor of human hepatocyte, and amino acid 28-48 are accessory parts. Both preS1 and preS2 domains

are important for virion formation.

o ZHAIE vize] 1gde] AsE= AL Fa o] F 7
7Ve& BhE NTCPO] Fito] A= SgHold] ags o
TAINEA G vk Sl (11,17).

NTCP 28 MEF U 81

HBVY <FAx=e] 29 7A4oA] NTCP 849

d&e Z=1aly] 93 siRNAS ©]-&3fe] NTCP] w3
< JAA1Z] PHH (18) 2 3lollA HBV #AE°] 30~50%
AL ZFo=E= AL I3t 19). o]x&E NTCPE 2+
HAZD A|EFo| A= HBV 9 EC] 50~70% A== H|

S b}E} HbA NTCP 2 Ol °Fet HepG2, Huh7

LEREA] ¢k IE} 319t lipofectamineS- ©]-8-8Fo] hNTCP
FAAE AR EM EZ] F-AFYAIZ] AT} hNTCP-
HepG2, hNTCP-Hun7 A3 HepG2, Huh7 A ¥$} B]ul&}
%S wl HBV 7% &&°] PHHS} vl A== 4] U
RS 18T (5).

T3 HepG2 Al DMSOE A 231lS w Al W)

DNA7} S7hehth= o) A¥E Edi= (20) AE s 27
hNTCP-HepG2 H3EE 2%2] DMSO7}F H 71 sl =] o]
oFslH HBV 2% A%7F 10% ©]dko]t} DMSOS 2.5~
3%2 S7HAIZ miR A= TE Z80] 50~70% A%
2 Aol HEEA (5, 11). ©13H hNTCP-HepG2,
hNTCP-Huh72] 25 ol DMSOZ #2l5}3S 7-%-
hNTCPSFe] 23 53 HBV 2 &&o] =obd 4= 9l
t}. 0|23k 232 Eal DMSO7} Ao L& = NTCP
o] ¢k NTCPS] A|EuelAle] wd 9%, NTCP9] post-
translational modification®l] F¥-S Fo= AS 5T 5
Atk sHAINF DMSO 57t wE NTCP2} HBVe| AgH
of ot 7+ a8 Tujel HAH At uﬂ?M%% o}
2 937l vt §lojA o B2 At Zasit
AG7HA] A vhel o] FAF9YS Fal hNTCP
= AT AEo] Al TR WdE R
Hepal-6, MMHD3 3} 7+8 wh9-2 A EF=0] A= hNTCP
FAAE 21914 0 7 HHE A A % hNTCP-HepG2, hNTCP-
Huh7ol| 4] #25= 52 HBV o] YEhA] 87
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Figure 3. NTCP amino acid sequence homology between human and other species. (A) Identities and Homologies come from protein
sequence Homo sapiens against Crab eating monkey, Rattus norvegicus and Mus musculus. (B) Schematic drawing of HBs domain of Homo
sapiens, macaca fascicularis and mus musculus. Amino acid full sequence of Homo sapiens is in discord with that of macaca fascicularis
and mus musculus. Amino acid 157-165 of macaca facicularis and amino acid 84-87 of mus musculus are different from Homo sapiens

amino acids.

wjolt} (12).
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= SOl NTCP7F 8.3k A5 sb7] flaixle Abgt
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7h Bostts Ae e 5= vk 2 Aol wEd
Glypican-52} heparin sulfate®] 5-7-0] HBVS} hepatitis D
virus (HDV)9] SFAHE 29| 219 Al NTCP9} 7 58
Sk 9JEs sha B 1% o™ Glypican-52] WS A 3|
3198 w HBVE] HA| Ao #H|¥:= HBsAg¥ HBV
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7HA) méﬂﬂ hNTCPE sk AX2TEd g HBV
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Figure 4. Schematic representation of the hepatitis B virus attach-
ment. Heparan sulfate proteoglycan (HSPG) and Glypican5 (GPCS)
help pre-S1 domain of HBsAg attach to NTCP receptor expressed
in the surface of human hepatocyte.
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AA7HA] 9]l 32 Q1 NTCP A3l Al 2+ myrcludex
B, cyclosporin A 5-©] 31t} Myrcludex Bi= HBVS] 739l
Lrle] mg~EUshy 2289 o]
Ao HE frEfEo] FdE A4 eto]l=olth Myrcl-
udex B HBVE| pre-S1 =13} A2 02 hNTCP
Agtete] HBVE] A2 =9 19 2 A4S A3l
3l 9F 100 pM2] W Iy, F=E YERATE T3k uPA-
SCID v}$-2=7} HBVOl #4=7] Aol myrcludex BE 5
Y35 HBcAg A/do] matH o= Asid ¥ ofy}
HBV 42} cccDNAS] A% oA e thal Halwlow
(25) AA et PdAdS H53t7] $13F phase Ib/lla
A Algo] F&Y Folt} (28). Cyclosporin AT T A|Z &
el F83k ZAFHe &5s AAshHE WA AA
2 odeA Ak 2013 %00 Bzl A A o] mEw
cyclosporin A7} NTCP<} A3l HBVY pre-S1 =<1
I} AR o] 7FstH 8 uMe]| cyclosporin A4 7HE E&
Aoz ATFS AAFo] FelE ) (29). hNTCP-HepG2
A3 cyclosporin A2} myrcludex BE W8 A2] A] F <F
Bo| Aoz 2831=d o] Myrcludex B} cyclos-
porin A7} Z¥E= NTCP H-i#o] M2 dX|3s Hojs

72421 pre-S1
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o} (29).

NTCP9] 71242 &423 estrone-3-sulfate, dehydroepiandro-
sterone (DHEAS), bromosulphthalein®} 72 steroidal hormone,
taurocholate, taurourosodeoxycholatet™ hNTPC-HepG cell,
hNTPC-Huh7cellol X} HBV 213} sAloll A 2]stis v
hNTCPell g4 o= Agtsto] HBVE| X A4S <
A3k ©]3= hNTCPol| 2|3} taurocholate uptake’} 1=
ﬁolﬂ“ﬂr (29) HBV 74 ﬂx}«%ﬂﬂl Eds

taurocholate uptake-% %.LJ_‘G]—E s g OJ'G]'C’% Aoz
HBV 714 AYS v dnpelg A= i 7Fed A
ot} (30).

HepG2, Huh7 celloll hNTCPE Z}d 3t NEFE o] &
3P NTCPE A REPIO R Agdhe Sass des
Adsh= b F-83shy Z ol o] WHOZ Oxysterol Al
2] ﬁrf&%%ﬂ NTCPol| Z3te] HBVE] 73S oA
e Zlojgt= A7 Bard vk Slvk (5).
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NTCP, the Receptor for HBV

glom AFA| Lo M= ©]9] endocytosis®] EX 5o I
&S FHshs Al Aee AlAekaL 3l of2dt
ATATEe] ANHEH V& AHS S5 TE B
ol g HBVell thet A7} 7Fed Aotk o 1
oP7F NTCPe} Agfste] whole]of 219} A& A
TS AER V1] Pt Al RS Ve &
T At
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