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Abstract

ABSTRACT

Hepatocellular carcinoma has various etiological agents one of the main one being the
chronic persistent infection of Hepatitis B virus. Various studies have speculated the
oncogenic potential of its HBx gene and hence its role in development of HCC. The HBx
induced carcinogenesis is a result of modulation of various signaling pathways and
factors. It has been frequently reported that point mutations and truncations in HBx gene
are significantly associated with its oncogenic role and transactivation function and these
mutations accumulate in the HBV genome during its natural history of infection. These
can be preferentially detected to determine the advancement of disease. This study was
designed to investigate the variants of HBx gene amplified through PCR from HBV DNA
isolated from 50 patients infected with HBV. The purified products were sequenced and
aligned with consensus X sequence to determine the prevalent mutations at nucleotide
and protein level. The results indicated higher frequency of mutations at the 3* and 5’
ends of the gene whereas the internal regions were found to be relatively conserved.
Among other important changes, the most frequently occurring mutations included
substitutions at 76T—C/A, 97T—C, 303A—T, 400C—T/G, 136C—T and 70G—A/T
which resulted in frameshift mutation in X protein, hence disrupting the dimerization
domain of protein. Insertions 68 69insAA and 101 102insA were found to cause a
frameshift in the respective X protein, hence likely to disrupt its 14-3-3 binding motif.
Another deletion 415 416delCA, observed in 4 sequences, caused a frameshift mutation

thereby affecting the p53 binding domain of X protein.

Xiv



Chapter 1 Introduction

INTRODUCTION

Hepatocellular carcinoma (HCC) is among the primary causes of cancer-linked
deaths and accounts for 70-85% of total liver cancer around the world (Yi-Fang et al.,
2011), hence classifying as a major public health concern. The estimated number is as
high as 600,000 deaths per year globally (Tetsuhiro et al., 2015). With respect to gender,
liver cancer is accounted for the fifth most frequently diagnosed cancer in men whereas
the sixth leading cause of cancer-related death in women worldwide (Yi-Fang et al.,
2001; Wang et al., 2013). Maximum incidences of liver cancer are reported in East and
South-East Asia and in Central and Western Africa and >80% of the cases occur in

developing countries (Yi-Fang et al., 2011).

The carcinogenesis in HCC is a multi-factorial and multi-step process. Various
etiological factors contribute towards the development of HCC including Hepatitis B
virus (HBV), hepatitis C virus (HCV), alcohol consumption, non-alcoholic fatty liver
disease (Tetsuhiro et al., 2015), ingestion of Aflatoxin B1 and other factors related with
chronic inflammatory and hepatic degenerative changes (Hsu et al., 1993). There exist 6
types of hepatitis viruses that lead to liver inflammation: A, B, C, D, E and G among
which type A, B and C are the most common. Chronic infection by HBV is the major

contributor to majority of HCC cases i.e. >75% (Yi-Fang et al., 2011).

Hepatitis B Virus is responsible for 60% of total liver cancer prevailing in
developing countries while 23% of it prevailing in developed countries, as opposed to
HCV infection which causes 33% and 20% of the total liver cancer in developing and
developed countries, respectively (Yi-Fang et al., 2011). The geographical distribution of
viral cases of Hepatitis (by virus type) occurring in Pakistan is depicted in Figure 1.1.
Moreover, HBV infection has been reported to cause about one-third of total liver
cirrhosis and greater than three-fourth of total HCC cases around the globe (Yi-Fang et
al., 2011). It is transmitted through blood and infected body fluid but the precise

mechanisms that cause the malignant cellular transformation are still undefined.
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Figure 1.1: Geographical distribution of reported viral hepatitis cases (by virus type) in
Pakistan (in major cities) during June 2010-March 2011 (Morbidity and mortality
Weekly Report, 2011)

HBYV belongs to a group of enveloped hepatotropic viruses that comprise of a
circular, partially double stranded DNA genome with a size of 3200 base pairs (3.2 Kb).
The replication cycle of HBV genome involves the conversion of DNA into RNA
pregenome and then reverse- transcription of this pregenome (Renner M., 1995). HBV
has been classified as a key risk factor leading to one of the most malignant tumors

globally i.e. HCC (El-Serag, 2004). It translates four proteins out of which X-gene
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product (HBx) has been extensively linked with HCC for its oncogenic potential (Koike,
1995). HBx is widely reported to play a role in the malignant transformation of liver cells
having chronic HBV infection, which can be attributed to the prevalence of HBx coding
sequences in more than 2/3™ of the HBV DNA cloned from genomically integrated
sequences of liver carcinoma cells (Renner et al., 1995). Most of the time the X

sequences are found to be truncated at the 3 end.

Various researches have implicated the contribution of HBx in the infliction of
HCC, however, not much is known about the underlying mechanism. HBx gene encodes
a transactivating factor/ a multi-functional trans-activator protein with a size of 16.5 kDa
and 154 amino acids. It stimulates transcription of various viral as well as cellular genes
and tends to perturb the cell proliferation and cell apoptotic pathways. X gene sequences
that encode functional HBx are frequently found to be accumulated in serum of
chronically infected HBV patients or integrated into the genome of liver carcinoma cells

(Renner et al., 1995).

It also plays a role in transcription of HBV genome as well as transactivation of a
broad spectrum of cellular genes via host-specific transcription factors for instance; HBx
interrupts the intra-hepatic cytokine network that ultimately cause liver inflammation
(Mi-Ock et al., 2002). It has been demonstrated that HBx accelerates the development of
HCC through multiple processes that involve apoptosis, cell growth and proliferation,
inflammation, angiogenesis, immune responses and multi-drug resistance (Liu et al.,
2010; Neuveut et al., 2010; Ng and Lee, 2011). On the whole, as indicated in Figure 1.2,
substantial amount of literature establishes the critical role of HBx in HCC development

and progress via modulation of various processes.
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Figure 1.2: Various cellular pathways HBx is known to modulate. Most of these
pathways are interconnected hence only few upstream initiating events via HBx

expression might invoke a multifaceted response in hepatocytes (Rawat et al., 2012).

The HBx induced carcinogenesis is a result of modulation of various signaling
pathways and factors, as indicated by previous studies and illustrated in Figure 1.3, such
as activation of various transcription factors e.g. NF-kB (Lucito and Schneider, 1992),
activator protein 1 (AP-1) (Kekule et al., 1993), cAMP-responsive element binding
protein/ activating transcription factor 2 (CREB/ATF-2) (Maguire et al., 1991),
cooperating with cellular oncogenes like Ras and Src (Doria, 1995), regulation of cell
apoptosis and cell cycle by interacting with caspases, CDK, CK1 and surviving (Benn
and Schneider, 1995; Gottlob et al., 1998) and activation of cell signaling pathways such
as the Wnt (Ding et al., 2005), Ras’/MAPK (Benn and Schneider, 1994) and PI3K-
Akt/PKB pathway (Lee et al., 2001). Recent molecular researches have indicated the
occurrence of HBx-induced mutations in proto-oncogenes and tumor suppressor genes

such as p53 (Hsu et al., 1993).
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Figure 1.3: Major pathways responsible for the development of hepatocellular carcinoma

(Tetsuhiro, 2015)

Early diagnosis of HCC is a rare possibility as patients mostly present late and by
that time serious liver cirrhosis has occurred. Only 30% of freshly diagnosed liver cancer
cases are detected in earlier stages when it is possible to remove the tumor surgically or
go for a liver transplant, with a 5-year survival rate ranging from 50 to 70% (Wang et al.,
2013). Even in such cases, 60 to 100% of the patients suffer from HCC recurrence and
consequently limiting their long-term survival (Deng-Fu et al., 2007). Unfortunately, the
reported mortality to incidence ratio is close to 1 (Yi-Fang et al., 2011; Deng-Fu et al.,
2007). This figure necessitates the critical identification of some risk factors or
prognostic/ diagnostic markers that can be applied clinically in order to predict the

advancement of disease in HBV-infected individuals.

Moreover, elucidating the viral characteristics of HBV such as the role of its
oncogene HBx in occurrence, recurrence and metastasis of HCC is invaluable to tailor
appropriate treatment regimens or novel and guided anti-viral therapies (Tetsuhiro et al.,
2015). It is reported to acquire various truncations, deletions and point mutations during
the course of HBV infection which are likely to be directly associated with

tumorogenesis.
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Determination of the potential involvement of HBx in the onset of HCC is
possible by defining its transactivating domains and identifying its various gene-mutants
along with their correlation to its functional properties. Hence, this study aims at
analyzing 13 variants of the gene amplified from the HBV genome isolated from HBV
infected patients at different stages of chronic infection. To better comprehend the
pleiotropic role of HBX, it is essential to determine the various mutations and truncations
that prevail in HBx gene and their implications on the various activities that this gene

assumes in the host’s body.

Moreover, it would be interesting to determine if these mutations possess any
diagnostic or clinical value or could potentially serve as significant molecular biomarkers
for monitoring the clinical outcomes of patients having chronic HBV infection.
Furthermore, if significant mutations are determined, they can be applied for active
surveillance of HBV infected subjects to track the probability of developing cancer. The
current study is streamlined to cater the very aspect of HBx point mutations which render

it using alternative pathways in host’s body, to execute its transactivation function.
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LITERATURE REVIEW

2.1 HBV as Etiological Agent for Hepatocellular Carcinoma

Hepatocellular carcinoma is a major global health issue and ranks fifth in terms of
its incidence among all types of tumors. Moreover, liver cancer is the third leading cause
of cancer-mediated deaths per year and is associated with the highest fatality ratio per
annum for any tumor. On a global scale, an estimated two billion people are infected with
HBYV whereas about 350 million are inflicted with chronic infection. Approximately 25%
of these chronically infected people tend to develop the hepatocellular carcinoma (WHO,
2008). Various etiological factors are responsible for causing HCC; however, chronic
hepatitis B virus infection is the most predominant cause worldwide, accounting for 55%
of all global HCC cases (Kew, 2010). The following figure 2.1 illustrates the prevalence

of HBV infection globally with reference to the level of chronicity.

I‘r
Chronic Hepatitis B Prevalence '
I High (= 8% of population)
[ ] Intermediate (2%-7% of population)
- Low (< 2% of population) Source: (DC

Figure 2.1: World Map showing patterns of chronic HBV infection with countries having
highest to intermediate to lowest proportion of population infected (Retrieved from:

http://hepbunited.org/hep-b-facts )
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Patients suffering from HBV-induced HCC are, in majority of the cases, found to
have HBV DNA integrated into the chromosomes of their hepatocytes, the factor which
is supposed to play the major role in viral pathogenesis which is a multifactorial process
on the whole (Murakami, 2001). Despite having evidence of strong correlation between
chronic HBV infection and HCC progression, the exact events are not fully defined. It is
suggested that the development of HCC involves the modulation of cell signal
transduction pathways by HBV-produced proteins, especially the X protein. One of the
most common causes of liver injury include the destruction of HBV-infected liver cells
via immune system of the host that further induces repeated cycles of liver regeneration

(Gearhart and Bouchard, 2010).
2.2 Characteristics of HBV and its genome

Hepatitis B virus is the prototype member of the Hepadnaviridae, a family
composed of hepatotropic viruses, and hence it mainly targets the liver and can result in
acute or chronic infection (Seeger et al., 2007). Viruses of similar type are also found in
various species of animals e.g. woodchuks, ground squirrels and ducks which all
represent the same family (Kumar et al., 1996). Viruses of this nature tend to translate
proteins that modify normal cellular activities so as to create a facilitative environment
for self-replication. This modulation of cellular signaling pathways can lead to cellular

transformation and carcinogenesis (Gearhart and Bouchard, 2010).

Hepatitis B virion is made up of a nucleocapsid surrounded by envelope proteins.
Inside the nucleocapsid lie the partially double stranded, circular DNA and a DNA
polymerase enzyme (Seegar and Zoulim, 2007). The DNA is composed of four
overlapping open reading frames (ORFs) that translate four proteins: viral envelope (S),
capsid (C), reverse transcriptase (P) and X, out of which the X-gene product (HBx),
expressed from the smallest ORF, has been attributed with oncogenic capacity (Wang et
al., 2012) and is the major contributor in viral pathogenesis. Moreover, during the entire
viral life cycle of HBV shown in Figure 2.2, HBV DNA can assume multiple replicative
intermediates such as circulation in patient’s blood as virion DNA, cytoplasmic core

DNA form and presence in hepatocytes as episomal cccDNA, relaxed circular DNA,
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linear DNA or deproteinized dsDNA or integrated lincar DNA (Jain et al., 2015). The
genome of HBV with its various components is shown in Figure 2.3
Hepatocyte
Virion
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Figure 2.2: Sequence of events taking place in HBV life cycle: Entry in liver cells—
Localization of HBV DNA into nucleus— replication— assembling— excretion of
mature virions into extracellular space. The molecular targets of antiviral therapy are also
indicated. (Abbreviations: cccDNA, covalently closed circular double-stranded DNA;
HAP, heteroaryldihydropyrimidines; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B
surface antigen; pgRNA, pre-genomic RNA; siRNA, short interfering RNA)
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Reference:
AB014381

Figure 2.3: HBV genome and location of its four ORFs: (1) Polymerase: 2307..1623 (2).
PreS1/S2/S: 2848..3215, 1..835 (3) preS2/S: 3205..3215,1..835 (4) S: 155..835 (5)
preC/C: 1814..2452 (6) C: 1901..2452 (Retreived from: http://lifecenter.sgst.cn/biohbv)

There exist almost 10 genotypes of HBV which are responsible for the
complexities that arise at the time of diagnosis owing to either different genotypes
coinfecting at the same time or recombination events among different genotypes. HBV
exhibits a high mutation rate because the reverse transcriptase it uses for viral DNA
replication is prone to high error rate which consequently leads to distribution of

quasispecies in the infected person (Jain et al., 2015).

10
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2.3 Properties of HBx gene/protein

HBx is the smallest gene of the four partially overlapping ORFs of HBV’s
genome, based on 465 nucleotides that encode a 16.5 kDa protein, composed of 154
amino acids and is said to be an oncogenic protein causing hepatocarcinogenesis upon
chronic HBV infection. It is a transactivator molecule with multifunctional activities (Lee
etal., 2002; Kew, 2011; Wang et al., 2013). It is implicated as ‘pleitropic’ because it can
cause the stimulation of cis-elements, not only limited to HBV genome but also a large
range of other viral promoters that include SV40 early, HSV-tk, LTRs of HIV type 1,
HIV type 2, HTLV type 1, Mouse Mammary Tumor Virus and Respiratory Synctial
Virus (Kumar et al., 1996).

The name “X” was designated to this protein because its amino acid sequence
exhibited no homology to any known protein at all. It is a highly conserved protein
among various HBV subtypes (Feitelson and Lee, 2007). HBx influences pivotal
processes like gene transcription, interacellular signaling pathways, cell cycle/
proliferation and cell apoptotic pathways (Qin et al., 2000; Lian et al., 2001; Qin and
Tang, 2002). It mediates complex activities like transcription of the HBV genome and
once inside the host, it performs functions such as protein to protein interactions,
regulating the phosphorylation, stabilization of mRNA and shuttling of nucleo-
cytoplasmic translocation (Diao et al., 2001). The locus of HBx gene in the HBV genome
is 1376..1840 as depicted in the Figure 2.4.

Sequence:  NC 003772 (1376..1840)

NC 003977.2
[1p (318 p

11
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Figure 2.4: Genomic regions, Transcripts and Proteins in the HBV genome (Retrieved
from: https://www.ncbi.nlm.nih.gov/gene/944566). The gene of interest ‘HBx’ resides at
the locus from position 1376 to 1840 (465bp)

The role of HBx is indispensable in HBV infection as it promotes viral replication
by various mechanisms including: inhibition of anti-HBV proteasomes (Zhang et al.,
2004), enhancing transcription of virus-encoded RNAs (Gong et al., 2013), escalating
autophagy pathways (Sir et al., 2010) and triggering Ca™* dependent pathways (Bouchard
et al., 2001). It acts as a promiscuous transactivator of viral and cellular promoters and
enhancers (Feitelson and Lee, 2007). Owing to multi-factorial actions of HBx during the
development of HCC in humans, it has emerged as a potential therapeutic target (Zhu et

al., 2015).

The frequency of integration of X gene from the HBV DNA in the hepatocyte
chromosome is reported to be the highest in case of HCC and HBxAg is said to always
express in the integrated fragment even if no other viral proteins are present in the tumor
cells (Wang et al., 2013) as it has been indicated by some studies that PCR detection has
shown some HCC patients to be positive with HBx that are otherwise negative for
HBsAg and HbeAg . Once present inside, HBx protein affects the expression of almost

39 genes (involved in regulation of cell cycle/ cell death and cell adhesion), as revealed
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by recent cDNA microarray studies of HBx expression in HepG2 cell lines (Han et al.,
2000). As represented by Figure 2.4, it is involved in enhancing or alleviating the
expression of various genes. Intracellular localization analysis has also depicted that HBx
is predominantly found in cytoplasm of tumor cells where it triggers the process of liver
cancer (Wang et al., 2013). During the integration process, viral sequences are prone to
rearrangements and losses, however, HBx is invariably always the part of integrated
section in HCC patients and it tends to encode functionally active and viable protein even

if it is truncated in the process (Kew, 2011).

HBx viral protein activates
several genes and pathways
in host genome that causes
HCC 1 BH3 interaction

l Phosphatase and

Figure 2.5: Pathways and genes upregulated and downregulated by HBx protein during
HBYV infection (Ayub et al., 2013)

Several experiments conducted on transgenic mice carrying the HBx gene
indicate the development of liver cancer or present accelerated neoplasmic characteristics
(Kim et al., 1991). One of the proposed property of HBx is that it leads to accumulation
of point mutations in the p53 gene (tumor suppressor gene) thereby rendering it inactive

against hepatocyte transformation. In addition, HBxAg is reported to exert anti-apoptotic
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effects and also accelerates the cell signaling transduction processes (Wang et al., 2013).
Hepatitis B X gene is implicated in the upregulation of expression of certain proto-
oncogenes (c-myc, c-fos/c-jun), various cellular genes (Al-antitrypsin, A-fetoprotein,
metallothionein, epidermal growth factor receptor, RNA polymerase II and III) and
several other immune-system related genes (MHC complex I, MHC complex II, 3 INF
and IL-8).

Since HBx reportedly doesn’t bind to the DNA, it can be presumed that it
mediates the transactivation through protein-protein interactions. No consensus is found
among the regulatory regions of the HBx-responsive genes; however, most of them
interact with cis-elements for some common trans-factors such as AP-1/2 or NFKB.
Interestingly, HBx is capable of mimicking ATPase and protein kinase activities, thereby

modulating cellular signal transduction pathways (Kumar et al., 1996).
2.4 Oncogenic potential of HBx and its mechanism of action

Despite multiple studies, the question of HBV’s direct involvement in the
multistep process of hepatocarcinogenesis still needs to be adequately answered. Majority
of the investigations have found clonally integrated HBV-sequences in liver tissue, which
in most cases, comprises of X-ORF which is maintained and expressed, thereby
imparting the cells with a selective growth advantage (Sirma et al., 1999). Thus, of the
proteins translated by HBV, HBx is speculated to play a critical part in the development
and progression of HCC. Various researches tend to have established the oncogenic
potential of HBx through putative mechanisms that contribute to HCC, however, the
exact mechanism is still not established and there exists dearth of information regarding
the precise relationship of HBx with cellular pathways/components that eventually lead
to liver cancer. The mapping of X protein (Figure 2.6) indicates its various domains

essential for its pleiotropic functions.
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Figure 2.6: Illustration of various domains of HBx protein based on 154 amino acids.
Amino acids 1 to 50 constitute the regulatory domain while from 50 to 154 constitute the
trans-activation domain responsible for cellular transformation. Mutations affecting this
region are note-worthy as they can have implication on the process of carcinogenesis.
(Murakami et al., 1994; Li et al., 2009; Li et al., 2008; Diao et al., 2008; Elmore et al.,
1997, Tang et al., 2005)

Hepatitis B virus X protein has been found to interact and interfere with a plethora
of host proteins and pathways, respectively, so much so that a statement was put forward

by Murakami (2001):

“If there is a protein that is not among the list of HBx interactors, then this

protein has probably not yet been tested.”

Following is the review of different studies that have investigated various
mechanisms through which HBx transforms normal cells and contributes to oncogenesis.
These may include stimulation of a number of transcription factors e.g. nuclear factor- kB
(NF-xB) (Lucito and Schneider, 1992), activation of the activator protein 1 (AP-1)
(Kekule et al., 1993), enhancement of cAMP-responsive element binding protein or
activating transcription factor 2 (CREB/ATF-2) (Maguire et al., 1991) and so on.
Moreover, HBx has been reported to interact with cellular oncogenes like Ras and Src

(Doria et al., 1995; Klein and Schneider, 1997) and regulate cell apoptosis and cell cycle
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by affecting the caspases, CDK and CK1 (Gottlob et al., 1998; Benn and Schneider,
1995). HBx also stimulates various cell signaling pathways and is reported to perturb
Wnt pathway (Dind et al., 2005), the Mitogen-activated protein kinase (MAPK) pathway
(Benn and Schneider, 1995), Janus family tyrosine kinase (JAK) signal transducers and

PI3K-Akt or PKB pathway (Lee et al., 2001), as indicated in Figure 2.7.
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ras| HBx protein et
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Figure 2.7: Large array of HBx functions that constitute its pleiotropic activities,
eventually leading to cellular transformation via trigger of virus replication, modulation
of cell cycle, stimulation of signaling pathways, perturbing of apoptosis and interference
with DNA repair, while all HBx-interactions taking place in both cytoplasm and nucleus

(Benhenda et al., 2009).
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It has been proposed that HBx tends to perturb the Notch signaling pathway as it
upregulates the transcriptional expressions of Notch-1, Jagged-1 and Hes-1 proteins by
binding to the intracellular domain of Notch-1, hence enhancing the malignancy. Wang et
al. (2012) investigated the similar relationship by transfecting HepG2 cells with HBx
gene which led to increased biological activities in transfected HepG2 cells as compared
to the normal ones. Blocking of Notch signaling pathway led to semi-reversal of some of
the HBx-induced abnormalities and attenuated the growth of HBx/HepG2 cells by
shortening S phase and inducing their apoptosis. Since Notch signaling pathway is said to
be crucial for the modulation of organ development, cell proliferation and differentiation
and apoptosis (Artavanis-Tsakonas et al., 1999), hence its disturbance by HBx can lead to

liver tumorogenesis.

One of the main processes through which the HBx protein induces HCC is
inhibition of apoptosis of tumor cells. Disregulation of apoptotic pathways can be
through different mechanisms, for instance, Wang et al. (2013) demonstrated the effect of
HBx on death receptor ‘Fas’ and its ligand ‘FasL’ which crosslink to form the ‘death
inducing signaling complex’ (DISC) and cause the apoptotic death of the substrate by
release of caspases. They explored the immunohistochemical expression of HBxAg, Fas
and FasL in HCC tissues collected from 50 patients as well as the their serum levels using
ELISA and concluded that sFas and sFasL both were found in significantly higher levels
in HCC and cirrhosis patients as compared to controls (p<0.01) but HCC cells tend to

become resistant to Fas mediated apoptosis.

Another speculated mechanism through which HBx leads to HCC is via the
transcriptional induction of intrahepatic pro-inflammatory cytokine network that lead to
acute and chronic liver inflammation and hence injury. These cytokines are also reported
to play the role of potential biomarkers for the detection and diagnosis of hepatocellular
carcinoma. According to one study, Northern and Western blotting analysis were carried
out to check IL-18 expression in HBV integrated liver cancer cell lines and flow
cytometry analysis was carried to check expression of FasL and it was suggested that

HBx enhances the expression of IL-18 in liver cells which in turn upregulates the
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expression of FasL that may be associated with hepatic injury during HBV infection (Lee

etal., 2002).

Substantial volume of data has recently supported the role of HBx in induction of
pro-inflammatory cytokines. The hepatocytes of patients chronically infected with HBV
as well as hepatoma cell lines transfected with either HBV genome or HBx expression
cassette, are both reported to produce the tumor necrosis factor-a (TNFa) (Gonzalez-
Amaro et al., 1994). Similarly, in vitro experiments have depicted the transcriptional
activation of IL-6 as well as IL-8 (neutrophil and T-cell chemotactic cytokine) by HBx
which are also found in the serum of chronically infected HBV patients and cause liver
inflammation. Moreover, Yoo et al. (1996) suggested the role of HBx in inducing tumor
growth factor-13 (TGF-13) which triggers the production of extracellular matrix proteins

in liver cells at the cirrhotic stage.

Apart from this, researches have also elucidated the implications of HBx on
proliferative pathways in cells in case of established or immortalized cell lines,
expressing the X protein in the absence of HBV replication, however, when cultured
primary rat hepatocytes were used as the biological model to investigate HBx effect, it
was demonstrated that Hbx modulates the amounts as well as activities of cell-cycle
regulatory proteins which consequently cause the normally quiescent hepatocytes to step
into the G1 phase of cell cycle and this calcium-requiring action of HBx is in turn needed
for HBV replication. Conclusively, HBx is associated with regulation of cell proliferation
as well as cytosolic calcium signaling required to stimulate its own replication (Gearhart

and Bouchard, 2010).

Recently, a good amount of studies have evidently demonstrated the role of HBx
in epigenetic modifications i.e. altering methylation status of host DNA, as one of the
mechanisms of HBV-induced malignancy. Hepatitis B virus X gene interacts and
activates the transcriptional expression of methyl transferases which leads to
hypermethylation of specific regions of DNA or global hypomethylation, consequently
leading to silencing of tumor suppressor genes and chromosomal instability, respectively.

It has also been suggested that HBx protein enhances the expression of Telomerase
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Reverse Transcriptase (TERT) and telomerase action, thereby increasing the life span of

liver cells and accelerating the carcinogenesis (Kew et al., 2011).

HCC tissues contain predominant expression of HBx variant that has 35 amino
acids deleted at the C-terminal (HBx?35). PCR validation and genome wide scanning
tests on immortalized hepatocyte lines reveal that this mutant mainly targets the
expression of growth arrest specific 2 (GAS2), which is a tumor suppressor gene, by
binding to its promoter and attenuating it so as to promote the hepatocyte proliferation.
Zhu et al,. (2015) demonstrated that the down regulation of GAS2 in HCC samples as

compared to normal tissue, rendering the neoplastic hepatocytes with survival advantage.

It is widely known that poorly oxygenated microenvironment (hypoxia) promotes
aberrant vessel formation and proliferation and the key mechanism via which it enhances
the cancer phenotype is the stimulation of HIF-1 factor. Its expression is reported to
increase in various tumor types e.g. bladder, breast, ovarian, liver, pancreatic, prostrate
and renal tumors (Harris, 2002; Semenza, 2003). One such research looked into the
interaction between HBx and HIF-1a. Wild type HBx has already been demonstrated to
activate HIF-1a; however, impact of changes in HBx and their effect on HIF-1a were
studied. HBx mutants from HCC 101 tissues were sequenced, cloned and transfected into
HCC cell, followed by western blot and luciferase assay analysis of HIF-1a expression
and activation. The findings suggested that the dual mutations in HBx i.e. KI130M and
V1311 enhanced its activity as they enhanced the transcription of HIF-1a, indicating that
different mutations in HBx cause differential conseqences on the activity of HIF-1a. It
was also revealed that C-terminus was significant for the stability and transactivation
function of HBx since truncation or deletion in this region weakened its potential to
enhance HIF-1a (Liu et al., 2014). All these and other multiple interactions of HBx are

illustrated in Figure 2.6 below:
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Figure 2.8: A schematic diagram depicting the ‘ten-fold oncogenetic cascade’ showing

functional characterization of HBx in the development and metastasis of HCC.

2.5 Mutational Analysis of HBx Gene

It has also been reported that apart from wild type, different mutants of HBx have
been found in specimens of HCC. According to Liu et al. (2014), naturally prevalent
aberrations of HBx include point mutations (approximately 50% cases), deletions (less

than 3% cases) and distal truncations at C-terminal (more than 30% of the cases). Out of
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all variants of HBx, the truncated mutants are of special interest owing to their unique
functional features. Research has revealed that the carboxyl terminal peptide of HBx is
crucial for its transforming potential, anti-proliferative activity and transactivation effects
of HBx (Tu et al., 2001; Ma et al., 2008). Various functional domains of HBx gene and

their prevalent mutations are given in Figure 2.9.

Immune escape (B cell) Drug resistance
PreS: Deletion RT: V173L, L1801}V,
MHR: K122I, T123N, A181V/T, T184S,
G145R, efc. S2021, M2041/V,
N236T, F249A,
M2501/V, efc.

Tumorgenesis
Truncated mutant
C1653T, T1753V, elc.

Increased viral replication
Abolish or decrease HBeAg
expression “
Immune escape (T cell)

BCP: A1762T and G1764A

PreC: G1896A

Core gene: CTL epitope

Figure 2.9: Tllustration of HBV genome and predominantly occurring mutations arising
in its ORFs: the 3.2Kb ds-DNA is organized into 4 ORFs (the polymerase, the envelope,
the precore and X). The deletion mutations in the PreS gene and few point mutations in
the major hydrophilic region (MHR) of S gene can result in immune escape and occult
HBYV infection. Mutations in reverse transcriptase (RT) can result in drug resistance e.g.

AI181T/V mutations in the RT region can cause stop codon mutation. A1762T and
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G1764A mutations in the base core promoter or G1896 in PreC can accelerate viral
replication and abrogate or alleviate HBeAg expression. Few mutations in the CTL
epitope of HBV core gene can result in T cell immune escape whereas few point
mutations or truncated mutants in the HBx gene can lead to tumor formation or end-stage

liver disease (Zhang et al., 2016).

One study of such nature was conducted in China by Zhu et al. (2007) where
particular HBx gene mutations were investigated in 51 paraffin-embedded HCC tumor
tissue samples and 25 serum samples taken from HBV carrier patients in Southern China.
Gene Polymorphism analysis via PCR and sequencing depicted that 31.3% of gene
fragments taken from tissues showed a unique pattern of having a common deletion at
nucleotide 382 to 400 along with 29 point mutations. This resulted in a frame-shift in the
HBx open reading frame leading to a C-terminal truncated HBx polypeptide chain. In
four of the samples, amplification of full-length HBx gene produced a shorter fragment
which upon sequencing showed a 264 bp deletion between 1577 and 1840 nucleotides of
the HBV gene. The results implicate the high frequency of HBx mutations in HCC
samples or serum of HBV infected patients and the 382 to 400 nucleotide deletion plays a

crucial role in the carcinogenesis.

In another study conducted by Renner M. (1995), gene plasmids containing full-
length HBx sequences or HBx fragments were constructed and transfected into cells
along with a plasmid containing reporter gene. The purpose was to identify the
transactivating domain of HBx and it was demonstrated that amino acid 49 to 143 (a 95-
amino acid fragment) contains full transactivating potential. Furthermore, a narrower
fragment within this larger one i.e. 107 to 130 amino acids comprises of higher
proportion of charged amino acids and demonstrated critical role in enhancing gene
expression. Selective deletions were made in the fragments to elucidate that stable RNA
and proteins were generated if at least codon 1-82 or 70-154 remained intact, indicating it

to be the functional domain of HBx.

A similar research using insertion mutation instead of deletion was conducted.
Oligonucleotide-directed insertion of 2 codons i.e. Arg and Pro was used to construct a

panel of HBx mutants at 10 or 20 amino acid intervals along the full length of gene. They
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were transfected in the HepG2 cells to elucidate the transactivation properties of HBx and
the findings indicated the presence of two separate internal domains along the gene
length, around 68™ amino acid residue and the other between 110™ and 139™ amino acid,

that were essential for its activity (Runkel et al., 1993).

Researchers have divided the 154 amino acid sequence of HBx into 6 regions (A
to F) on the basis of sequence homology with X proteins of other mammalian
hepadnaviruses. Among these 6, the highly conserved ones are A, C and E as they
comprise of all four conserved cysteines at position C7, C61, C69 and C137. In an
investigation carried out by Kumar et al. (1996), significant HBx regions of
transactivation were identified by developing a panel of 10 deletion mutants (x5-x14) and
4 single point mutations (x1-x4) and expressions were determined by Western blotting. It
was identified that mutation in the most conserved region A as well as non-conserved
regions of B and F had no effect on transactivation. However, deletions of regions C and
D led to major loss in function (~90%). It was concluded that residues 132 to 140

(conserved 9 amino acids) appeared to be critical for transactivation.

It is reported that HBx mutations tend to prevail and accumulate after prolonged
HBYV infection and these mutations modify the domains of the protein which cause its
interactions with various other proteins and perturb alternative signaling pathways. These
point mutations generally occur near the time when HBx sequences tend to integrate in
the liver cells leading to carcinogenesis. Sirma et al. (1999), in an attempt to elucidate the
mechanism of action of HBx sequences, cloned and characterized a set of naturally
arising X-mutants derived from HCC patients and studied their impact on cell growth and
viability. It was found that X constrains cellular clonal outgrowth and stimulates
apoptosis via p53-independant pathway. The most significant finding was that the
mutations in the HBx gene arising in HCC abrogated HBx-induced growth arrest and
apoptosis. A set of mutants were engineered for the purpose of mapping the growth
suppressive effect of HBx to domains reported to have transactivation activity, however,
it was proposed that the inhibition of anti-proliferative and apoptotic activities of HBx by
naturally occurring mutations may lead to transformation of hepatocytes making them

susceptible to proliferation.
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Considering the aforementioned background, it seems plausible to amplify X-
mutant sequences, analyze their mutations and truncations via sequencing and
bioinformatic tools and investigate the relation of these mutations in HBx with various

other factors in host’s body.
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MATERIALS & METHODS

3.1 Sample collection

A total of 50 blood sera samples of HBV patients were collected: 30 from the
Diagnostic Lab of Atta-ur-Rahman School of Applied Biosciences (ASAB), NUST,
Islamabad and 20 from Shalamar Hospital, Lahore and Ittefaq Hospital, Lahore. These
patients were clinically tested to be HBs positive through polymerase chain reaction
(PCR) and enzyme linked immunosorbent assay (ELISA). The blood was obtained in
Ethylene Diamine Tetra Acetic Acid (EDTA) tubes. Ice packs were used for transporting
blood sera samples from Lahore to Islamabad and were stored at 4°C until further
processing. To obtain the sera, the blood was shifted to 1.5 mL microfuges and
centrifuged at 2500 Xg for 7 minutes. The separating top layer of serum was pipetted out

and shifted to fresh microfuges.

3.2 Viral DNA extraction

Viral DNA was extracted from the sera samples using PureLink Viral RNA/DNA
kit (Invitrogen, USA). According to the manufacturer’s protocol, 25 pl of Proteinase K
was taken in a sterile microfuge tube. 200 ul of cell-free sample (serum) was added to it,
followed by addition of 200 ul of Lysis Buffer (containing 5.6 pg Carrier RNA). The
tube lid was closed and contents were mixed by vortexing for 15 seconds. The tube was
then incubated at 56 °C for 15 minutes. 250 pl of 100% ethanol was then added to it and
again mixed thoroughly by 15 seconds of vortexing. The lysate was incubated at room
temperature for 5 minutes. For the purpose of purification, the above lysate was added to
Viral Spin Column in a collection tube, which was then centrifuged at 6800x g for 1
minute. The collection tube was discarded and spin column was placed in a new Wash
Tube. The column was washed with 500 ul of Wash Buffer (containing ethanol) and
again centrifuged at 6800 Xg for 1 minute. The flow through was discarded and another
round of washing using 500 pl of Wash Buffer was carried out. The column was then

placed in a clean Wash Tube and centrifuged at maximum speed for 1 minute to ensure
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the removal of any residual Wash Buffer. Next the spin column was placed in a clean 1.7-
ml Recovery Tube and to the center of the cartridge, 50 ul of Elution Buffer (sterile
RNase-free water) was added. It was incubated at room temperature for 1 minute,
followed by centrifugation at maximum speed for 1 minute, in order to elute nucleic
acids. The spin column was discarded and the purified viral DNA collected in Recovery

Tube was stored at -20 °C until desired downstream applications.
3.3 Determination of integrity of purified viral DNA

In order to confirm the presence of purified viral DNA, detection PCR was carried

out. It was a Nested PCR based on 2 rounds of amplification and 2 pairs of primers.
3.3.1 HBV Detection Primers

Two pairs of primers were used for detection of HBV DNA (one pair in each
round) which were taken from the Diagnostic Lab of Atta ur Rahman School of
Biomedical Sciences (ASAB). The sequences of the primers are given in Table 3.1

below:

Table 3.1: The sequences of primers used for HBV detection by Nested PCR

Sr.No. | Primer Code Sequence 5’—3’ Length

1 MTB5 CATCCTGGTGCTATGCCTCATCT 23
2 MTB6 GGTATGTTGCCCGTTTGTCTTCT 23
3 MTB7 GGCACTAGTAAACTGAGCCA 20
4 MTB8 CGAACCACTGAACAAATGGCACT 23

3.3.2 Nested Polymerase Chain Reaction

The Nested PCR was carried out in order to determine the presence and integrity
of viral DNA in the purified samples. It consisted of two rounds, each using a 25 ul PCR
reaction mixture containing 1X Taq Polymerase buffer, 2mM MgCl,, 2mM dNTPs
(dATP, dGTP, dTTP, dCTP), forward and reverse primers (10pM each) and thermostable
Taq Polymerase (1U). The template used in first round was the purified viral DNA
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(isolated by the method mentioned above) while for second round of PCR, using the
second pair of internal primers, the PCR product from first round was used as the
template. Nuclease free water was used to make up the volume to 25 ul. The PCR

profiles used are given in Figure 3.1 and 3.2, respectively.

| stace1 | [ stace2 |

Figure 3.1: PCR profile for Round 1 of Nested PCR for HBV detection
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Figure 3.2: PCR profile for Round 2 of Nested PCR for HBV detection
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Standard PCR protocol was employed to carry out the PCR reaction in
thermocycler (Swift Maxi- Esco Swift MaxPro thermal cycler), in order to prevent
contamination. DNA quality was checked by amplification of a ~200 bp fragment of
HBYV genome.

3.3.3 Detection by Gel Electrophoresis

The PCR product from the second round of Nested PCR was assessed using 2%
agarose gel which was prepared in 1X TAE. The stock solution of TAE (50X) was
diluted in distilled water in a ratio of 1:49 i.e. 20 puL of stock TAE dissolved in 980 uL of
distilled water. 80 uL of this working solution of TAE was taken and 1.6 g of agarose
was added to it which was then dissolved by heating in microwave. The gel mixture was
then cooled and 5 pL of ethidium bromide (10mg/mL) was added for gel visualization. 5
ul of the product was run on the gel along with 1X loading dye, at a constant current of
80A for 25 minutes. 100bp ladder (ThermoFisher Scientific) was also loaded for
determination of the band size and estimation of concentration of the DNA. The gel was
visualized in UV-transilluminator and photographed in gel documentation system

(Wealtac, Sparks, USA). Until further use, the PCR products were stored in -20 °C.
3.4 Amplification of HBx gene by Polymerase Chain Reaction

The extracted and purified viral DNA present in the samples that gave positive
results in the HBV detection Nested PCR, were used to amplify the HBx gene via

polymerase chain reaction.
3.4.1 Primer Designing

Primers were designed by obtaining the HBx complete gene sequence published
in GenBank of National Centre for Biotechnology Information (NCBI) (NCBI reference
number YP_009173867.1). Primers were designed to amplify the HBx region taking
cloning considerations into account. For the homology search, Clustal W software and
Basic Local Alignment Search Tool (BLAST) of NCBI

(http://blast.ncbi.nlm.nih.gov/Blast.cgi) was run to determine primer specificity for the

gene. Moreover, restriction sites were incorporated in the primers for future purpose of
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directional cloning. The forward primer included restriction sites for Bbvl, M1uClI, Apol,
EcoRI, FspEI and MsplI restriction enzymes. The reverse primer included restriction
sites for Acil, Fnu4HI, BsiEl, Cvikl-1, Haelll, FspEI, Eael and Eagl restriction enzymes.
Both primers had 100% sequence identity with the X sequence and Tm, GC content and
self-complimentarity was analyzed using online tool OligoCalc. The sequences and

properties are tabulated below (Table 3.2):

Table 3.2: Primer sequences for amplification of HBx gene. The Tm and GC content of
each primer are also shown whereas the highlighted fragment of the primer sequence

indicates the restriction sites.

Sr.No. | Primer Sequence 5°—3’ Tm % GC
Code (°C) | Content
1 HBXDF2 | CTTGAATTCGTTATGGCTGCTAGGCTGTG |71.5 |54.3
CTGCCAA
2 HBXDR | GTTGCGGCCGCTTAGGCAGAGGTGAAAA | 729 |50
AGTTGCA

3.4.2 Optimization of PCR

The extracted DNA was subjected to gradient PCR, with annealing temperature
range of 50 to 60 °C at 2 °C intervals, in order to optimize the annealing temperature (T4)
for amplification of the HBx gene from HBV genome. Once the annealing temperature
that gave the sharpest and most clear band of the amplified gene was optimized, it was

used for further PCR reactions.

The 25 pL PCR reaction mixture was prepared that comprised of Taq Polymerase
buffer (1X), MgCl, (2 mM), dNTPS (dATP, dGTP, dTTP, dCTP) (0.16mM each),
forward and reverse primers (20 pmole each), thermostable Taq polymerase (1U) and
viral DNA as template. Nuclease free water was added to make the volume up to 25 pL.
PCR mixture was placed in thermocycler (Swift Maxi Thermal Cycler Block, ESCO,
Singapore) and Figure 3.2 depict the PCR profile used.

29




Chapter 3 Materials and Methods
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Figure 3.3: PCR profile used for the amplification of HBx gene

3.4.3 Analysis of PCR product by Gel Electrophoresis

To analyze the PCR products, 1.2% agarose gel was prepared using 1X Tris
Acetate EDTA (TAE), as per the protocol mentioned in section 3.3.3. 0.96g of agarose
was weighted and added to 80 mL of 1X TAE. After solidification of gel, 5 ul of the PCR
product was run on the gel along with 1X loading dye. 100 bp ladder (ThermoFisher

Scientific) was also loaded for determination of band size.
3.5 Screening of blood samples for HBx gene

Once the PCR for the amplification of HBx gene of HBV was optimized, the viral
DNA extracted from the collected 50 serum samples were subjected to PCR in order to
screen them for the presence of the gene. The methodology of PCR and product analysis

on gel was same as aforementioned.
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3.6 Purification of PCR product

For each positive sample, bulk PCR (50 uL) was placed, in order to use the PCR
products for purification and prepare them for sequencing applications. GeneJet PCR
Purification Kit (Catalogue No. K0701, Thermo Scientific) was used for purifying the
PCR product. According to manufacturer’s protocol, 100 pL of Binding Buffer was
added to 100 puL of PCR product and mixed thoroughly. Occurrence of yellow color
indicated optimal pH for DNA binding. This mixture was transferred to purification
column and centrifuged for 30-60 seconds at a speed of 13,000 xg. the flow-through was
discarded and 700 puL of Wash Buffer (diluted with ethanol). Next, centrifugation was
again carried out for 30-60 seconds at 13,000 Xg, flow-through was discarded and
purification column was placed back in the collection tube. In order to ensure the
complete removal of any residual buffer, the empty column was spun for an additional 1
minute. Next, the collection tube was discarded and column was shifted to clean 1.5 mL
microcentrifuge tubes. To the centre of the purification column membrane, 50 pL of
Elution Buffer was added carefully and centrifuged for 1 minute at 13,000 Xg. the column

was then discarded and purified PCR product was stored at -20 °C until further use.
3.7 Cloning of HBx gene

One of the potentially important sequences of HBx was cloned in the TA vector

for further applications. The procedure followed was as follows:
3.7.1 Ligation in TA vector

In order to ligate the HBx gene in the TA vector, 2 uL of vector, 5 pL of purified
PCR product (gene of interest), 1 U of T4 DNA ligase were mixed together and NF water
was added to make the mixture volume up to 10 pL. the ligation mixture was incubated at
16 °C overnight in the thermocycler machine and the next day, DH5a strain of E. coli

was used to transform the ligation mixture.
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3.7.2 Preparation of E. coli competent cells

A single colony of E. coli DHS alpha cells was picked from streaked LB plates
and inoculated in Luria-Bertani (LB) medium to obtain growth. The medium was
prepared using 1% trypton, 0.5% yeast extract and 0.5% NaCl in 1L of distilled water. It
was sterilized by autoclaving. Post inoculation, the medium was incubated in the shaking
incubator at 37 °C and at an rpm of 180, with constant shaking for 16-24 hours. On the
following day, 1mL of this overnight grown starter culture was used to inoculate 50mL of
LB medium. It was again incubated at 37 °C with constant shaking. The concentration of
cells was checked every hour by spectrophotometer until the optical density (ODggo) of
the culture reached 0.6. Bacterial cells were then harvested in a 50mL centrifuge tube
through centrifugation at 4000 rpm at 4 °C (Eppendorf, Germany). The supernatant was
discarded while the pellet was re-dissolved in 10mL of ice cold solution ‘A’ that
constituted 100mM CaCl, and 50mM MgCl, and placed on ice for 30 minutes. The cells
were again harvested by centrifuging at 4000 rpm at 4 °C for 10 minutes. The supernatant
was discarded and pellet was re-suspended in 2mL of solution ‘B’ that constituted 50mM
MgCl, and 25% glycerol. 100 puL of this cell suspension was aliqouted in microfuge
tubes for a single transformation reaction. The entire process was carried out on ice i.e.
cold chain maintenance was ensured. The competent cells were stored at -80 °C until

further use.
3.7.3 Transformation

Heat shock method was used to carry out transformation, as described by
Woodcock et al. (1989). 5 puL of ligation mixture was added to 100 uL of competent
cells, followed by 30 minutes incubation on ice. The cells were then given a heat shock
by subjecting them to the temperature of 42 °C for 2 minutes and immediately snap
cooling them on ice for 2-3 minutes. Next, 1 mL of LB medium (without Ampicillin) was
added and cells were allowed to grow for 1 hour by incubating at 37 °C for the expression
of antibiotic resistance gene. Cells were then harvested by centrifuging for 2 minutes at
14,000 rpm and were plated on ampicillin containing LB agar plate (200 ug/ mL). Prior
to plating, 40 uL of 100 mM and IPTG and 40 pL of X-Gal were spread on the plates in
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order to induce the lacZ gene and facilitate blue/white selection. To obtain optimal

bacterial growth, plates were incubated at 37 °C overnight.
3.7.4 Screening and Selection of clones

From the plate, 4 different white colonies were picked and inoculated in 3 mL of
Ampicillin-containing L.LB media (at a ratio of 200 ug per mL) and the cells were allowed
to grow with constant shaking at 37 °C for up to 16 hours. These white colonies contained

the bacterial cells containing cloned plasmids. The clones were confirmed as follows:
3.7.5 Clone confirmation
3.7.5.1 Restriction digestion analysis

Insert was confirmed by digestion with EcoRI (Fermentas, USA) and BamHI
(Fermentas, USA) each, since the pTZ57R/T vector (TA vector) contained restriction
sites for these on both sides of the insert. In another round of digestion, Hincll was also
used to digest the cloned vector. 5 uL of plasmid was treated with SU of restriction
enzyme with a total reaction mixture of 20 pL made up by 1X buffer for each enzyme
respectively. The mixture was incubated at 37 °C for 2-3 hours and the digested products

were run on 1% agarose gel and visualized under UV transilluminator.
3.7.5.2 Colony PCR

In order to confirm the cloning of our gene of interest in the TA vector, colony
PCR was carried out. For this purpose, 4 white colonies were picked with the help of
pipette tip and suspended in 15 pL of autoclaved nuclease free water (1 colony in each
microfuge tube). The colonies were mixed by gentle pipetting. Ampicillin added LB
medium (50 uL in 50 mL media) was then taken and placed at 37 °C for 5 minute for pre-
warming. 190 pL of this was further added to the colony and NF water mixture and
mixed by vortexing. The tubes were kept in shaking incubator at 37 °C for 2-3 hours at
200 rpm to allow bacterial growth. Next, the colony mixtures were subjected to a
denaturation process by keeping it in the thermocycler at a temperature of 95 °C for 15
minutes and then 25 °C for another 15 minutes. This denatured mixture was used as

template to carry out PCR amplification of the HBx gene by similar procedure as
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mentioned in 3.4.2 and the results were analyzed on gel by similar procedure as

mentioned in 3.4.3.
3.8 Plasmid isolation

From the starter culture mixture (of positive colonies) containing picked colonies
suspended in NF water and L.B broth, 100 uL was taken and added to 10 ml of L.B
media with Ampicillin added. It was incubated at 37 °C overnight for 16 hours, at a
constant shaking of 120 rpm. Post-incubation, the inoculated media was centrifuged at
maximum speed (X 16,000 g) for 2 minutes. The supernatant was discarded and pellet
containing the bacterial cells was used to isolate plasmid by using GenJet Plasmid
Miniprep Kit (# K0502, Fermentas, USA). The pellet was resuspended in 250 pL of the
‘Resuspension Solution’ (containing RNase) and mixed thoroughly by pipetting up and
down and vortexing. The mixture was transferred to a fresh microcentrifuge tube and 250
uL of the Lysis Solution was added to it. Thorough mixing was done by inverting the
tube 4-6 times until the solution became viscous and slightly clear. Next, 350 uL of
‘Neutralization Solution” was added to it and mixed immediately by inverting the tube 4-
6 times to prevent localized precipitation of bacterial cell debris, until it attained cloudy
appearance. The mixture was then centrifuged at >12000 xg for 5 minutes to pellet down
cell debris and chromosomal DNA. Pellet was discarded and the supernatant was
transferred to the supplied Genelet spin columns by decanting. The column was then
centrifuged for 1 min at a speed of > 12,000 Xg and the flow-through was discarded. The
column was placed back in the collection tube and 500 pL of ‘Wash Solution’ (diluted
with ethanol) was added to the GenelJet spin column. Centrifugation was again carried out
for 30-60 seconds at the same speed and flow-through was discarded. This washing step
was again repeated using another 500 uL. of Wash Solution. The empty column was spun
for an additional 1 minute to remove any residual Wash Solution. Next, the GeneJet spin
column was shifted to fresh 1.5 mL microcentrifuge tubes and collection tube was
discarded. 50 pL of the Elution Buffer was added to the center of the spin column
membrane to elute the plasmid DNA. It was then centrifuged for 2 minutes at 12,000 xg
after 2 minute incubation. The column was discarded and the purified plasmid was stored

at -20 °C for further processing.
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3.9 Analysis of Plasmid DNA by Gel Electrophoresis

To analyze the purified plasmid, 1% agarose gel was prepared using 0.8g of
agarose which was added to 50 mL of 1X Tris Acetate EDTA (TAE) buffer. The gel
preparation procedure was same as mentioned in section 3.3.3 above. 3 pL of the purified
plasmid was run on gel along with 1X loading dye, at a constant current of 80 A for 20
minutes. The gel was then visualized under UV and photographed in gel documentation

system (Wealtac, Sparks, USA).
3.10 Sequencing of Clone

The purified plasmid was sent to Eurofins MWG Operon., Karachi for automated
sequencing by forward and reverse universal M13 primers. The sequence was subjected
to BLAST homology search to confirm the extent of similarity with published HBx

sequence on NCBI at both nucleotide and protein level.
3.11 Mutational Analysis of HBx sequences

The purified PCR products containing HBx variant sequences were sequenced
using both forward and reverse gene specific primers and analyzed in order to determine
the prevalent mutations. The sequencing results from forward and reverse primers were
aligned at CLUSTALW in order to generate a complete X sequence (filling in missing
nucleotides in forward sequence from the reverse sequence). These 13 sequences were
then aligned with published HBx sequence available at NCBI, after deriving a consensus
sequence. In order to determine the changes/ mutations, the sequences were aligned in
CLUSTALW and MultiAlin. The complete gene sequences were translated into
coresponsing amino acid sequences using the ExXPASy Translate Tool which were further
aligned on CLUSTALW with consensus HBx protein sequence, retrieved from NCBI, in

order to detect the changes at protein level.
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RESULTS

4.1 Sample Collection

Blood sera samples were collected from 50 HBV infected patients after their
informed consents. The inclusion criteria were patients with chronic HBV infection,
preferably having onset of liver disease and high viral titer. Data pertaining to the patients
was also recorded, however, no elaborate data was found in the track records of patients
from Shalamar Hospital, Lahore. The recorded information about the patients is tabulated
as follows (Table 4.1). Among the 50 patients whose sera samples were processed, 30
were male and 20 were female. The samples were collected from Lahore and Islamabad

city and the range of age of patients was 17 to 68 years.

Table 4.1: Data pertaining to HBV patients whose sera were collected

Sr.No. Region Gender Age Viral Titer

1 Lahore Female 40 <3.0

2 Lahore Female 38 3421

3 Lahore Female 54 <3.0

4 Lahore Male 32 <3.0

5 Lahore Male 41 234,671
6 Lahore Male 60 23,524

7 Lahore Female 35 56,789

8 Lahore Male 34 <3.0

9 Lahore Male 17 34,256,192
10 Islamabad Male 55 562197
11 Islamabad Male 26 91721
12 Islamabad Male 33 56190
13 Islamabad Female 15 103000
14 Islamabad Male 61 83251
15 Islamabad Female 60 73007
16 Islamabad Female 35 84000
17 Islamabad Male 71 39000
18 Islamabad Female 55 59300
19 Islamabad Male 36 89532
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20 Islamabad Male 24 93500
21 Islamabad Male 20 89300
22 Islamabad Male 58 79301
23 Islamabad Male 66 87430
24 Islamabad Female 20 56009
25 Islamabad Female 18 73461
26 Islamabad Male 40 86390
27 Islamabad Male 25 89409
28 Islamabad Male 36 873900
29 Islamabad Female 21 93000
30 Islamabad Male 57 -
31 Islamabad Female 35 -

32 Islamabad Female 32 57910
33 Islamabad Female 43 31004
34 Islamabad Male 44 748130
35 Islamabad Female 40 -
36 Islamabad Male 22 562197
37 Lahore Male 29 -
38 Lahore Male 34 -

39 Lahore Female 34 -

40 Lahore Male 62 -
41 Lahore Male 40 -

42 Lahore Female 26 -
43 Lahore Male 41 -

44 Lahore Female 33 -

45 Lahore Male 38 -

46 Lahore Male 68 -

47 Lahore Male 22 -
48 Lahore Female 37 -

49 Lahore Male 68 -

50 Lahore Female 34 -
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4.2 Detection of Viral DNA through Nested Polymerase Chain Reaction

The extracted viral DNA from 50 sera samples was subjected to Nested PCR
using 2 pairs of HBV detection primers to confirm the presence and integrity of HBV
DNA. The appearance of band size of approximately 200 bp confirmed the presence of
HBYV genome and these samples were rendered positive and further used to amplify the
HBx gene. Results of some of PCR samples are shown in Figure 4.1 and 4.2,

respectively.

1000bp

500 bp
= ~200bp

Figure 4.1: Detection of viral DNA through amplification of HBV core region by Nested
PCR. Lane M: 100 bp ladder (Fermentas); Lane 1 to 6: PCR products (Lane 1, 2, 3, 4, 5

and 6 indicate positive results for HBV DNA); Lane 7: Negative control

Figure 4.2: Detection of viral DNA through amplification of HBV core region by Nested
PCR. Lane M: 100 bp ladder (Fermentas); Lane 1 to 11: PCR amplification from
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different patient samples (Lane 5, 7, 8, 9 and 11 are positive for HBV DNA); Lane 12:

Negative control
4.3 Amplification of HBx Gene by PCR and Screening of Samples

The annealing temperature for HBx amplification was optimized to be 52 °C.
Using this PCR profile, the viral DNA samples that gave positive results for detection
PCR were used to amplify the HBx gene by using gene-specific primers. The PCR
products were run on gel and the appearance of a band of approximately 465 bp
confirmed the amplification of HBx gene in the sample. Figure 4.3 and 4.4 show some of

the positive results.

M 1 2 3 4 5 6 7 8 910 11 12 13 14 15 16

e O DT 1 S S S R 113 L4 L5 NC

Figure 4.3: Screening of HBx gene from viral DNA isolated from sera samples. Lane M:
100bp ladder (ThermoFisher Scientific, USA); Lane 1-15: PCR products (Sample L3, LS,
L6, L7, L8, L9, L11, L12, 13 and L14 are positive for HBx gene); Lane 16: Negative

control
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M 1 2 3 45 67 8 9 1011 12 13 1415 16 17 18 19

10
Lagggr L17 L18 L19 L20 L21 L22 D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 D13

-

~465bp

e

- -
B —— R - -

D14 D15 D16 D17 D18 D19 D20 D21 D22 D23 NC

Figure 4.4: Screening of HBx gene from viral DNA isolated from sera samples. Lane M:
100bp ladder (ThermoFisher Scientific, USA); Lane 1-29: PCR products (Sample L18,
L19, L20, L21, L22, D1, D2, D5, D8, D10, D13, D16, D17 and D21 are positive for HBx

gene); Lane 30: Negative control
4.4 Purification of PCR product

After successful amplification, the PCR products were purified to remove all
contaminants (buffer, salts and primer dimers) to avoid any interference with sequencing
process. Post-purification, the products were run on gel to check discreteness, sharpness

and intensity of bands appropriate for sequencing purposes.
4.5 Cloning of HBx gene

4.5.1 Ligation in TA vector

One of the purified gene products was cloned in the TA vector. Figure 4.5 shows

the map of the vector and site of HBx cloning.
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Figure 4.5: Map of pTZ57R/T showing sites for various restriction enzymes, the lacZ
gene and the cloning site with T overhangs (dT) where gene of interest with A overhang

binds.
4.5.2 Clone confirmation
4.5.2.1 Restriction digestion analysis

The white colonies were picked and inoculated in LB media for further growth.
Plasmid was isolated from the positive sample and subjected to restriction
digestion analysis for clone confirmation. The clones were subjected to EcoRI
digestion that cut out the cloned gene producing a band size of approximately 500
bp, BamHI that produced a band of ~50 bp if the orientation of clone was reverse
and Hincll that produced a band of about 310 bp, as indicated by Figure 4.6 and

4.7, respectively. The band sizes indicated reverse orientation of the HBx gene.
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—F

Figure 4.6: Confirmation of presence and orientation of clone through restriction
digestion of pTZS7R/T-HBx clone by EcoRI and BamHI. Lane M: 1kb ladder
(Fermentas); Lane 1-15: Digestion of each of the five samples (C3, C8, C9, C10 and
C12) run in sets of 3 i.e. untreated plasmid, treatment with EcoRI and treatment of
BamHI respectively; Appearance of ~500 bp band with EcoRI and ~50bp band with

BamHI indicate the successful cloning of gene of interest in reverse orientation

1000bp
—_—

e A X
o=

SOOI))
~310bp
B Sadhuacd

Figure 4.7: Confirmation of presence and orientation of clone through restriction
digestion of pTZ57R/T-HBx clone by Hincll enzyme. Lane M: 1kb ladder (Fermentas);
Lane 1-5: Digestion of each of the five samples C3, C8, C9, C10 and C12; Appearance
of ~310 bp band with Hincll indicate the successful cloning of gene of interest in reverse

orientation in samples C8, C9 and C10
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4.5.2.2 Colony PCR

The white colonies expectedly containing the cloned gene of interest were picked
and added to LB media. They were then confirmed by colony PCR. Figure 4.8 shows the

results:

100 bp
‘Ladder -N.C. S8

1000 bp H

500 b ——

Figure 4.8: Colony PCR results of TA clone of HBx gene. Lane M: 100 bp ladder
(ThermoFisher Scientific); Lane 1: Negative control; Lane 2-5: PCR products (S8, S9

and S10 show successful amplification of the HBx sequence rendering the clones

positive)
4.6 Plasmid Isolation

For sequencing purpose, the positive clones were isolated and purified and run on

gel for analysis. Figure 4.9 shows the purified plasmids containing our gene of interest.

Figure 4.9: Purified plasmids containing gene of interest
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4.7 Sequencing of Clone

The TA vector cloned with HBx (our gene of interest) was sent for sequencing
from both forward and reverse universal primers (M13) and the results were subjected to
BLAST Homology search at NCBI. The results depicted 95% homology of the sequence
with published HBx gene sequence. The nucleotide sequence was translated into amino
acid sequence using ExPasy Translate tool and subjected to BLAST Homology search for

proteins. The results depicted 90% homology with published HBx protein sequence.
4.8 Mutational analysis of X sequences

The purified PCR products containing the amplified X gene were sent for
sequencing. The sequencing results from forward and reverse primers were aligned at
CLUSTALW in order to generate a complete X sequence (filling in missing nucleotides
in forward sequence from the reverse sequence). These 13 sequences were then aligned
with published HBx sequence available at NCBI, after deriving a consensus sequence. In
order to determine the changes/ mutations, the sequences were aligned in CLUSTALW

and MultiAlin. Refer to Annexure 1 for the CLUSTALW sequence alignment results.

The changes detected in the X sequences [point mutations (substitutions),
deletions, insertions and truncations at 3’ and 5’ ends of gene] are reported in the
following tables. The most prevalent DNA changes i.e. occurring most frequently in the
13 X variants were considered i.e. any change occurring in at least >5 sequences were

duly considered and their affect at protein level were studied in detail.

Table 4.2: Insertions detected in HBx sequences

Seq No. Insertions
L6 90_91insG
L22 68_69insAA

101_102insA

D1
264_2651insC
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Table 4.3: Deletions detected in HBx sequences

Seq No.

Deletions

L2

36_37delGC

L22

365_369delAGTTG
415_416delCA

Dl

28_30delGAT
253delG
351delT
404delG

415_416delCA

D8

29delA
69_70delTG
415_416delCA

D13

415_416delCA

D16

64delG

69del T

142delG
332delA

Table 4.4: Truncation detected at 3’ end of HBx sequences

Seq No.

Truncation at 3’ end

L22

36 bp truncation from 1% to 36™ position

(ATGGCTGCTAGGCTGTGCTGCCAACTGGATCCTGCG)

Table 4.5: Truncation detected at 5° end of HBx sequences

Seq No. Truncation at 5’ end
L22 16 bp truncation from 450™ to 465™ position
(TTTCACCTCTGCCTAA)
D1 46 bp truncation from 420" to 465™ position

(ATTGGTCTGCGCACCAGCACCATGCAACTTTTTCACC

TCTGCCTAA)

45



Chapter 4 Results
D8 46 bp truncation from 420™ to 465™ position
(ATTGGTCTGCGCACCAGCACCATGCAACTTTTTCACC
TCTGCCTAA)
D13 19 bp truncation from 447" to 465™ position
(CTTTTTCACCTCTGCCTAA)

Table 4.6: Most commonly occurring substitutions (Mismatches) detected in X variants

Sr. No. Type of Mutation Frequency (out of 13 Percentage of X
sequences) mutants carrying
mutation
1. 21C—>T/A 6 46%
2. 23A—C/T 7 54%
3. 24A—>T 5 39%
4. 25C—T/A 6 46%
5. 35CoA/T 5 39%
6. 43G—T/C 5 39%
7. 54A—C/G/T 6 46%
8. 57T—>A/C 6 46%
9. 64G—C/T 5 39%
10. 70G—A 10 77%
11. 76T—C/A 13 100%
12. 89T—A 7 54%
13. 97T—C 13 100%
14. 136C—T 11 85%
15. 262A—T/C 8 62%
16. 264A—C 10 T7%
17. 270C—T 7 54%
18. 303A—-T 13 100%
19. 354A—-G 11 85%
20. 384G—A 9 69%
21. 400C—>T 12 92%

4.9 Mutational Analysis of X Protein sequences

The corresponding CLUSTALW

sequence alignment results for protein

sequences are shown in Annexure 2. The various mutations occurring at the protein

level, corresponding directly to the mutations at nucleotide level, were recorded as

follows:
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Table 4.7: Deletions/ Insertions detected in X protein sequences

Seq No. Deletions/ Insertions
L12 119delW
D1 109delE
D8 57delG
D16 35_36delGT
90delP
114_115insV

Table 4.8: N-terminal truncations detected in X protein sequences

Seq No.

Truncation at N terminal

L22

12 amino acid truncation from 1% to 12"
position (MAARLCCQLDPA)

Table 4.9: C-terminal truncations detected in X protein sequences

Seq No. Truncation at C terminal
L22 9 amino acid truncation from 145" to 154™ position
(APCNFFTSA)
D1 17 amino acid truncation from 137" to 154™ position
(RHKLVCAPAPCNFFTSA)
D8 15 amino acid truncation from 139" to 154™ position
(KLVCAPAPCNFFTSA)
D13 7 amino acid truncation from 147" to 154™ position
(CNFFTSA)
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DISCUSSION

Chronic infection of HBV has been the leading worldwide cause of liver cancer,
comprising of 55% of cases around the globe (Zhang et al., 2016). Mounting evidences
implicate the role of HBxAg (viral product of X ORF) in the carcinogenesis. It is said to
interact with a plethora of cellular proteins leading to deregulation of various signaling
pathways pertaining to cell cycle process, cell growth and apoptosis e.g. Src, PI3K/AKT,
Wnt/B-catenin, Jak1/STAT, NF-kB etc (Kew, 2011).

It has been reported that mutations tend to accumulate in the genome of HBV
during the course of its natural history of infection. Many of these changes occur in the
HBx gene and have been preferentially detected in patients with advanced liver disease.
The integration of mutated HBx sequences in host’s genome mark the onset of
carcinogenesis. These alterations can also help in determining the stage of chronic
infection as well as its prognosis, for instance, double substitution K130M and V1311
have been more frequently detected in HBx sequences derived from the sera of patients
presenting cirrhosis or HCC as compared to the HBx sequences derived from sera of
patients with HBV infection or mild liver disease (Baptista et al., 1999; Venard et al.,
2000).

It 1s a widely known fact that HCC occurs many years post-HBV infection;
however, precise events of how HBV leads to cell transformation are not very clearly
understood. Owing to the prevalence of many point mutations, insertions and deletion in
HBx sequences derived from sera or tissue of chronic patients, we analyzed the HBx
polymorphisms to determine whether they are similar to the mutations already reported
by other research groups or are there characteristic HBx alterations that strongly disrupt
its functional activities and associate with the liver disease. Our study also aimed at
determining various mutations that may occur in X sequences and could lead to changes
in X protein. The results indicated higher frequency of mutations at the 3” and 5” ends of

the gene whereas the internal regions were found to be relatively conserved.

Most frequently occurring mutations identified were substitutions at 76T—C/A,

97T—C, 303A—T, 400C—T/G, 136C—T and 70G—A/T that occurred in all the
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examined X sequences. 70G—A/T substitution changed the codon for Valine (24" amino
acid in X protein) and resulted in frameshift mutation from 24™ t6 33 or 39™ amino acids,
depending on accompanying substitutions and codon redundancy. 76 T—C/A substitution
changed the codon for Cysteine (26™ amino acid in X protein) and led to a frameshift
from 26" amino acid onwards. Similarly, substitution 97T—C changed the codon for
Serine (33rd amino acid in X protein) to Proline (mostly) or Arginine or Alanine,

however, unlike other substitutions, did not lead to a frameshift.

All these aforementioned changes occurred in the regulatory domain of X protein
within which is present the Ser/Pro rich dimerization region. It can thus be predicted that
these frameshifts could perturb the dimerization of X with other proteins involved in
signal transduction, protein decay, cell division or gene transcription. As reported by
Reddi et al. (2003), this particular region of X has a putative function of signal
transduction and also performs the ATPase and GTPase functions in the host cell.
Contradictory to this, it is also suggested by researchers that HBx protein with N-terminal
truncation was sufficient for dimerization process provided the four cysteine residues at
position 7%, 8" 17" and 26™ remained unaffected (Lin and Lo, 1989). Substitutions
commonly occurring in our sequences in dimerization region of X protein did not affect

any of the 4 important Cysteine residues.

Other noteworthy substitution occurring in all of the analyzed X variants were
303A—T and 400C—T that altered the codons for Serine (position 101) and Lysine
(position 134), respectively. Owing to the degeneracy of codons, the substitution
303A—T changed the genetic code from TCA to TCT, both of which code for the same
amino acid Serine, hence making no difference to the protein. The other substitution of

400C—T, however, changed the Lysine residue.

According to Chen et al. (2005), one of the most commonly occurring mutation
pattern observed in HBx sequences amplified from either liver tissue (40%) or serum
samples (70.7%) of patients chronically infected with HBV is the insert mutation at
position 204 (insert AGGCCC) which is almost always occuring with point mutations at
position 260 (G—A) and 264 (A— G/C/T). In comparison to our study, 12 out of 13
sequences (i.e. L9, L11, L12, L18, D1, D2, D8, D13, D16, D21) showed similar
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substitution at position 264 (A—C) which was always accompanied by substitution at
position 262 (A—T) together responsible for amino acid substitution of 88I—F in HBx
protein. However, it was not accompanied by any insertions at positions 204, as reported

by Chen et al. (2005).

Among other commonly reported mutations in the HBx region is the double
mutation at 1762/1764 position in HBV genome that makes 386™ and 388™ nucleotide of
the gene (Ma et al., 2008) but except sequence L22, D16 (for 386™ position) and L2, DS,
D16 (for 388" position) none of our sequences significantly showed point mutations at
these positions. Moreover, the core promoter overlaps with the X gene and hence
common point mutations there A1753C, A1762T and G1764A induce 1127T, K130M,
V1311 and F132Y changes near the X protein’s C-terminus (Tong et al., 2013). In our
results, amino acid substitution at position 131 was also seen in sequences L22, D1, D16,
D21 changing Valine to Isoleucine/ Serine or Glutamic Acid, depending on the

accompanied point mutation in the very codon.

As per the previous studies, wild-type HBx tends to inhibit cell proliferation and
transformation but the occurrence of mutations and truncation at C-terminal region can
abrogate the activities of wild-type HBx resulting at the stage of integration of HBV
DNA into HCC tissues. In addition, it was found that the wild type HBx enhanced
promoter activity for the tumor suppressor p21 which was abrogated by the K130M
mutation in HBX, in turn downregulating p21 protein levels (Ma et al., 2008; Tu, Bonura
and Giannini, 2001; Sirma et al., 1999). Similarly, our results in sequences L2, .22, D1,
D8, D13 and D16 also indicated change of amino acid Lysine (K) at position 130 into
Methionine or Glutamine, as per the substitutions at adjacent positions that changed the

code for K accordingly.

Research has also revealed presence of insertions in HBx gene and their potential
role in tumorogenesis. According to the findings of a Korean cohort study conducted by
Lee et al. (2011), four novel types of insertion mutations (PKLL, GM, FFN and tt) were
detected in 6 patients. We found novel insertions not previously reported. Insertion
90_91insG in sequence L6 caused substitution of 30™ amino acid of X protein from

Phenylalanine to Threonine. Another sequence L22 was found to have insertions
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(68_69insAA and 101_102insA) which led to frameshift mutation in the respective X
protein from 22" to 34™ amino acid, thereby disrupting its 14-3-3 binding motif (ranging
from 26 to 35 amino acids). This interaction of 14-3-3 protein with HBx is essential for
Raf-1 kinase activation that in turn plays a role in hepatocyte growth regulation (Aoki et

al., 2000).

An important deletion of 415_416delCA, observed in 4 sequences (D1, D8, D13,
L.22) in codon 139 caused a frameshift mutation from amino acid 138 to 146 which are
present in the p53 binding domain of X protein, hence disrupting the motif. Within the
transactivating domain of X protein is present the p53 binding region, however the two
functions of HBx are independent of each other. HBx tends to directly or indirectly
oppose the functions of p53 e.g. it decreases the repression of alpha-fetoprotein (AFP) via
p53, through the p53 binding element on the AFP promoter. Moreover, X binding to p53
can also alleviate certain liver specific transcriptional co-repressors (Murakami, 2001).
Hence, it can be concluded that insertion 415_416delCA in X protein can render p53

down-regulated and increase the cancer progression.

Six key mutations were also reported that are located in the core promoter and
proximal region of the precore gene (overlapping with X): G1613A, C1653T, T1753V,
A1762T, G1764A, A1846T, G1896A and G1899A, however, they were not found to
occur significantly in our sequences. Interestingly, a recent study also investigated the
post operative value of HBV mutations in HBxAg and identified 8 mutational sites
including 1383, 1461, 1485, 1544, 1613, 1653, 1719, and 1753 that could independently
predict HCC survival (Zhang et al., 2016; Jang et al., 2012; Park et al., 2014). The first
reported mutational site i.e. 1383 (7™ nucleotide in X gene) was found consistent with our
findings. 5 sequences (i.e. L11, L18, DI, D8, and D13) contained the substitution at
position 7 from G to T, thereby causing frameshift in X protein from amino acid 3 to 15
or 18, depending on accompanying substitutions at nucleotide level. This change of a set
of amino acids could disrupt the regulatory domain of HBx protein that spans from 1* to

50" amino acid (Li et al., 2009).

A very important event occurring in X-protein associated carcinogenesis is the C-

terminal truncation of the protein. Various researches have established that disruptions in
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HBx that lead to formation of HBx proteins truncated at C-terminal are more prevalent in
the tissue or sera of patients with early onset or late stage of liver tumor than in non-
tumor patients (Chen et al., 2000; Paterlini et al., 2005; Hsai et al., 1997). These C-
terminally truncated HBx proteins are devoid of their anti-proliferative activity and co-
operate with ras and myc oncogenes in cellular transformation (Tu et al., 2001). These
frequently occurring C-truncated HBxAg also lose their pro-apoptotic activity that is
otherwise functional in wild-type HBXx, thereby increasing the transformation process in

vitro and tumor- promoting activity in vivo (Ma et al., 2008).

Among the X sequences we analyzed, 7 were found to be truncated at the 5’ end
(L6, L11, L12, L.22, D1, D8, D13), correspondingly translating into HBx proteins with C-
terminal truncations. The range of number of amino acids truncated at C-terminal was 2
to 19 amino acids, hence perturbing the transactivation domain (50 to 154 amino acids)
within which is present the p53 binding domain (100 to 154 amino acids). Similarly, Ma
et al. (2008) found that 3° of X gene was frequently deleted in HCC cells, leading to the
X protein truncated at —-COOH terminal and that these were sufficient for causing HCC
instead of full-length HBx. In addition to that, studies have also revealed that presence of
C-terminal truncations in X protein of < 24 amino acids (as in case of our X sequences)

can be significantly correlated to venous invasion and metastasis (Sze et al., 2012).

X protein found in chronically infected patients is almost always truncated at
either N-terminal or C-terminal or both. N-terminal of the protein consists of the
regulatory domain which is not involved in trans-activation. Our results included 8 out 13
N-terminal truncated X amino acid sequences: L2, L12, L22, D1 D2, D13, D16 and D21.
According to the investigation of Gottlob et al. (1998), transfection of REV2 cell lines
with HBx mutants lacking the NH2 terminal segment showed retention of trans-
activation property but were still unable to alter growth characteristics of REV2 cells
hence concluding that HBx trans-activation activity (C-terminal domain) is neither

essential nor sufficient for tumor progression.

Truncation or frame shift mutations in the N terminal of X protein do not tend to
affect its trans-activation function that is responsible for cancer. Various studies have

asserted that truncated C-terminal or deletions in the trans-activation domain causes the
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loss of p53 dependent transcriptional repression binding site and growth suppressive
effect domain, leading to cell proliferation and transformation (Wang et al., 2005).
According to Gottlob et al. (1998), presence of putative pS3 binding domain only and not

the initial trans-activating domain cannot execute trans-activation functions.

Conclusively, the prevalence of significant mutations in the analyzed HBx
sequences manifest important changes in the protein, thereby, altering its functional
properties and opting for different mechanisms that lead to increase in cell proliferation,
suppression of p53 mediated cell division checks and alleviation of apoptosis, all
eventually leading to favorable conditions for cellular transformation. These frequently
occurring mutational events can be used as predictive biomarkers to determine the stage
of chronic infection and cancer progression. RNA interference technology can be used in
future against the X mRNA corresponding to its dimerization or transactivation domains/
pS3 binding motif/ 14-3-3 binding region etc, with the target of minimizing HBx-
mediated hepatocarcinogenesis. For further studies, a larger sample size may be
collected, also including the liver tumor tissue samples and mutational analysis can be

carried out using other mutation-specific detection PCRs.
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CCTTCTCCRTCTRCCATTTCGCCCOACCACOROGCOCACCTCTCTTTACGCAGACTCCCC
CCTTCTCCaTCTRCCaTTTCTTCCATCTGTR060G6CAGCTCTRTTTATGCGRGACTCCCE
CCTTCTCCoTCTGCCATTCCGACCOACCACOROGCOCACCTCTCTTTACGCAGACTCLCC
CTTTCTCCCTCTaCCATTTCGACCOACCATOR06RGCACCTCTCTTTACCCARACTCCCC
CCTTCTCCaTCTRCCRTTTCRACCRACCACR0GGCGCACCTCTCTTTACGCGRACTCCCE
CCTTCTCCaTCTRCCRTTTCRACCRACCACROGGCCCACCTCTCTTTACNCGGACTCCCE
CCTTCTCCOTCTGCCATTTCGACCOACCACOROGCOCACCTCTCTTTACGCAGACTCLCC
CCTTCTCCaTCTaCCATTTCGACCGACCACOROGCOCACCTCTCTTTACGCAGACTCCCC
CCTTCTCCaTCTRCCRTTTCRACCRACCACR0GGCGCACCTCTCTTTACGCGRACTCCCE
CCTTCTCCOTCTGCCATTTCGACCOACCACOROGCOCACCTCTCTTTACGCAGACTCLCC
CCTTCTCCaTCTaCCATTTCGACCGACCACOROGCOCACCTCTCTTTACGCAGACTCCCC
CCCTCTCCaGNTRCCCCTCCRACC-ACCGCRARGCGCACCTCTCTCRACGNTGACTGACA
CCTTCTCCOTCTGCCATTTCGACCOACCACOROGCOCACCTCTCTTTACGCAGACTCLCC
CCTTCTCCaTCTaCCATGCCACCGAACT CORGGCOCACCTCTCTTTATRCTEACTCCCC

OobERER O kg oo B R R 3 i ¥

GTCTaTGCCTTCTCATCTCCRGACCRTATRCACTTCACTTCACCTCTGCACGTCGCATS
TTCTaTGCCTTCTCATCTRCCRGACCRTATRCACTTCACTTCACCTCTRCATGTCGCATS
QTCTGTGCCTTCTCATCTOCCRGACCRTRTRCACTTCRCTTCACCTCTRCACOTCGCATG
GTCTaTGCCTTCTCATCTCCRGACCRTGTRCACTTCCCTTCACCTCTGCTTGTCTCATG
GTCTaTGCCTTCTCATCTRCCRGACCRTATRCACTTCACTTCACCTCTRCACGTCGCATS
QTCTGTGCCTTCTCATCTOCCRGACCRTRTRCACTTCCCTTCACCTCTRCACOTCGCATG
GTCTaTGCCTTCTCATCTCCRGACCRTATRCACTTCACTTCACCTCTGCACGTCGCATS
GTCTaTGCCTTCTCATCTRCCRGACCRTATRCACTTCACTTCACCTCTRCACGTCGCATS
QTCTGTGCCTTCTCATCTOCCRGACCRTRTRCACTTCRCTTCACCTCTRCACOTCGCATG
GTCTaTGCCTTCTCATCTCCRGACCRTATRCACTTCACTTCACCTCTGCACGTCGCATS
GTCTaTGCCTTCTCATCTCCRGACCRTATRCACTTCACTTCACCTCTGCACGTCCCATS
OTCTaOGCCTTTTCATCTGTAGGACCRTATRCAGTTCAGTTCNTTTCROCACGTCTCARD
QTCTGTGCCTTCTCATCTOCCRGACCRTRTRCACTTCRCTTCACCTCTRCACOTCGCATG
GTCTaTGCCTTCTCTTCCCCTRGACCRTGTRCACTTCRCTTCCTCTCTGCACGTCGCATG
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GAGACCACCaT GAACGC AL CAATTAGACCCCAGRTCTTACATAAGAGGACTCTTGNA
A GACCACCaTOAR LG CCACCARATCTTRCCTARGGTCTTACATAAGAGRACTLCTTA0A
CAGACCACCaT GAA G AL CAATATTRCC CARGRTCTTACATAAGAGGACTCTTAGA
GAGACCTCCaTOAT LA CCAATTCCTTRCCTARGGTCTCACATAAGAGRACTLCTTRAT
CAGACCACCaT GAACGCCCACCAATTCTTRCCTARGRTCTTACATAAGAGGACTCTTAGA
A GACCACCaT QAR CCCCCACCAATTCTTGCCTARGGTCTTACATOAGAGRACTCTTAGA
A GACCACCaT AR LG CCACCAATTCTTGCCTARGRTCTTACATAAGAGRACTCTTG0A
GAGACCACCaTOAR LG CCACCAATTCTTGCCTARGRTCTTACATAAGAGRACTLTTA0A
A GACCACCaT AR LG CCACCAATTCTTGCCTARGRTCTTACATAAGAGRACTCTTG0A
GAGACCACCaT GAACGCCCACCARTTCTTRCCTAAGRTCTTAAT ARGEAGGACTCTTAGA
A GACCACCaTGAR LG CCACCAATTCTTGCCTARGGTCTTACATAAGAGACTCTTA0A
CAGACCGCCaTGAACCCCCATTARCTCTTGTATARGRTCTTAGATAAGAGGACTCTTAGA
A GACCACCaT ARG CCACCAATTCTTGCCTARGGTCTTACATAAGAGRACTCTTA0A
CACACCACCGAGAACGCCCACCARTTCTTRCCTARGRTCTTACTTAACAGGACTCTTAGA

BEOREE RRECRLE BB 81 RRREREE o RRRRERRERE

(T CGaT AT TCAACGACCRACCTTGAGRCATACTTCARARACTATTTATTTAAACAS
T TG RAT T CAACGACCRACCTTGAGRCATACTTCARAACTOTTTGTTTAAGGAC
(T CAGCRATaTCAACGACCRACCTTGAGRCATACTTCARARACTATTTAT TTAAAGAL
CTCTCTaTCATTCTTCACCRACCTTTAGGCTTACTTCAATGACTRTTTGTTARGRACT
(T CTaTRATaTCAACGACCRACCTTGAGRCATACTTCARARACTATTTAT TTAAGGAL
CT T TG RAT T CAC G CAGACCTTGAGRCATACTTCARAGACTTTTATTTAAGGAC
CTCTCTaTAATGTCAACGACCRACCTTONGOCATACTTCARARACTATTHGT TTAAGGAC
T TG AT TCAAC A CCRACCTTGAGRCATACTTCARARACTTTTGTTTAAGGAC
CTCTCTaTAATGTCAACGACCRACCTTGAGOCATACTTCARARACTATTTGTTTAAGGAC
T TG AT TCAACGACCRACCTTGAGGCATACTTCARARACTATTTATTTAAGGAL
CTCTCTaTAATGTCAACGACCRACCTTGAAGCATACTTCARARACTATTTGTTTAAGGAC
CTTTCTaTRATaTCARTGAACGACGTTACGCATTTTTAMAG-ACTOTTTATTCAATGAC
T TG RAT T CAACGACCRACCTTGAGRCATACTTCARAACTOTTTGTTTAAGGAC
CTCTCTaTRATaTCCACGACCRACCTTGAGRCATACTTCCARRACTATTTAT TTAAGGAL
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16640 -----ARE0ARC CO0ARGOAAAAAATRCTCTTAATTGRE - -GATGGARALTA
T60GA06ARTT GAG0ATCAGRT TAGRTTTATCATTCTTAACTAR- - - TCTGTANNTTT
16060 6ARTT 0Ra0AREACAT TAGG TTARAGATCTTTATACTARGAGGC AT AGGCAT
(GA000CAGTTOO0CGAGGAGATTTOATT ARAGGTTCTTGAATTAR- ---CTATAGRTAT
TGA0ARGAOTTO00RGARGAGATTAGATT AAAGGTCTTTRTATTARGARGCTATAGRCAT
TGa0ARGAOTTO00RGARGAGATTAGATT AAAGCCTTTRTATTARDARGCTATAGGIAT
TABOARGAOTTO00RGAGGACATTAGATT ARG TCTTTRTATTARGARGCTATAGRCAT
TBa0ARGAOTTO00AGAGGAGATTAGATT ARG TCTTTRTATTARGARGCTATACGCAT
16AGA06ARTT 0GRA0AREACAT TAGATTARAGATCTTTATATTARGAGRCTAT AGGCAT
16060 6ARTT 0GRa0AREACAT TAGATTARAGATCTTTATATTARGAGRCTAT AGCAT
16060 6ARTT 0L A0ARGAGAT TAGATTAGAGATCTTTATATTARGAGRC AT AGCAT
TGACTOGAGGTO00GGARGAGATTAGATCHGAGGNCTTTCTATTARGAGGCTGRAGGCAT
TBa0ARGAOTTO00RGARGAGATTAGATT AAAGGTCTTTRTATTARGAGGCTATAGNICAT
TGa0ARGARTTO00RGARGAGATTAGATTACAGGTCTCCCTATTARGAGGAT TCATCTAT

L] i-: %:I i-”:-: I$I: i-:l: : i-: ::-:' $II I:':' $

ARATTOGTCTRCAT CCCARCACCATORARCTTTTTCACCTCTACCRCERCCATA
ARATTGATCTRCACACCATCACCATCARCTTTTTCACCTCTACCTA----- -
ARATTGATCTRCACACCARCACCACOCARCTTTTTCACCTCTOCARAA- -+ -
ARATTOOTCTOCGCACCANCACCATGCARCTTTTTCACCTCTLCTAA------
ARATTOOTCTOCGCACCARCACCATACARCCTTTTCACCTCTLCTAA------
ARATTOOTCTOCGCACCARCACCATGCARCTTTTTCACCTCTGLCTAA------
ARATTGETTTRCTCACCATTACCCTOCARCGLTTTCCACTCTCCCRAA---- -
ARATTGATCTRCOCACCARCACCATRCARCTTTTTCACCTCTACC- - - - -~
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------------ CYSCSAYXAATXLTDDPSRGRNGTF55PSPSAVSPOHGAHLSLRGLPY
-MPWELLLPLDSNRDVLCFRNRSASQGRPYSGPLATFSTPSPSAVSSVCGGQLCLCGLPF
---RLCCQTDPALDVLXSSPVGAKSRORPFSGPLATLSSPSPSAVSTDHGAHLSLRGLRY
-AARLCCQOLDPARDVLCLRPVGAKSRGRPFSGPLETLSSPSPSAVSTDHGAHLSLAGLRY
MAARLCCQLDPARDVLCLRPVGAESCGRPFSGSLATLSSPSPSAVPTOHGAHLSLRGLPY
--AGRLCQLDPARDVLCLRPVGAESRGRPFSGPLATLSSPSPSAVSTDHGAHLSLXGLRY
MADRLCRLQDPARDVLCLRPVGDK SRGRPYSGPLATLSSPSPSAVSTDHGAHLSLRGLPY
MGSRLCAHMEXARDVLCLRPVGAESHGRPYSGPLGTLSSPSPSAVSTOHGAHLSLRGLPY
----NWCFLVALRDFFCCVQGRDKSRGRPYSGPLETLSSPSPSAVSTDHGAHLSLAGLRY
-VIFCYVCLSGRROVLCLRPFRANPSGPPYSGPLGTLSSPSPSAVSTDHGAHLSLRGLRY
WLLGWVTHWILRGTSFVYVPPALNPADDPTSGPLGTLSSPSPSAVSTOHGAHLSLAGLPY
-MATHRFLLRLSFAPTFVRPXGAQSHGRPYSLPIGTLSSPSPSAVPPELGAHLSLC- LRV
--(QCKFFLPLPKRHLFCLRPVCAFSRGPPYSGALGTLSSLSPSAVSTDHGGHLSLPGLRY
-TARVRCTVDPAPXFLSFRPVALNQRTIFLGGAX- - DSLPPLSKCPSDHREAHLSRXLAV

3 L] 3 [ :.:cll

CAFSSAGPCALRFTSARRMETTVNAHQLOPKVLHKRTLELSVMSTTOLEAYFKD-CLFKQ
(AFS5AGPCALRFTSACRMETTVNAHQILPKVLHKRTLGLSVMSTTOLEAYFKD-CLFKD
CAFSSAGPCALRFTSARRMETTVNAHQF LPEVLHKRTLGLSVMSTTDLXAYFKD-CXFKD
(AFS5AGPCALRF TSARRMETTVNAHQF LPKVLHKRTLGLSVMSTTOLEAYFKD-CLFKD
(AFSSAGPCALRFTSARRMETTVNAHQILPKVLHKRTLGLSAMSTTOLEAYFKD-CLFKD
(AFS5AGPCALPFTSARRMETTVNPHQF LPKVLHERTLGLSVMSPTOLEAYFKD-CLFKD
(AFS5AGPCALRFTSARRMETTVNAHQF LPKVLHKRTLGLSVMSTTOLEAYFKD-CLFKD
CAFSSAGPCALRFTSARRMETTVNAHQF LPEVLHKRTLGLSVMSTTOLEAYFKD-CLFKD
(AF55AGPCALRFTSARPMETTVNAHQF LPKVLHKRTLGLSVMSTTOLEAYFKD-CLFKD
CAFSSAGPCALRFTSARRMETTVNAHQF LPEVLIRRTLGLSVMSTTDLEAYFKD-CLFKD
(AFS5AGPCALRFTSARRMETTVNAHQF LPKVLHKRTLGLSVMSTTOLEAYFKD-CLFKD
(AFSSPGPCALRFLSARRMDTTENAHQF LPKVLLNRTLGLSVMSTTOLEAYFQD-CLFKD
CAFSSAGPCALPFTSACLMETSVIPTNSLPRVSHKRTLGLSVMSSTOL -AYFND-CLLRT
WAFS5VGPCAVRF XSARLRETAVNPHLLY-KVLOKRTLGLSVMSVNDVDAFLKTVCSMTD
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WEEGAGGKKCS IGDGNVGSENENPKT - -----------
WEELGDQVRFMVLELVCXFLLVHQXAXR----------
-EELGEEIRLKVFVLGGCRHKLVCAPSPCNFFTSA---
WEELGEEIRLKVFVLGGCRHKLVCAPXPCNFFTSA-- -
WEELGEEIRLKVFVLGGCRHKLVCAPAPCNFFTSA-- -
WEELGEEIRLKAFVLGGCRXKLVCVPAPKNFFTSARAY
WEELGEEIRLKVFVLGGCTHKLVCAPAPRNFFTSAK- -
WEELGEEIRLKVFVLGGCKHKLVCAPAPCNFFTSA-- -
WEELAEEIRLEVFVLGGCRHKLVCAPAPCNFFTSA---
WEELGEEIRLKVFVLRGCRHKLVCAPAPCNLFTSA-- -
WEELGEEIRLKVFVLGSCRHKLVCTPAPCNFFTSA-- -
WEELGEEIRLQVSLLGGFIY------------------
GOQLGEEILKVLELAIGY--------------------
WRWGRRLDXRXFYEAGGINWFARHYPATLSTLP---- -
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