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Abstract

Hepatitis B virus (HBV) is known to cause severe liver diseases such as acute or chronic hepatitis, liver
cirrhosis and hepatocellular carcinoma. Chronic hepatitis B (CHB) infection is a major health problem with
nearly 300 million individuals infected worldwide. Currently, nucleos(t)ide analogs (NAs) and interferon alpha
are clinically approved treatments for HBV infection. NAs are potent antiviral agents that bind to HBV
polymerase and block viral reverse transcription and replication. Besifovir dipivoxil maleate (BSV) is a newly
developed NA against HBV in the form of acyclic nucleotide phosphonate that is available for oral
administration similar to adefovir and tenofovir. Until now, resistance to BSV treatment has not been reported.
In this study, we found a CHB patient who showed viral breakthrough after long-term treatment with BSV. The
isolated HBV DNA from patient’s serum were cloned into the replication-competent HBV 1.2mer and the
sequence of reverse transcriptase (RT) domain of HBV polymerase were analyzed. We also examined the drug
susceptibility of generated clones in vitro. Several mutations were identified in HBV RT domain. A particular
mutant harboring ten RT mutations showed resistance to BSV treatment in vitro. The ten mutations include
rtV23I (I), rtH55R (R), rtY124H (H), rtD134E (E), rtN139K (K), rtL180M (M), rtM204V (V), rtQ267L (L),
rtL.2691 (I) and rtL336M (M). To further identify the responsible mutations for BSV resistance, we performed
in vitro drug susceptibility assay on several artificial clones. As a result, our study revealed that rtL.180M (M)
and rtM204V (V) mutations, already known as lamivudine-resistant mutations, confer resistance to BSV in the

CHB patient.

Keywords: hepatitis B virus; besifovir dipivoxil maleate (BSV); nucleos(t)ide analog; drug resistance; reverse

transcription
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Introduction

HBYV is a major cause of chronic liver diseases with estimated 1.5 million new infections each year [WHO
2019]. Liver cirrhosis and hepatocellular carcinoma (HCC) are associated with more than 800,000 annual deaths
worldwide [1].

HBYV polymerase has different functions such as pgRNA packaging, protein priming, and DNA synthesis.
HBYV replication process initiates after pgRNA encapsidation and recognition of epsilon in the 5' end of pgRNA
by Pol (polymerase or reverse transcriptase). The pgRNA is then reverse transcribed by polymerase that is also
packaged along with pgRNA inside the nucleocapsids. The HBV Pol contains a reverse transcriptase (RT)
domain in which drug-resistance-related mutations or “YMDD motif variants” emerge in some CHB patients
after prolonged Nucelos(t)ide analogs (NAs) treatment [8,9]. Inhibiting the reverse transcription process by NAs
eventually suppresses HBV replication and prevents virion generation. More specifically, NAs inhibit HBV
replication by competitively binding to the viral polymerase and terminating DNA chains. NAs obstruct 3'
hydroxyl groups of deoxyribonucleic acid during the elongation of HBV DNA, leading to the failure in synthesis
of the nascent DNA molecule [2-7]. Various structures of NAs have been designed which specifically target
certain viral polymerases. They compete with dATP, dTTP, dCTP, and dGTP substrates required for DNA or
RNA synthesis, thereby inhibiting the replication of several other viruses such as HSV and HIV.

NAs and interferon (IFN)-o treatment are currently used to treat CHB patients. NAs including lamivudine

(LAM), telbivudine (LdT), adefovir (ADV), tenofovir (TDF or TAF), and entecavir (ETV) [7,10,11]. Besifovir
dipivoxil maleate (BSV) which is in the form of an acyclic nucleotide phosphonate similar to adefovir and
tenofovir, has a broad spectrum of antiviral activity. The active form of BSV, guanosine monophosphate,
undergoes phosphorylation in the hepatocytes where it competes with dGTP in binding to RT, terminates the
DNA chain and thereby inhibits HBV replication.
The decision to initiate treatment for HBV patients is primarily based upon the presence or absence of cirrhosis,
the ALT level as well as the HBV DNA level. For those who require treatment, tenofovir disoproxil fumarate
(TDF), tenofovir alafenamide fumarate (TAF) or ETV are acceptable options in patients with treatment-naive
CHB [7,10-12].

Since May 2017, BSV was approved as a new NA drug in South Korea to treat naive CHB patients. [13-16].
BSV demonstrated the same antiviral property as ETV (phase II clinical trial) or TDF (phase III clinical trial)
with fewer side effects such as renal dysfunction or osteoporosis [14,17,18]. Considering these promising results,
BSV is also recommended by clinical practice guidelines of Korean Association for the Study of the Liver [12].

Since BSV is a relatively new anti-HBV agent with shorter clinical usage, no BSV-resistant data have been
released so far [18]. Due to the both viral persistence and heterogeneity of the HBV genome, the emergence of
drug-resistant mutants is inevitable. Recently, we found a BSV-resistant CHB patient after 64-weeks of BSV
administration. Therefore, the purpose of this study was to identify the BSV-resistant HBV in a CHB patient

and characterize the responsible mutations conferring resistance to BSV.
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Results

Mutation profile of HBV RT domain isolated from a patient treated with BSV

Clinical course of the subject CHB patient (female, 55-year-old) indicating incomplete virological response
during BSV administration from December 2018 to March 2020 is profiled in Figure 1a. The patient was treated
with ETV for 3 years between April 2010 and May 2013. Afterwards, the patient stopped antiviral treatment
voluntarily, and was lost to follow-up after October 2013.

In December 2018, the patient began to receive BSV as the second line of anti-HBV therapy. The blood work

results are listed in Table 1 and Figure 1a. Abdominal ultrasonography showed early liver cirrhosis (Figure 1b),

and the result of transient elastography (Fibroscan®) was 12.0 kPa. Based on current guideline, the patient

started BSV monotherapy (150mg/day) from December 2018. After 17 months, viral breakthrough developed
and HBV DNA reached to 12,166 IU/ml with ALT level at 63 IU/L. HBV blood sampling was done at indicated
time point for in vitro mutation analysis (Figure 1a). In May 2020, the BSV was switched to TAF, and HBV
DNA was isolated from patient serum to identify the mutations in the RT domain of HBV polymerase which
may confer resistance to BSV. From the total 16 obtained clones, 5 clones (Clone 1-1, 1-14, 1-19, 1-21, and 1-
22) showed the same mutation profile, indicating that this clone is major in patient’s serum (Table 2). When
compared to the WT, Clone 1-1 harbored 10 mutations IRHEKMVLIM: rtV23I (1), rtH55R (R), rtY124H (H),
rtD134E (E), rtN139K (K), rtL180M (M), rtM204V (V), rtQ267L (L), rtL2691 (I) and rtL336M (M)). Clone 1-
3 and 1-4 also exhibited similar mutation profile. Therefore, 43.8 % (7/16 clones) of obtained clones commonly
harbored IRHEKMVLIM mutations.

Based on these results, we hypothesized that the IRHEKMVLIM mutations are probably associated with BSV

resistance.

Table 1. Virological, serological, and biochemical characteristics of the study subject

Variables Values Standard levels
HBeAg Positive -
HBeAg antibody Negative -
HBV DNA (1U/mL) 6,954,754.3 -
bilirubin (mg/dL) 0.81 0.2~1.2
AST (IU/L) 66 5~40
ALT (IU/L) 101 0~40
Prothrombin time (sec) 11.6 9.5~13.5
Wh';iog'/i‘g cell 5.46 4~10
Serum albumin (mg/dL) 45 3.3~5.2
Hemoglobin (g/dL) 13.6 12~16

Platelet (10%/uL) 157 150~450
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Table 2. HBV RT mutations isolated from the BSV-treated patient

Amino acid position

HBYV clone
Wildtype |8 2 # /@2 = S '8 & & & 38 5 § I §/8 8 & 8 5 3 %8
(GQ872210)
T T H S R N Y D N L V M V N G V Q L K € S A K L
1-1,14,19,2122 I R H E K M A% L I M
1-2,16 A I H I L A T
1-15,24 G D H L I Q
1-23,30
13 I S R H E K M A% I M
1-4 I R H E K M V L L I M
1-17 P
1-25 S
1-31 G D H L I R R Q

Columns with gray background highlight representative besifovir-resistant mutation (IRHEKMVLIM)

Patient-derived HBV RT mutant harboring IRHEKMVLIM is resistant to BFV treatment

BSV is an orally available drug which is hydrolyzed by esterase in the liver and intestine where the acetyl
group is separated and converted into besifovir (BFV, active metabolite, LB80317). It is further phosphorylated
in liver cells, and competes with dGTP in binding to the HBV RT. Due to lack of converting enzymes in vitro,
BFV was used to perform the drug susceptibility assays.

To investigate which mutations are involved in BFV resistance, we constructed HBV 1.2mer replicons where
the RT domain of WT was changed to that of patient-derived HBV Pol mutants. We selected Clone 1-1 and
Clone 1-2 as the first and second most frequently identified clones respectively, for further experiments. Clone
1-2 harbored 7 mutations (AIHILAT: rtT38A (A), rtV1911 (I), rtN226H (H), rtV266I (1), rtQ267L (L), rtS317A
(A) and rtA329T (T)) (Figure 2a).

To evaluate the in vitro BFV susceptibility of RT mutants obtained from the subject, we transfected each
patient-derived clone into the Huh7 cells. The levels of HBV DNA and antigens (HBeAg, HBsAg) were
analyzed by Southern blot and ELISA, respectively (Figure 2b). Clone 1-1 showed strong resistance to BFV
treatment, while WT was susceptible to dose-dependent treatment of BFV. Although the replication capacity of
Clone 1-2 was lower than other clones, it showed similar BFV susceptibility as WT. Since NAs only inhibit
reverse-transcription of pgRNA, the HBV antigen levels was not affected following BFV administration.
Moreover, the constant HBeAg and HBsAg levels in each sample indicated the reliable transfection efficiency
among all experimental sets. As shown in Table 3, the HBsAg level of Clone 1-2 was not detected due to the
overlapping mutations which introduced two stop codons in the corresponding surface antigen gene.

As the replicative capacity of Clone 1-2 was too low for quantitative analysis by Southern blot, ICso values

were further determined through quantitative real-time PCR, which is a more sensitive method for analyzing
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HBYV DNA levels. ICs values for WT, Clone 1-1, and Clone 1-2 were 4.67 + 0.84,>50, and 3.83 £ 0.6 uM,

respectively (Figure 2c). The fold difference between ICso values of WT and Clone 1-1 was over 10.7-fold.
These results demonstrated that Clone 1-1 was the dominant HBV mutant in CHB patient harboring

IRHEKMVLIM mutations and was strongly resistant to BSV.

Table 3. Patient-derived common mutations in HBV RT and overlapping surface antigen

Clone Region Mutation in the Corresponding Gene
RT \% T T H L Y D N Y G L A\ M N v Q L S A L
23 38 42 55 102 124 134 139 141 165 180 191 204 226 266 267 269 317 329 336
WT
S L Q N T L T I T M A w w I 1
15 30 34 47 94 116 126 131 133 157 172 182 195 218 i
RT I R H E K M v L I M
1-1
S L A S N T M
RT A I H I L A T
1-2
S S T T D * *
* Stop

HBYV RT rtL180M and rtM204V mutations are associated with BFV resistance

To identify which mutations are responsible for BFV resistance in Clone 1-1, we constructed a series of
replication-competent HBV 1.2mer mutant clones as shown in Figure 3a. First, in order to determine the BFV
susceptibility, 10 identified mutations (IRHEKMVLIM) were divided into two parts i.e. IRHEK and MVLIM,
and were cloned into two separate HBV replicon constructs (Figure 3a). The primers used to amplify specific
RT region were listed in Table 4. Since the previous reports showed that two mutations (rtL180M or rtM204V)
are associated with resistance to NA drugs such as LMV and ETV [19-21] , the MVLIM mutant clone were
divided into four distinct clones (LIM, MV, M, and V) to further screen the mutation that is responsible for BFV
resistance.

Drug susceptibility assays demonstrated that the clone containing MVLIM mutations was considerably
resistant to BFV treatment as compared to WT, whereas LIM clone was highly susceptible to BFV. Interestingly,
a clone harboring IRHEK showed very low replication capability (Figure 3b, upper panel). Transfection yield
of HBV replicons was constant because there was no significant difference in the secreted HBeAg and HBsAg
levels in each well (Figure 3b, bottom panel).

Clones harboring MV or M mutation exhibited resistance to BFV treatment (Figure 3¢). MV clone was more
resistant to BFV compared to the M clone, while its replication capability was lower than that of M clone. The
replication of V clone was barely detected by Southern blot due to its low replication capability. When the

rtM204V mutation was accompanied by rtL.180M, the replicative capacity was increased, demonstrating the

do0i:10.20944/preprints202112.0122.v1
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complementary function of rtL180M mutation. This phenomenon is consistent with previous report,
demonstrating that the rtL180M mutation in HBV polymerase is commonly accompanied by rtM204V or
rtM2041 mutations [19,22,23]. The relative replication levels of each clone were determined by quantitative real-
time PCR (Figure 3d) and calculated ICsy values were summarized in Table 5. ICso values for WT, M, V and
MV were 4.13 + 0.52, 23.87 £ 4.07, >50, and >50 uM, respectively. Relative to the ICso value of WT, the fold
differences in ICso of M, V and MV clones were 5.8-fold, >12.1-fold, and >12.1-fold, respectively.

Taken together, these observations indicated that rtL180M and/or rtM204V substitution contributed to
development of BFV resistance. The replication-defective 1tM204V mutation was compensated by rtL.180M

mutation.

Table 4. The list of primer sequences used in this study

Clone Fragment Primer Sequence (5'-3")
Forward CTC CCT TAT CGT CAATCT TCT CGA GAC TGG GGA CCC TG
Fragment 1 Reverse AAC AAG AGG GAA ACATAG AGT TTC CTT GAG CAG GAC TCG
IRHEK Forward CTCTATGTTTCCCTCTTGTTG CTG TAC AAA ACC TTC GGA
Fragment 2 Reverse TGG CAG CAC AGC CTA GCA GCC ATG GGA AGG AGG TGT ATTTCC G
Fragment 1 Forward GAG TGG GCC TCA GTC CGT TTC TCA TGG CTC AGT TTACTA
MVLIM Reverse TGG CAG CAC AGC CTA GCA GCC ATG GGA AGG AGG TGT ATT TCC G
Fragment 2 Forward CTC CCT TAT CGT CAATCT TCT CGA GAC TGG GGA CCC TG
Reverse AAA CGG ACT GAG GCC CAC TCC CAT AGG AAT CTT GCG AAA G
Forward GAT ATG TAATTG GAA GTT GGG GTA CTT TAC CAC AGG AAC A
Fragment 1 Reverse TGG CAG CAC AGC CTA GCA GCC ATG GGA AGG AGG TGT ATTTCC G
LIM Fragment 2 Forward CTC CCT TAT CGT CAATCT TCT CGA GAC TGG GGA CCC TG
Reverse CCA ACT TCC AAT TAC ATATCC CAT GAA GTT AAG GGA GTAG
Fragment 1 Forward CTC CCT TAT CGT CAATCT TCT CGA GAC TGG GGA CCC TG
M Reverse GAA CAA ATG GCA CTA GTA AAC TGA GCC ATG AGA AACGGACT
Forward GTT TACTAG TGC CATTTG TTC AGT GGT TCG CAG GGC TTT
Fragment 2 Reverse TGG CAG CAC AGC CTA GCA GCC ATG GGA AGG AGG TGT ATTTCC G
Fragment 1 Forward CTC CCT TAT CGT CAATCT TCT CGA GAC TGG GGA CCC TG
Reverse ACT TGG CCC CCA ATA CCA CAT CAT CCA CAT AACTGA AAG CC
v Fragment 2 Forward TGT GGT ATT GGG GGC CAA GTC TGT ACAACATCT TGA GTC CC
Reverse TGG CAG CAC AGC CTA GCA GCC ATG GGA AGG AGG TGT ATTTCC G
HBV RT Forward AAT CTT CTC GAG GAC TGG GGA CCC TGC ACC
Reverse GAG CAG CCATGG GAA GGA GGT GTATTT CCG
Vector (HBY 1.2mer) Forward GCT GCT AGGCTGTGC TGC CAAC
Reverse GAA GAT TGA CGA TAA GGG AGA GGC AGT AG
Forward CTCGTGGTGGACTTCTCTC

RT-GPCR
Reverse CTG CAG GAT GAA GAG GAA
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Table 5. ICso values of mutant clones against BFV in Huh7 cells

Fold Resistance

Clone ICso (/WT ICs0o)
WT 4.13+0.52 1.00
1-1 > 50 > 121
122 3.83+0.6 0.92
M 23.87+4.07 5.8

The quantitative real-time PCR experiment was performed in three independent biological replicates.

Susceptibility of patient-derived and BFV-resistant clones to other antiviral agents

Our results showed that the Clones 1-1 and MV were strongly resistant to BFV whereas Clone 1-2 was
susceptible to BFV. Therefore, we tested whether these clones are susceptible to the most popular antiviral
agents today, such as ETV and TFV. Clones 1-1 and MV exhibited resistance to ETV treatment (Figure 4a). This
result is consistent to the previous reports that rtL.180M and rtM204V mutations are associated with ETV
resistance [24,25]. Clone 1-2 was susceptible to BFV as well as ETV.

However, these BF V-resistant clones were all susceptible to TFV treatment (Figure 4b). These results may
explain the significant reduction of viremia in patient after changing antiviral treatment from BSV to TAF
(Figure 1). Similarly, we tested whether the BFV-resistant clones are susceptible to a capsid assembly modulator
(NVR 3-778) [26,27]. Treatment with this non-polymerase targeting inhibitor strongly reduced the replication
of BF V-resistant clones (Figure 4c).

Collectively, these findings suggest that TFV or capsid assembly modulators may be the options for treatment

of CHB patients with BFV resistance.

Discussion

In this study, we identified a double BSV-resistant mutation in HBV isolated from one CHB patient with
clinical resistance to BSV treatment and confirmed in vitro BSV resistance. The patient had a previous exposure
to ETV but had a follow-up loss for more than 5 years, and viral breakthrough or HBV mutation were not
previously demonstrated. To the best of our knowledge, this is the first report of HBV mutants with both clinical
and in vitro resistance to BSV treatment.

The mechanism of BSV resistance in patient who was positive for rtL180M and rtM204V mutations is not
clear. BSV is a nucleotide analogue, which might be theoretically effective against LAM-resistance HBV
mutants [28], however in practice it could not inhibit the viral breakthrough. To date, there has been only one

study in which BSV has been used in LAM-resistant CHB, thus information on BSV resistance and mutant virus


https://doi.org/10.20944/preprints202112.0122.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 December 2021 d0i:10.20944/preprints202112.0122.v1

fitness is relatively scarce [29]. In 2010, BSV was prescribed to 65 patients with LAM-resistant HBV, and it was
effective at reducing viral load during 12 weeks of administration. In this study, the proportion of patients with
L180M and M204V mutant HBV was 93.4% and 65.6% respectively [29]. The first difference between the
previous report and our study is the duration of BSV treatment. In the previous study, after 12 weeks of BSV
administration, drug regime was switched to ADV for up to 24 weeks. In our subject, resistance developed after
68 weeks of BSV treatment, which is much longer than the 12 weeks. Furthermore, in the previous study only
the YMDD mutations were analyzed using the line probe assay (INNO-LiPA). This assay is relative not sensitive
compared to our cloning and sequencing analysis, and cannot discriminate whether the two rtM204V and
rtM2041 mutations are separately or simultaneously exist in the same HBV genome. Also, there is a possibility
that those patients harbor some mutations other than YMDD site. Those mutations in the non-YMDD site can
affect the BSV resistance.

The results obtained from current study, suggest that long-term use of BSV in patients with LAM-resistance
needs to be closely observed for the emerging resistant mutations.

In case of naive CHB patients who administered BSV, drug resistance has not been found yet. In a phase 3
clinical trial compared to tenofovir, 11 patients experienced viral breakthrough in TDF-BSV switch group during
the second year [18]. However, no drug resistant mutations were confirmed in these patients and HBYV DNA
went down to undetectable level at the follow-up visits in all patients.

NAs effectively inhibit HBV replication, attenuating liver damage and inflammation [6,7,30]. However, long-
term treatment is inevitable as the inhibition of HBV replication disappears following drug withdrawal. Drug
resistance and common side effects are major disadvantages of treatment with NAs in long-term. In addition,
NAs target HBV RT rather than cccDNA which is the persistent form of viral DNA in the hepatocytes, therefore
fundamental treatment is impossible. The BSV shows a strong HBV antiviral effect and is safer than TDF [13,31].
However, we found patients whom BSV intake failed to fully suppress HBV DNA level. The rtL180M and
tM204V mutations may have been occurred gradually while taking ETV as the first line anti-HBV agent. Even
in drug naive patient, the rtL.180M and rtM204V might be selected as dominant mutant after long time treatment
with BSV.

In this study HBV DNA was obtained from patient serum and sequenced after TA-cloning. Subsequently, the
characteristic mutations (Clone 1-1 and 1-2) were identified by sequencing, and Clone 1-1 was resistant to BSV
in vitro, whereas Clone 1-2 showed similar susceptibility to BFV as WT (Figure 1b). Additional experiments
were conducted to find out which amino acid mutations in Clone 1-1 confers BSV resistance. As described in
Materials and methods, six artificial replicons were generated from Clone 1-1 by infusion-cloning. After
transfection of 1-1 mutation derived-replicons into human hepatocytes, BFV resistance and HBV replication
ability were tested. As a result, artificial replicon with rtL.180M and rtM204V mutations showed BFV resistance,
proving that BFV resistance appears when rtL.180M and/or rtM204V mutations are existed. On the other hand,
rtL180M itself seems to be resistant to BFV as shown in Figure 3c, but there was stronger resistance to BFV in
MYV clone containing rtL180M and rtM204V simultaneously. Besides, as shown in Table 5, the ICso value of the
rtL180M mutant was more than 5 times than that of WT rendering partial-resistant to BFV. In addition, rtL.180M
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is a representative mutation that shows resistance to various NAs. Based on RT-qPCR data, the rtM204V mutant
ICso value for BFV was more than 50 uM, meaning that it could induces resistance to BFV per se. However,
combining PCR and Southern blot data, BFV resistance efficiently appeared only when rtL.180M and rtM204V
mutations exist together.

In in vitro experiments, rtM204V exhibited low replication capacity thus it is unlikely for rtL180M and
rtM204V mutations to become a dominant variant itself. But it may become a dominant species when combined
with rtL 180M mutation in vivo because of enhanced replication capability. In line with our data (Figure 4a), the
rtL180M and rtM204V substitutions have been reported in previous studies as ETV and LMV resistant
mutations [20,23].

Due to the fact that the NAs, must be administered for a long time and have a high probability of developing
resistance mutations, capsid assembly modulators (CpAMs) may be used as alternative method to overcome
these issues. CpAMs inhibit the replication of HBV by suppressing the capsid formation in the HBV life-cycle.
Among several types of CpAMs, NVR 3-778 belongs to class II CpAMs and prevents the virion production by
promoting the formation of empty capsids [26,32]. Here, we examined the efficacy of NVR 3-778 on reducing
the replication of drug resistant HBV mutants (Figure 4c) and provided evidence that capsid modulators could
be accompanied by NAs to fully suppress HBV in CHB patients.

Despite the BSV resistance issue reported here and similar studies, for the treatment of naive patients, BSV is
still an effective high-barrier antiviral agent with low toxicity [33]. In phase II clinical trials, BSV showed same
antiviral property compared with RTV over 96 weeks. In phase III clinical trial compared with TDF, BSV
demonstrated durable, potent antiviral activity up to 192 weeks [18,34]. In this phase III clinical trial, BSV
showed further improvement of bone mineral density and glomerular filtration rate, which were side effects of
TDF. Furthermore, BSV therapy was reported to improve hepatic histology and decreased intrahepatic
covalently closed circular DNA (cccDNA) in CHB patients [35]. In this study, at the time of the first BSV
administration, ETV was discontinued for more than 5 years, and resistance had not been documented before,
for this reason we selected BSV as the next antiviral regime for our subject. Of note, this patient had a history
of exposure to antiviral drugs in the past, so even if there was no pre-existing resistance, it would have been
better to choose an antiviral drug with more clinical evidence, such as TDF.

The biggest limitation of this study is that BSV resistance has been documented only in one patient. BSV has
been on the market for less than 5 years, and is currently being sold officially only in Korea, thus the clinical
experience is not yet sufficient compared to other drugs. Further in vitro and clinical experiments is required in
order to understand the actual effect of BSV in other LAM-resistant patients.

Considering the fact that the clinical guidelines for multidrug-resistant (MDR) HBV strains and use of BSV in
these patients are still limited, the value of current study is to raise awareness for physicians to suspect and
identify the occurrence of @ BSV-resistant HBV mutants in CHB patients who reveal viral breakthrough despite
good adherence to BSV-containing regimens.

In conclusion, although the use of BSV in subject with? CHB treatment was very successful for more than

60 weeks because of a high genetic barrier to resistance, we herein report that HBV isolated from a patient who


https://doi.org/10.20944/preprints202112.0122.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 December 2021 d0i:10.20944/preprints202112.0122.v1

developed phenotypic resistance during BSV therapy, showed in vitro genotypic resistance as well. Furthermore,
to develop clinical resistance to BSV, the accumulation of at least 2 mutations was required. Accordingly, our
findings suggest that caution should be exercised in using BSV as first-line therapy in patients with a history of

LAM resistance.

Materials and Methods

Patient

The serum samples of the CHB patient were received from Bucheon Soonchunhyang University Hospital.
The study protocol was confirmed by the ethical guidelines of the World Medical Association Declaration of
Helsinki and was approved by the Institutional Review Boards of Soonchunhyang University Bucheon Hospital

(IRB number: SCHBC 2021-11-007). The patient was provided with the informed consent for this study.

HBYV RT Sequence Analysis

Serum from CHB patient was collected at the indicated time to analyze HBV variants during the BSV
administration period. Viral DNA was extracted using QIAmp MinElute Virus Spin Kit (QIAGEN) according
to the manufacture’s protocols. Using viral DNA as template, PCR was performed to specifically amplify the
RT region. Primer sequences are indicated in Table 4, and conditions for amplification were as follows; 94 °C
for 5 min followed by 30 cycles of 94 °C for 30 sec, 65 °C for 30 sec, 72 °C for 1 min, and 72 °C 10 min.
Next, amplified PCR products were recovered by gel extraction, and cloned into the pGEM-T vector (pGEM-T
vector Systems, Promega, Madison, WI, USA). More than 10 clones were selected and sequenced. Mutations
in the RT sequence of the selected clones were compared to a reference HBV sequence (wild-type (WT)

genotype C, National Center for Biotechnology Information (NCBI) accession number: GQ872210).

Construction of HBV Reverse Transcriptase (RT) Mutant Replicons

The patient-derived or artificially generated HBV RT genes were amplified by PCR and cloned into HBV
1.2mer replicon by infusion-cloning. As previously described [36], HBV 1.2mer replicon were constructed using
linearized vector and insert fragments by the NEBuilder HiFi DNA assembly Cloning Kit (New England Biolabs,

Ipswich, England) according to the manufacturer’s instructions.
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Cell culture, transfection, and drug treatment

Huh7, human hepatoma cell line, was cultured in Dulbecco’s Modified Eagle’s Medium (Welgene)
supplemented with 10% fetal bovine serum (FBS, Carpricorn) and 1% penicillin/streptomycin (Gibco) at 37 °C
in a humidified 5% CO, incubator. The cells were seeded into 6 well plates and 2 pg of HBV replicons were
transfected by Lipofectamine 2000 reagent (Invitrogen, Carlsbad, CA, USA). 5 hours after transfection, the cell
media was replaced with the media containing the indicated concentrations of besifovir (BFV). Drug was daily
administrated in fresh medium. 4 days after transfection, cells and supernatant were harvested to measure the

levels of viral DNA and secreted antigens by Southern blot and ELISA, respectively.

Southern Blot analysis

As described in our previous studies [36], southern blot was performed to analyze HBV replication. After 4
days of transfection, the cells were harvested and lysed with 100 ul of HEPES lysis buffer (10 mM HEPES, 100
mM NaCl, 1 mM EDTA, 1% NP-40) on ice, and after centrifugation, the supernatant was treated with Nuclease
buffer I (0.5 M CaCl, 0.8 M MgCl., and DNase I (Roche)) to digest the transfected plasmid DNA at 37 °C for
3 hours. Then, 40 pl of 26% PEG (poly ethylene glycol 8000) was added to precipitate HBV capsids, followed
by incubation overnight at 4°C. To completely remove the remaining plasmid DNA, the PEG precipitates were
resuspended with Nuclease buffer Il (10 mM Tris-HCI, 8 mM CaClz, 6 mM MgCl., DNase I) and incubated at
37 °C for 1 hour. Then, in the presence of 0.5% Sodium dodecyl sulfate (SDS), proteinase K (Roche) was added
to break the HBV capsids and release HBV DNA. This was followed by phenol/chloroform/isoamyl alcohol
(25:24:1), PCI purification and precipitation with 100% ethanol/3 M sodium acetate. The purified total HBV
DNA was electrophoresed in 1% agarose gel (LE, analytical grade, Promega) and transferred onto the Hybond-
N+ nylon membrane. To visualize HBV DNA, the membrane was hybridized with digoxigenin-labeled HBV-
specific probe and detected by DIG Nucleic Acid Detection Kit according to the manufacturer’s protocols. The

signals were analyzed by ImageQuant 800 (Amersham)

Enzyme-linked immunosorbent assay (ELISA)

Before harvesting the cells, culture supernatants were diluted to 20-fold for HBeAg and 80-fold and HBsAg,
respectively. The levels of secreted HBeAg and HBsAg were analyzed using ELISA kit (Wantai, Beijing)
according to the manufacturer’s instructions. The optical density (OD) values were measured at 450 nm

wavelength with a spectrophotometer (SpectraMax Plus 384).
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Quantitative Real-time PCR (RT-qPCR)

Quantitative real-time PCR was used to quantify the relative amount of intracellular HBV DNA. 5 ul of DNA
prepared from southern blot was diluted 10-fold and 2 pl was used for PCR. The PCR mixture contained total
of 15 pl including SYBR green master mix (Applied Biosystem) 7.5 pl, and 0.4 pM of each primer.
Amplification conditions are as follows: 95 °C for 10 min, followed by 40 cycles of 95 °C for 15 s, and 60 °C
for 1 min in QuantStudio 3 Real-Time PCR System (Applied Biosystem). Relative replication levels were
calculated by the comparative 22T method [31,36,37].

Statistical Analysis

At least 3 independent experiments were performed for each data analysis. Data are exhibited with mean+ SD.
Statistical analysis were performed by the Student’s t-test using GraphPad Prism v5: *p<0.05; ** p<0.01;
**%p<0.001.
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Figure legends

Figure 1. Clinical course and liver ultrasonography of the CHB patient with incomplete virological

response during BSV treatment.

(a) Clinical course during treatment of BSV. The patient first was treated with BSV in December 2018. In May
2020, drug regimen was changed from BSV to TAF. Serum samples were analyzed for HBV-DNA and ALT
measurement. The time points of serum sampling are indicated by arrows. ETV, entecavir; BSV, besifovir
dipivoxil maleate; TAF, tenofovir alafenamide fumarate. (b) The abdominal ultrasound showed evidence of

early liver cirrhosis.
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Figure 2. BFV susceptibility of the HBV RT mutants isolated from the CHB patient.

(a) The amino acid sequences of HBV RT domains isolated from the CHB patient were analyzed by cloning and
sequencing. (b) The HBV 1.2mers cloned using the patient-derived RT domain were transfected into the Huh7
cells. HBV DNA and antigen levels were measured by Southern blot and ELISA, respectively. ICso values were
determined by Southern blot using HBV-specific digoxigenin (DIG) labeled probe in a Quantimager. ** p <
0.01; *** p <0.001. (c) ICso values were determined by quantitative real-time PCR. Data were obtained from

at least 3 independent experiments (mean + SD). RT, reverse transcriptase; WT, wild type; BFV, besifovir.
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Figure 3. Identification of BFV-resistant mutation in patient-derived HBV mutant.

(a) The sequences of patient-derived and artificial replicons constructed in this study are compared with that of
WT. (b, ¢) The constructed HBV 1.2mer replicons were transfected into Huh7 cells, and BFV was treated every
day in a dose-dependent manner as indicated. At 5 h post-transfection, BFV was treated for 3 days. The level of
HBYV DNA and secreted antigen were determined Southern blot and ELISA, respectively. ELISA was performed
to confirm the transfection yield. (d) ICso values were measured by quantitative real-time PCR. The level of
HBYV replication without drug treatment was set to 100 %. All data were obtained from at least 3 independent

experiments (mean + SD).
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Figure 4. Susceptibility of BFV-resistant mutants to other antiviral drugs.

(a, b) The in vitro drug susceptibility assay of patient-derived (1-1 and 1-2) and artificial MV clones was
performed after treatment with ETV or TFV. After transfection with 2 pug of the indicated HBV 1.2mer mutants
into Huh7, cells were treated with indicated antiviral agents (ETV or TFV) for 4 days. HBV replicative capacity
was analyzed using Southern blot and detected with a DIG-labeled probe. The secreted HBV antigen levels
(HBeAg, HBsAg) were analyzed by ELISA. (¢) The drug susceptibility assay of patient-derived and artificial
MYV clones was performed after treatment with capsid assembly inhibitor, NVR 3-778. After transfection with
indicated HBV 1.2mer mutants into Huh7, cells were treated with NVR 3-778 for 4 days. HBV replicative

capacity was analyzed using Southern blot.
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