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ABSTRACT

Chronic hepatitis B (CHB) infection is a major global problem, with over 290 million
CHB carriers. Currently approved antivirals target the reverse transcriptase (RT) activity of the
hepatitis B viral polymerase. Emergence of drug-resistance has been reported in a small
proportion of CHB patients on prolonged treatment with antivirals. Hepatitis B virus (HBV)
produces two secreted antigens, Hepatitis B surface antigen (HBsAg) and HBV ‘e’ antigen
(HBeAg) and seropositivity for either antigens is associated with an increased risk of
hepatocellular carcinoma (HCC). Loss of secreted antigens or seroconversion to anti-HBs and
anti-HBe are signs of recovery. Therefore, inhibitors targeting HBV antigens may have
potential therapeutic applications. In this study, two small molecules (molecules 6 and 7)
targeting HBeAg and HBsAg identified using computational methods were experimentally
tested in a cell culture model for HBV. Both molecules exhibit low cytotoxicity even at high
micromolar concentrations. As confirmed by the dual luciferase assay, both molecules do not
interfere with normal cellular transcription or translation. Both molecules led to a reduction in
levels of HBsAg, HBeAg, HBcAg, HBV pregenomic RNA, HBV precore RNA, and HBV
virion secretion at low micromolar concentrations in wild type and lamivudine-resistant

rtM2041 mutant HBV.

Tenofovir and entecavir are the most widely used antivirals for treating CHB because of
their high efficacy and a relatively high genetic barrier for resistance compared to other
antivirals. With increasing usage of tenofovir worldwide for the treatment of CHB, the
resistance to tenofovir is expected to rise rapidly. Therefore, the urgent need for new therapies
for the tenofovir-resistant HBV is increasingly recognised. Here, the efficacy of molecule 7 on
clinically relevant drug-resistant HBV mutants was evaluated using over-length HBV

replicons. Molecule 7 inhibits secreted HBsAg and HBeAg encoded by twelve clinically
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relevant drug-resistant HBV mutants tested in this study in a dose-dependent manner despite
the presence of overlapping mutations in the HBV surface protein. Furthermore, molecule 7
significantly reduced pregenomic RNA, and precore RNA in most of the mutants tested. In
addition, molecule 7 inhibits virion secretion from most clinically relevant drug-resistant
mutants except for those harbouring the (rtL180M + rtM204V) mutation. Notably, the
tenofovir-resistant CYEI mutant and lamivudine-resistant rtM2041 mutant were susceptible to

molecule 7.

In a recent report ciclopirox, a US-FDA-approved anti-fungal drug, was repurposed as
an effective anti-HBV agent against wild-type HBV. Here, the efficiency of ciclopirox against
clinically relevant drug-resistant HBV mutants was evaluated using over-length HBV replicons
in cell culture. Ciclopirox inhibited HBV core antigen, HBeAg, and hepatitis B virion secretion
in multiple clinically relevant drug-resistant HBV mutants, including the tenofovir-resistant

CYEI mutant.

Molecule 7 and ciclopirox exhibit promising anti-HBV activity against several drug-

resistant mutants and merits further investigation.



HRTeT

shifeeh gUeTSTed ot (HTeel) HhHOT Teh YW o fRaeh HHET 8, foiae 290 fAfarge

O 3178 Wroae U §| ada s 7 Tfierd Tariid guersied o arave dreliadet & Rad

g (3RS afafafer & aféra sta &1 TanRe & Iy de@rfes 39aR W)

Hrorelt VAT & Teh B @ 39T A Sar-9feRier & 3eard S ga=r A g1 guersfea &
aRRA (TTETd) ar F1fdd gfdstel a7 T g, gUersied & aX%hd Tlisld (TTTHUSIT)
3R TTdET § e (TadsTe) AR e 7 § fandr o afaee & fow Raifafefad
gUCIAICIeR HITAGATAT (T & TG SN & & 3T &1 Tfctafelr &1 g1fer AT TAHIeAaotet
&k gl & Tohd gl AT, HBV Ufdstall &l dfald shiel dlel 37aTYehl & FATAT

Farfereir JreToraiter Y Taret £

HBeAg 3IR HBsAg &1 dIfald il arel HTTdd ©IC 370] HaEhl Sl dgeret
HEGL AT TYITT ThITeAaT, Sifehar 3R 0TI IictehT [HHCIRNST ST ITTTIT ek T 1S

AY| ZINC STTSH | &H o1 LT T S & g, TS B ITLHT T FrANNeh qlefor &

foT oTT aram ar (5. Y. ST, T T faeme, 3mS3seT fioel & weder #) | 3716

BT 0T A A, & B 3713 (3197 6 3R 7) @ HBsAg, HBeAg, HBcAg, HBV HISialfish

RNA, HBV &R RNA, 3R HBV aIRT= H1d & SiaTell TehR 3R A#IgSiaT-aicRred

rtM2041 3IRa HBV H el ATShIATCR Higrel H T &1 & sk ferm| . gt 3107 3o



ATSSHIATCR Higell W 3 A A TFHTIE! TeiRid il & 3N AT YefoR TTATHOR

T 31eTaTe H GEAaTd 61 il o |

AR 3R TeehIfaR Ture & SaTel & foT ged saTus §9 & STAATA [T ST
aTel TEARR § F3i{eh SeTehl 3T FHTGehIRT 3R 31 TEERRS T Jolell H FTRIer o
forT 3rdetTenet 3T 3MTeTa IR sTem § | Has & 3UUR o forw g s & SAwIfa & sed

3UAIT & Y, THAIBITAT & FTAUE Aol § §6a1 T 3FHIG & SHTAT, TATBITA-TIaRTE

TTETAT & folT AT 3UART T dcehlel 3T T T doil T IgaTAT T 8T & | TaT, RIfchcashra
& H T3 gar SR Teeidr #7¢e 9T 3707 7 T THIGRIRT T Hedleha! 3Tt wars

are! TIeitdT Ufdeh T T 3UNeT hieh foham a1m AT| 3107 7 T=reidl Helg NN A ifeardy

ScaRachel &l ST & dTasig Ueh TR TR @8R alieh @ 58 3rea3=l & q1e7or fohw 1w

IRE sialisleh &9 H WA gar i Taeidr F¢C gaRT Teehls fohT a0 ToeITHTST

3R TAETSH Y Uehell & | SHeb eI, 370] 7 o MehX IR ol {Aeh IRTT I 3T

FIET H 1T HA Y fEAT| $Hh 37T, 3707 7 (rtL18OM + rtM204V) ScTREcteT I DS
rfereprer RfhcaehIa &9 @ grafae gar 9ferie =yde & araRTer a1 & Al g1 faQw
&9 &, SAmfR-gfared CYE ScaRadt 3R AfAgiser-afared tM2041 scaRadt 3oy 7

fore rfaaacsTeier A

Vi



glel 8 &I Teh RUIC #, JUH-URSIT-ITANEGT shaenilth gar, [AerelfORierd
STATeN-Yeh & TEE & T Ueh YaTTell UEl-T=ralidl Usic & & & YA ffd foam aram
7| TgT, FRfehcaeha 7 & Yrafae gar 9l Taeidr #=g¢e & et el ftRied
C&TAT T Hedichel I HatT H 31U FaTs aTel TaEIdr G iadl FT 3TN Hleh
forar arar a1l RAFeNRiad® o7 HBcAg, HBeAg, 3R guersfed & araRas 1 & &
Rfrcahra ®a @yl gar-afaieh HBV #=gée 7 U o, foraet earmifar-gfarieh

CYEI ¥ 8T AfAeT B |

3707 7 3R RsFel i S gar gt 7g¢e & e vd-vadidr afafafer @

areT Xt § 3R 3T T S T AOT @A B

Vii



Table of Contents

AKNOWIEUGEIMENTS. .....eeviiciie ettt ettt te et e e e s ae e teeseesteesseaneesae e seeneeasaeseaneenrens i
Y 0] 1 = [ot RPN i
LIST OF TIGUIES ..ttt bbbttt e e bbb Xiii
LISE OF TADIES ...ttt nbe e nres XVi
ADDIEVIATIONS . ...ttt bbbttt bbbt Xvii
TRESIS OULIING ...ttt bbb xviii
1. ReVIEW OF [IEBIAtUIE......cvieie et e e e e sreenee s 2
1.1 INEFOTUCTION .ottt sttt e besbe b snenneas 2
1.2 HBV morphology and Genome organiSation............cccoceveiireninenieiene s 3
121 P ORF ettt bt ereeneas 6
1.2.2 S ORF ettt et reareenen 7
1.2.3 C ORF ettt ereas 9
I R @ T LSS 11

1.3 HBV LITECYCIE oot 11
131 VITAL BNTNY oo e 11
1.3.2 HBV cccDNA formation and transcription............cccccevveveiieneene e 12
1.3.3 ENCAPSIAALION......cuiiiiiiiiiieiieeie et 13
1,34 IMATUTATION ..ottt bbb 13
1.3.5 Virus assembly and Intracellular amplification ............ccccoveviiiiiiniienennne 14
1.3.6 HBV INTEQIatioN ......c.ooiieiieie ettt 14

1.4 Epidemiology Of HBV ..o e 15
1.4.1 Global distribution of HBV GENOLYPES ......ccceeveriiiieiieiieiesiesie e see e 16

15 HBYV MUEALIONS ...ttt sttt ane e 18
1.5.1 Precore/Core MULALIONS ........ccoeiveiiiiiiisisiee et 18
1.5.2 SUITaCe MUEALIONS .......oiiiiiiieiiieiiee ettt 19
1.5.3 POlYMErase MULATIONS ........ccoriiiiiiieiiiiie e e 20
1.5.4 HBX MULALIONS ....ooviiiiiiiieiicie sttt 21

1.6 ChroniC HepatitiS B........ccccoiiiiiiiiee e 21
1.6.1 PhaseS Of CHB......ocuoiiiiiei et 21



1.6.2 Age at infection and ChroNICITY ........cooeiiiiiii e 22

1.6.3 HBV-induced Hepatocellular carcinoma ..........cccccvevvevveieiiene e 23
1.7 HBYV VACCINE. .. .i ittt sttt sttt r et et ne e beeaeenee e 23
1.8 THEAIMENT. ..ottt ettt et e bt et e e b e e te e nreeenes 24

181 INTEITEION et ettt 24

1.8.2 Nucleoside/nucleotide analogUES ...........ccoeiiiiiirine i 25

1.8.3 Direct acting antivirals in development............ccooeiiiiiiciii e 28
1.9  Cell culture models for studying HBV .........cccooeiiiiiiiineieeee e 33
L.10  RETEIEINCES ...ttt ettt be e 35

2  Experimental screening of potential small molecule inhibitors targeting HBV proteins
55

/220 A 1 4 o 11 od [ ] o ISR 55
2.2 Materials and MEtNOAS..........cooiiiiiiiee e 59
2.2.1 IMOIECUIES ...ttt nne e nne e 59
2.2.2 CYLOtOXICITY TESTING ....veeieiiiecieeie ettt 59
A T F= TS o o KSR 60
2.2.4 TrANSTECTION ..oovviiieieic ettt st sbeere s 60
2.2.5 Estimation of secreted and intracellular HBV proteins...........ccccocevvininnnnne 60
2.2.6 DUl TUCITEFASE ASSAY......ecveireeieiiesieeitectee st e ste e e et e et e re e e e nneenee e 61
2.3 RESUIES ettt e nee e 62
2.3.1 CyYLOtOXICITY STUAIES. ... ccviiiieiiieiecie st 64

2.3.2 Initial experimental screening of computationally predicted molecules for
inhibition of HBSAQ, HBEAQ and HBCAQJ.......ccoiiieriee et 66

2.3.3 Molecules 6 and 7 do not interfere with cellular transcription and translation

MACHINETY ..ottt b et bttt e bbbt be e 68
2.4 DISCUSSION ..o 69
2. R I ONCES oo 71

3 Understanding the effect of selected small molecule inhibitors on various stages of
HBYV FEPHCALION ..ottt bbbt b e bbb 79

3.1 INErOAUCTION ... 79



3.2 Materials and MethOds. ........oooeovieie 81

3.2.1 Plasmid CONSTIUCTS ........ciiiiriiiiiieiie et 81
3.2.2 Transfection of HBV plasmid into Huh7 cells ... 81
3.2.3 Estimation of secreted and intracellular HBV proteins..........cccccocevvveiinnnnne 81
3.2.4 Transfection of sub-genomic expression CONSLIUCES.........cccvevveiieeiieciiee e, 82
3.2.5 Estimation of HBV precore and pregenomic RNA .........ccooviiiiiinincnininns 82
3.2.6 Quantification of secreted HBV ..........ccoiiiiiiiiiiie e 83
3.2.7 DaAta ANAIYSIS. ...cceiieiiitiiiiiti i bbb 84
3.3 RESUILS ottt b e reere s 85
3.3.1 Molecules 6 and 7 inhibit HBsAg and HBeAg in a dose-dependent manner.85
3.3.2 Molecules 6 and 7 inhibit intracellular HBsAg and HBCAQ...........cccccvevveneee. 86
3.3.3 Inhibition of HBsAg and HBeAg by molecules 6 and 7 is independent of
other HBV-enCOded ProteiNS ........cccvcviiieieciesie sttt 87
3.3.4 Molecules 6 and 7 led to significant reduction of HBV precore and
PregenOmMIC RINA .. ..o ettt e e e e et e e e e sseenaeenneenee e 89
3.3.5 Molecules 6 and 7 inhibit hepatitis B virion SECretion ............ccccecevereninnnnnne 90
I B 1ol U 1] (o] o F USROS PPPPTPRTPRPRON 91
3.5 RETIBIENCES ...ttt bbb e 94

4 To assess the efficiency of selected small molecule inhibitors on clinically relevant

Arug-reSISTANT HBV ......oiiiiieiee ettt sttt sne e e 100
4.1 INTFOAUCTION ..ttt e bbb 100
4.2 IMALETIAIS ..ot b e 104

4.2.1 Plasmid CONSTIUCTS ......ccuiiiiiiiiiiieie ettt 104
4.2.2 Transfection of HBV plasmid into Huh7 cells ............ccccooi i, 104
4.2.3 Estimation of secreted HBV Proteins.........ccoceeieiininenienineieese e 104
4.2.4 Estimation of HBV precore and pregenomic RNA ........ccccoeviiiiievic e, 105
4.2.5 Quantification of secreted HBV ... 105
4.3 RESUILS ..o 106

4.3.1 Molecules 6 and 7 inhibit HBsAg & HBeAg encoded by lamivudine-resistant
HBYV in a dose-dependent MANNET .........ccccciviiiiiieie et 106
4.3.2 Molecules 6 and 7 led to significant reduction of precore RNA and

pregenomic RNA encoded by lamivudine-resistant HBV...........c.ccccoocviviviiieceennns 107



4.3.3 Molecules 6 and 7 inhibits HBsAg & HBeAg encoded by clinically relevant
drug-resistant HBV mutants in a dose-dependent manner...........c.ccccevvvevvevveninenne. 112
4.3.4 Molecules 6 and 7 led to reduction of precore RNA and pregenomic RNA
encoded by clinically relevant drug-resistant HBY mutants...........c.cccoccevviievinnee. 117

4.3.5 Molecules 6 and 7 inhibit hepatitis B virion secretion in clinically relevant

drug-resistant HBY MUEANTS ........cccoviiiiiie e 118
A4 DISCUSSION ..ttt mnsssssssssnssnnssnnsnnnnnnennnennnnns 119
4. RETOIEINCES ..oeeeeeeeeeeeeeeeeeeee ettt ee s ss e eses e nse e s e s e s e s s nnnnnnnnnnnnnnnnnnnnnnnnnnnn 122

5 Experimental screening of FDA approved small molecules for repurposing as anti-

HBYV QQBNTS ...t 126
o T0 A 1 011 oo [¥ o1 o] o USSP 126
5.2  Materials and Methods.........cooueiiiiiiieiieee e 128

5.2.1 IMOIBCUIES ...ttt sbe st 128
5.2.2 CYLOTOXICITY @SSAY ...e.veveviriieiiesieteiesieste sttt ettt b et e e nn bbb 128
5.2.3  PlaSIMIUS ....uiiiiiiiiieiteste sttt bbb 128
5.2.4 Transfection of HBV plasmid into Huh7 cells ... 129
5.2.5 Estimation of HBV Proteins........cccccciieiiiieiieic e 129
5.2.6 Transfection of sub-genomic expression CONSErUCES..........ccoovrveiieeiesienieenne. 129
5.2.7 Quantification of secreted hepatitis B VIFiON ..........cccccoevevveiiiiciiesece e, 130
5.3 RESUILS . ettt eas 131
5.3.1 CytOtOXICItY TESTING ....veeiveeieiieiie et sra s 132

5.3.2 Initial experimental screening of FDA-approved drugs for repurposing
AQAINST HBY PIOtEINS ..ottt nna s 133
5.3.3 Cefixime inhibits HBsAg and HBeAg in nanomolar range at a single dose 136
5.3.4 Cefixime-mediated inhibition of HBsAg and HBeAg is not independent of

OLNEr HBY PIrOTEINS. ..oeiiiiiiie ittt e e ae e reas 136
5.3.5 Ciclopirox inhibits HBV core antigen encoded by clinically relevant drug-
FeSiStant HBY MULANTS.........coiiiii e 137

5.3.6 Ciclopirox inhibits HBeAg encoded by clinically relevant drug-resistant HBV
MMUTBINTS L. r e 138
5.3.7 Ciclopirox inhibits virion secretion in clinically relevant drug-resistant HBV

MMUTBINTS ..o 139

Xi



B4 DISCUSSION ... 140

B D REIBIEINCES ...ttt ettt e et e e e ————— 142
B FULUIE dITECHIONS ..o 146
AUINOT’S REOSUIMIE...............cseeeeeeeeeee et e e ettt e e e e e e e tereeeeeeeeeeteee e taee e esetareetareetaressaeeesaeereen 147

Xil



List of figures

Figure 1.1 Schematic diagram of the HBV genome. .........cooviiiiiiiiiiiieecec e 5
Figure 1.2 Domain organization of HBV POIYMErase .........c.cccevveveiiiiiese e 6
Figure 1.3 The open reading frame encoding hepatitis B surface antigen. ............c.cccccevrennnn. 8
Figure 1.4 Schematic illustration of the translation of HBV precore and core proteins......... 10
Figure 1.5 Schematic overview of Hepatitis B virus life cycle ..., 15
Figure 1.6 Global prevalence of hepatitis B virus infection. .........c.ccccoeeevvevveve s, 16
Figure 1.7 Distribution of HBV genotypes by COUNtIY........cccccooiiieiinieiieeee e 17
Figure 1.8 Structures of approved oral antivirals............ccoooeiiiiniiiiie e 26

Figure 1.9 Chemical structures of representative capsid assembly modulators (CAMS) ....... 30

Figure 2.1 Molecular scaffolds of selected small molecules (1-8). .......ccccoevveveiieieniernenne. 57
Figure 2.2 Cell viability in presence of Molecules 1-8..........ccccooiviiiiiiiiiic i 65
Figure 2.3 Initial screening of small molecules 4, 6, and 7 for inhibition of HBsAg............. 66
Figure 2.4 Initial screening of small molecules (1-8) for inhibition of HBeAg. ...........cc....... 67

Figure 2.5 Initial screening of small molecules (1-8) for inhibition of intracellular HBcAg .68
Figure 2.6 Relative luciferase expression in Huh7 cells transfected with luciferase reporter
and renilla control plasmids and treated with molecule 6 or molecule 7..........ccccoveiieiennnnns 69
Figure 3.1 Dose-dependent inhibition of wild type 1.3xHBV encoded HBsAg and HBeAg by
molecule 6 and MOIECUIR 7. ......oveeieeieciee et 85
Figure 3.2 Inhibition of intracellular surface antigen expressed from wild type 1.3xHBV
construct by molecule 6 and MOIBCUIE 7..........ooviiiiiiiie e 86
Figure 3.3 Inhibition of intracellular core antigen expressed from wild type 1.3xHBV
construct by molecule 6 and MOIECUIE 7. .........ooiiiiiii e 87
Figure 3.4 Inhibition of secreted surface antigen expressed from sub-genomic PreS2/S
construct by molecule 6 and MOIECUIE 7..........ooiiiiiiiiee e 88
Figure 3.5 Inhibition of secreted ‘e’ antigen expressed from sub-genomic PreC/C construct
by molecule 6 and MOIECUIE 7 .......ooureiie e e 89
Figure 3.6 Inhibition of HBV precore RNA encoded by wild type 1.3xHBV construct at 10
UM concentration of molecule 6 and MOIECUIE 7...........cccov i 89
Figure 3.7 Inhibition of HBV pregenomic RNA encoded by wild type 1.3xHBV construct at
10 uM concentration of molecule 6 and MOIECUIE 7.........ccovriiiiiiiiii e 90
Figure 3.8 Inhibition of secreted hepatitis B virion/ml supernatant at 10 uM concentration of

Molecule 6 and MOIECUIE 7 ... 90

Xiii



Figure 3.9 Schematic representation of the effect of molecule 6/7 on different steps of
hepatitisS B VIFUS FEPHCALION .........coviiiiiieie e a e 92
Figure 4.1 Schematic representation of the mutations in HBV polymerase’s reverse
transcriptase region and overlapping surface ORF of HBV. .........cccccovvvviieiieiie s 101
Figure 4.2 Dose-dependent inhibition of lamivudine-resistant rtM2041 mutant HBV encoded
HBsAg and HBeAg by molecule 6 and MoIeCUle 7 ... 106
Figure 4.3 Inhibition of HBV precore RNA encoded by lamivudine-resistant rtM2041 mutant
1.3xHBV construct at 10 uM concentration of molecule 6 and molecule 7 ............c.cc......... 107
Figure 4.4 Inhibition of HBV pregenomic RNA encoded by lamivudine-resistant rtM204I
mutant 1.3xHBV construct at 10 uM concentration of molecule 6 and molecule 7 ............. 108

Figure 4.5 Molecule 7 mediated dose-dependent inhibition of secreted HBsAg encoded by

wild-type, C, E, CE, YE and CY mutant HBV .........coooviiiiiiiiee e 112
Figure 4.6 Molecule 7 mediated dose-dependent inhibition of secreted HBsAg encoded by
CYE, CYEI, MV, CYEMV, CYELMV and CYELMVI mutant HBV.............cccccceevvernn 113
Figure 4.7 Molecule 7 mediated dose-dependent inhibition of secreted HBeAg encoded by
wild-type, C, E, CE, YE and CY mutant HBV .........cccooiiiiiiiicece e 114
Figure 4.8 Molecule 7 mediated dose-dependent inhibition of secreted HBeAg encoded by
CYE, CYEI, MV, CYEMV, CYELMV and CYELMVI mutant HBV............c.ccccceevvivnnnn. 115

Figure 4.9 Inhibition of HBV precore RNA encoded by wild-type and mutant 1.2xHBV
construct at 10 uM concentration of Molecule 7. 117
Figure 4.10 Inhibition of HBV pregenomic RNA encoded by wild-type and mutant

1.2xHBV constructs at 10 pM concentration of molecule 7 ...........ccovviiiiiiiiiiciiiiee 118
Figure 4.11 Hepatitis B virion secretion in wild-type, C, E, CE, YE, CY, CYE, CYEI, MV,
CYEMV, CYELMV and CYELMVI mutant HBV after treatment with molecule 7. .......... 119

Figure 5.1 Cell viability of Huh7 cells in presence of pentetic acid, tiludronic acid, cefixime,
ANA CICIOPITOX 1 .viitiitieiti e e et b bbb sre s 133

Figure 5.2 Initial screening of pentetic acid, tiludronic acid, and cefixime for inhibition of

Figure 5.5 (A) secreted surface antigen expressed from sub-genomic preS2/S construct at
100 nM cefixime (B) secreted ‘e’ antigen expressed from sub-genomic preC/C construct at
80 NIM CETIXIMIE. ..ttt bbbttt e bbbt b ens 137

Xiv



Figure 5.6 Ciclopirox inhibits intracellular core antigen in wild-type and clinically relevant

drug-resistant HBV MUEANTS ........ccceiiiiiiiciicce et 138
Figure 5.7 Ciclopirox inhibits secreted HBV ‘e’ antigen in wild-type and clinically relevant

drug-resistant HBY MUEANTS .........oiiiiiiiieieeie st 139
Figure 5.8 Ciclopirox-mediated inhibition of hepatitis B virion secretion ..............c...cee..... 139

XV



List of Tables

Table 2.1 Computationally predicted small molecules proposed for experimental testing. ...62

Table 3.1 ICso values (uM) for wild-type HBV encoded HBSAQ and HBeAg. .........cccccvveeene 86
Table 4.1 Clinical significance of single amino acid substitution in the reverse transcriptase

FEOION OF HBV ...ttt et et esteesae e e sraeaesneesteaneens 102
Table 4.2 ICsp values (uM) for lamivudine-resistant rtM2041 mutant HBV encoded HBsSA(g

100 I ==Y Ao PSSR 107
Table 4.3 Details of the 1.2x HBV replicons used in this Study. ..........cccccoveereniniinnennnne 109
Table 4.4 ICso values (uM) for inhibition of wild-type and mutant HBV encoded HBsAg and
HBEAQG DY MOIECUIE 7. e 116
Table 5.1 FDA approved small molecules proposed for repurposing against HBV proteins.

................................................................................................................................................ 131

XVi



aa

ALT
CAM
cccDNA
CDC
CHB
CYEI
dIDNA
DNA
ELISA
ER
HBCAg
HBeAg
HBsAgQ
HBV
HBX
HCC
HIV
HTS
MV

NA
NTCP
OBl
ORF
PEG-IFN
pgRNA
RC DNA
RNA
RT

US FDA
WHO
YMDD

Abbreviations

Amino acid

Alanine aminotransferase

Capsid assembly modulator

Covalently closed circular DNA

Centre for Disease Control

Chronic Hepatitis B

rtS106C + rtH126Y + rtD134E + rtL269I
Double stranded linear DNA genome
Deoxyribonucleic acid

Enzyme-linked immunoassay
Endoplasmic reticulum

Hepatitis B core antigen

HBYV ‘e’ antigen

Hepatitis B surface antigen

Hepatitis B Virus

Hepatitis B x protein

Hepatocellular carcinoma

human immunodeficiency virus
High-throughput screening

rtL180M + rtM204V
Nucleoside/nucleotide analogues

Sodium taurocholate co-transporting polypeptide
Occult hepatitis B infection

Open reading frame

Pegylated interferon-a2a

Pregenomic RNA

Relaxed circular DNA

Ribonucleic acid

Reverse Transcriptase

United States Food and Drug Administration
World Health Organization
Tyrosine-methionine-aspartate- aspartate motif
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