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1. INTRODUCTION 

1.1. Hepatitis B virus 

1.1.1. Epidemiology  

Despite 40 years of the implementation of hepatitis B vaccine (McAleer et al., 1984, 

Komatsu, 2014), hepatitis B virus (HBV) infection continues to be a global health 

problem. It accounts for approximately 257 million cases and causes more than 

800,000 deaths annually (WHO, 2018a). In addition, poor vaccination coverage (Ott 

et al., 2012, Zoulim and Durantel, 2015) and population migration (Kowdley et al., 

2012, MacLachlan et al., 2013) have led to an increased incidence of HBV in many 

geographical regions (Figure 1). Large parts of South-East Asia, Sub-Saharan Africa, 

and distinct regions in Amazon basin report high rates of HBV infection, with HBV 

prevalence greater than 8%, and are classified as HBV endemic regions (Liaw and 

Chu, 2009, Ott et al., 2012, Schweitzer et al., 2015). In contrast, among economically 

developed countries such as the United States, Canada and Australia, low prevalence 

(<2%) is documented. The prevalence of HBV infections in few East European 

countries and among Americas range between 2% and 7% (Liaw and Chu, 2009, Lok 

and McMahon, 2007) with moderate endemicity. Vietnam, a country located in South-

East Asia reports on high HBV prevalence, ranging between 10-20% in the population 

(Nguyen, 2012, WHO, 2018a). 

Currently, 10 HBV genotypes have been identified and are distinctly distributed 

geographically (Tran et al., 2008, Tatematsu et al., 2009, Velkov et al., 2018). They 

include HBV genotypes A to J. Classification of HBV genotypes is based on nucleotide 

divergence > 7.5% among HBV isolates. In addition, analogues of a given HBV 

genotype can further be classified based on sub-genotypes. The classification is 
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based on HBV nucleotide sequence diversity which varies between 4% and 7.5% 

(Tatematsu et al., 2009, Norder et al., 2004). The geographical distribution of HBV 

genotypes differ over regions (Velkov et al., 2018) with HBV genotype A observed 

commonly in most European countries, North America, Caribbean, and in 

Madagascar. The HBV genotypes B and C are observed in Asia, the United Kingdom, 

Denmark, and Australia (Velkov et al., 2018, Liu C-J, 2005, Schaefer, 2007a), 

genotype D predominant in Africa, parts of Europe, and Northern America (Velkov et 

al., 2018, Schaefer, 2007a, Sunbul, 2014), genotype E mostly in Sub-Saharan Africa 

and HBV genotype F in Latin American countries (Arauz-Ruiz et al., 1997, Velkov et 

al., 2018). HBV genotype G and H were identified in Mexico (Velkov et al., 2018). HBV 

genotypes I and J were only identified in Japan (Tatematsu et al., 2009). 

 

Figure 1: Global rate of HBV chronicity. Adopted with permission from (MacLachlan 

and Cowie, 2015) 
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1.1.2. Transmission and prevention 

HBV is transmitted by exposure of the infected blood or blood particles and by body 

fluids (Lok and McMahon, 2007, WHO, 2018a). Transmission mostly occurs from 

mother-to-child (vertical transmission) and also by unprotected sex (WHO, 2018a, Lok 

and McMahon, 2007, Prevention, 2018). Other modes of HBV transmission include 

transfusion of blood and blood products, unsafe medical practices, tattooing, and also 

by acupuncture therapy (Lok and McMahon, 2007). Although HBV can be transmitted 

through breast milk, tears, and urine, there is limited evidence supporting this mode of 

transmission (Zheng et al., 2011, Prevention, 2018). 

 

HBV transmission control relies on deployment of efficient universal vaccination 

program and safe blood transfusion practices (Chang, 2006, WHO, 2018a). 

Vaccination programs contribute significantly towards reduction of HBV transmission. 

The mammalian cell-derived recombinant vaccine, second-generation HBV vaccine 

(Meireles et al., 2015), was adopted into immunization programs globally since 1986 

(Perez, 2007, Komatsu, 2014). The vaccination regimen entails three to four shots of 

hepatitis B immunization with an efficacy achieved between 70-80% in at least 20 

years (Beasley, 2009, Komatsu, 2014, WHO, 2018a). Combining the hepatitis B 

vaccine with hepatitis B immunoglobulin booster, the efficacy of hepatitis B vaccine is 

up to 95%, particularly against perinatal transmission (Komatsu, 2014, Beasley, 2009). 

WHO recommends this vaccine formulation for neonates within 24 hours after birth 

(WHO, 2018a).  
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1.1.3. HBV genome 

Human HBV is a member of the Hepadnaviridae family (Schaefer, 2007b) and has a 

genome that is approximately 3200 nucleotides long. The genome consists of a 

relaxed circular partially double-stranded DNA and surfaced proteins. To date, four 

open reading frames (ORF), have been identified in the HBV genome, namely the 

preS/S, Precore/core, X and Pol (Pollicino et al., 2014, Chen, 2018) (Figure 2). 

 

Figure 2: Schematic illustration of the HBV genome. The four main open reading 

frames (OFRs): preS/S, Precore/core (preC/C), X and Pol are annotated in the 

structure of the genome. The relaxed-circular DNA genome includes a complete minus 

strand and a typical incomplete plus strand. The minus (-) and plus (+) DNA strands 

are marked. Adopted from (Chen, 2018). 
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The PreS/S gene codes for HBV envelope proteins, as called HBV surface proteins 

(HbsAg). Based on three alternative location, the ORF is translated to three distinct 

protein domains. These include preS1 (can be either 108 or 119 amino acids long 

based on the genotype), preS2 (55 amino acids) and S (226 amino acids) (Schadler 

and Hildt, 2009, Chen, 2018). Depending on the ORF or the combinations ORFs being 

expressed, three different HBV envelope proteins are synthesized; the independent S 

domain also known as the small-HBV surface antigen (S-HBsAg) that contain only the 

S-protein domain, the middle-HBV envelope (M-HBsAg; comprises preS2 and S 

envelope protein domains), and the large- HBV envelope (L-HBsAg) which comprises 

the three HBV envelope protein domains (Chen, 2018, Schadler and Hildt, 2009, 

Pollicino et al., 2014). Of these, current diagnostic tools and HBV vaccines target the 

surface antigen HBsAg (Meireles et al., 2015, Song and Kim, 2016). The core protein 

(HBcAg) is encoded by preC/C gene and consist of HBV nucleocapsid with either 183 

or 185 amino acids. This protein has two parts: N-terminal containing 149 or 151 amino 

acid, depending on the genotype, followed by C-terminal containing 34 amino acid. 

The former promotes the initial self-assembly of capsids while the latter is essential 

for the packaging of the pregenome/HBVPol complex (Gallina et al., 1989, Zlotnick et 

al., 1997). The X gene is around 0.7 kb that code for the X protein (Hbx). The HBx is 

vital for the initiation and maintenance of HBV replication. It is also involved in the 

suppression of the host immune responses, thus preventing HBV clearance. 

Therefore, HBx is crucial in establishing chronic HBV infections (Zoulim et al., 1994, 

Keasler et al., 2007).  HBx also interacts with various cellular pathways, such as the 

transforming growth factor beta 1 pathway and Ca2+-dependent signaling pathway 

(Feitelson et al., 2014), which are associated with hepatocellular carcinoma 

development. The polymerase (P) gene accounts for approximately 80% of the HBV 
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genome. The P gene encodes for a multifunctional polymerases required during HBV 

replication (Bartenschlager et al., 1990, Fouillot et al., 1993). Due to its crucial role of 

this gene in the HBV life cycle, these polymerases serve as potential targets in 

nucleos(t)ide analogue drugs used in HBV treatment (Zhang et al., 2016, Locarnini 

and Yuen, 2010). 

 

1.1.4. Hepatitis B virus life cycle 

The life cycle of HBV (Figure 3) is initiated by the binding of HBV, via the envelope 

proteins, to the Sodium taurocholate cotransporting polypeptide (NTCP) situated on 

the surface of hepatocytes (Yan et al., 2012). Sequentially, HBV invades the 

hepatocytes by endocytosis and subsequently by the fusion of the viral envelope with 

the hepatic cell membrane. HBV is uncoated in the cytoplasm followed by the 

translocation of viral genome to the nucleus. Here, the HBV relaxed circular DNA is 

repaired and subsequently converted into a covalently closed circular DNA (cccDNA). 

The cccDNA is key for the reactivation of viral replication and the persistence of viral 

infection (Tang et al., 2018, Zoulim, 2005). As minichromosome (Bock et al., 1994, 

Bock et al., 2001), the cccDNA transcribes as different viral mRNAs. These viral 

mRNAs are subsequently exported to the cytoplasm for the synthesis of seven HBV 

proteins. The largest mRNA, pgRNA, is translated into viral polymerase. In the 

cytoplasm, the pgRNA, HBV polymerase, and core protein are packaged, forming 

progeny virus. Then, double-strand HBV DNA is created through reverse transcription 

catalyzed by RNaseH of the HBV polymerase. The resultant premature capsids are 

either recycled to the nucleus for further replication or they are assembled with the 

HBV envelope proteins to form mature viruses. The mature HBV is then released and 
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subsequently infects other hepatocytes (Tang et al., 2018, Wu et al., 1990, 

Rehermann and Nascimbeni, 2005). 

 

Figure 3: The HBV life cycle. Adopted with permission from (Morikawa et al., 2016) 

 

1.1.5 HBV Clinical progression  

The clinical progression of HBV infections has two phase, namely acute and chronic 

phase (Liang, 2009). The acute phase always occurs when a person experience HBV 

infection for the first time. After exposure, HBV-infected individuals may develop 

hepatitis syndrome after the incubation period which takes one to four months. The 

hepatitis syndrome is characterized by symptoms such as fatigue, anorexia, nausea, 

jaundice, and right upper quadrant discomfort. In addition, irregular laboratory findings 

may be observed such as elevated liver enzyme levels, high bilirubin levels and high 
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viral titers. The acute phase symptoms typically resolve after one to three months. 

Remarkably, the severity of acute phase varies with age. About 50% of children in this 

phase develop icteric hepatitis. Less than a third of adult acute infections are 

symptomatic and <1% of adults develop fulminant hepatitis (Liaw and Chu, 2009, 

Rehermann and Nascimbeni, 2005, Pan and Zhang, 2005). 

Majority of HBV acute phase cases recover completely. The unresolved cases 

progress to the HBV chronic phase (Rehermann and Nascimbeni, 2005) The quota of 

HBV chronicity decreases with age (Liaw and Chu, 2009, Tassopoulos et al., 1987). 

The clinical manifestation of chronic HBV infections can be categorized into three 

groups. These include chronic hepatitis B (CHB), HBV-related liver cirrhosis (LC), and 

hepatocellular carcinoma (HCC) (Rehermann and Nascimbeni, 2005). Generally, CHB 

stage is infectious, mostly occurring early in life and is characterized by four phases: 

immune tolerance, immune clearance, immune control, and immune escape phases 

(Tan et al., 2015, MacLachlan and Cowie, 2015). The immune-tolerant phase is 

defined by high HBV-DNA levels, presence of HBeAg with minimal liver damage with 

normal alanine aminotransferase (ALT) levels (Wu and Chang, 2015). In the immune 

clearance phase, individuals are able to control HBV replication showed by HBeAg 

negativity, but also experience hepatic damage as a result of host immune responses 

(Wu and Chang, 2015). The HBeAg seroconversion occurs frequently in adults and 

rarely occurs in infants (Terrault et al., 2016). For the CHB immune control phase, as 

known as inactive immune phase, low viremia, HBeAg negativity and low inflammation 

of the liver are observed. In the last phase, immune escape phase, the immune system 

is reactivated causing variable infectivity and recurrent liver inflammation. The 

triggering host and viral factors play an important role in the modulation and course of 
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CHB infections. Consequently, this translates to life-long risk of liver injuries including 

LC and HCC (Wu and Chang, 2015, Tan et al., 2015, MacLachlan and Cowie, 2015). 

 

1.2. Hepatitis delta virus 

1.2.1. Epidemiology 

Hepatitis delta virus (HDV) was first identified in 1977 (Rizzetto et al., 1977) and is the 

leading cause of dual-infections among HBV patients globally (WHO, 2018c, 

Noureddin and Gish, 2014), as HDV largely depends on HBsAg for their replication. 

The epidemiology of this virus varies considerably, even within a given geographical 

area (Figure 4). In Europe, HDV infections are relatively limited because of effective 

HBV control strategies (Jefferies et al., 2018). Low HDV prevalence is observed in 

some Asian countries such as Indonesia with <0.5% (Lusida et al., 2003), 5% in 

Malaysia (Tan et al., 1989), and 4% in S.Korea (S et al., 2017). However, HDV is 

largely prevalent in HBV-endemic settings. For example, the prevalence of HDV in 

Pakistan is 35% (Mumtaz et al., 2011) and 45% in Mongolia (Baatarkhuu et al., 2017). 

HDV positivity is 25% in Gabon (Groc et al., 2019), whereas it ranges from 1.3% to 

50% in other sub-Saharan African countries (Andernach et al., 2014). 

So far, eight distinct HDV genotypes have been identified and classified as HDV1 to 

HDV8 (Le Gal et al., 2006, Barros et al., 2011). The distribution of these genotype 

varies greatly (Le Gal et al., 2006, Wedemeyer and Manns, 2010, Alvarado-Mora et 

al., 2013). HDV-1 appears worldwide and is commonly found in Europe (Hughes et 

al., 2011, Wedemeyer and Manns, 2010). Furthermore, HDV-1 is associated with 

severe and mild cases of liver diseases. HDV-2 is mainly found in East Asia where it 

causes mild liver failure (Pascarella and Negro, 2011). For HDV-3, it mostly occurs in 
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South America and has been linked to severe hepatitis epidemics (Alvarado-Mora et 

al., 2011). HDV-4 occurs mainly in Japan and Taiwan where it is associated with mild 

liver disease (Lin et al., 2015). The epidemiology of HDV genotypes 5 to 8 is still 

unclear due to lack of data. Nevertheless, data presently available show that these 

genotypes occur in originally among distinct ethnicities among African populations 

(Hughes et al., 2011, Le Gal et al., 2006, Pascarella and Negro, 2011). 

 

Figure 4: Geographic data of HDV genotypes. Adopted from (Rizzetto, 2015). 

There are conflicting reports on the epidemiology HDV infection in Vietnam. This is 

because that high HBV burden may also relate to high HDV incidence (WHO, 2018b, 

Nguyen, 2012), low rate of HDV was reported in several regions of Vietnam (Hall et 

al., 2015). Over 15% HDV-RNA positivity was reported in 2013 among HBV patients 

from northern Vietnam that recruited in a period spanning over ten years ago (Sy et 

al., 2013). Another study conducted in central Vietnam in 2015 reported a 10% HDV-

RNA positivity among HBV patients (Nguyen et al., 2017). Interestingly, cases of HDV 

infections in different regions is attributed by distinct HDV genotype distribution. HDV1 
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is predominant in northern Vietnam (90%) whereas it is infrequently detected (20%) in 

the central region (Nguyen et al., 2017, Sy et al., 2013). 

 

1.2.2. HDV Transmission and prevention 

HDV is transmitted through the exposure to infected human body fluids (WHO, 2018c). 

A successful transmission can be achieved even with a very low amount of HDV 

(Ponzetto et al., 1987). As a result, percutaneous contacts can easily transmit HDV. 

Unprotected sexual intercourse is another mode of HDV transmission (Wu et al., 1995, 

Osiowy et al., 2017, Rosenblum et al., 1992). It is worth noting that vertical HDV 

transmission is rare unlike HBV (WHO, 2018c). The control of HDV transmission is 

tightly tied to HBV vaccination programs since prevention of HBV transmission 

decreases the risk of HDV infection (WHO, 2018c). This is because of the HDV 

dependency on HBV for transmission. The HBV vaccine has been shown to highly 

effective in averting HDV transmission (Alfaiate et al., 2015). Currently, an effective 

HDV vaccine is not available yet. However, the prevention of HBV transmission 

contributes to decreasing risk of HDV infection (WHO, 2018c).  

 

1.2.3. The structure of HDV 

HDV is a small, circular RNA virus of ~36 nm in diameter (Figure 5). The outer region 

of HDV contains three HBV proteins referred to as small, medium and large hepatitis 

B surface antigen (HBsAg) (Hughes et al., 2011). These proteins are essential for 

HDV’s invasion of hepatocytes (Sureau and Negro, 2016). In addition, the outer coat 

of HDV contains host lipids (Hughes et al., 2011). The HBV surface proteins share a 

common C-terminus in the S domain (Urban et al., 2014). In contrast with HBV which 
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relies on L-HBsAg for assembly and infectivity, HDV assembly is facilitated by the S-

HBsAg alone. The absence of L-HBsAg in the outer coat renders HDV to be non-

infectious (Sureau et al., 1993, Gudima et al., 2007). 

 

 

 

Figure 5: HDV organization. (A) An infectious HDV particle that coats with the large, 

medium, and small HBV envelop proteins. (B) A non-infectious HDV particle that 

contains only the small HBV surface protein in its envelope. L-HBsAg, the large HBV 

envelop protein; M-HBsAg, the medium HBV envelop protein, S-HBsAg, the small 

HBV envelop protein; L-HDAg, the large HDV antigen; S-HDAg, the small HDV 

antigen. Adopted with permission from (Urban et al., 2014). 

 

The inner part of HDV is comprised of an inner nucleocapsid that is composed of small 

and large hepatitis delta antigens (HDAg) and a 1679 nucleotide long single-stranded 

circular RNA (ssRNA). The HDV antigen proteins are synthesized from a linear HDV 

mRNA. Two HDAg isoforms are translated from the same ORF, namely small HDV 

antigen (S-HDAg, 24 kDa) and large HDV antigen (L-HDAg, 27 kDa). S-HDAg 

containing 195 amino acids can be translated directly from the first round of HDV 
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genome transcription whereas L-HDAg is produced as a result of RNA modification 

which leads to the production of a protein with an additional 19-20 amino acids (Zheng 

et al., 1992, Casey, 2012). They play distinct roles among the HDV life cycle. S-HDAg 

is necessary for HDV replication (Yamaguchi et al., 2001, Taylor, 2006). The extra 

amino acids of L-HDAg signal viral assembly and nuclear export, and serves as a 

prenylation site (Lee et al., 2001). Therefore, L-HDAg inhibits HDV-RNA synthesis, 

and promote the HDV assembly (Yamaguchi et al., 2001, Taylor, 2006, Hughes et al., 

2011). 

 

1.2.4. Hepatitis D virus life cycle 

The life cycle of HDV (Figure 6) begins when the L-HBsAg of the virus binds to the 

human NTCP receptor. The human NTCP is a hepatocyte-specific membrane receptor 

for HDV as well as HBV (Yan et al., 2012). After HDV enters the hepatocyte, it is 

uncoated in the cytoplasm. Next, following shipment of nucleocapsid to the nucleus, 

the replication of HDV genome and S-HDAg-mediated transcription occurs (Chou et 

al., 1998). Replication of the HDV genome depends entirely on host-cell transcriptional 

machinery, particularly RNA polymerase I and II. This because HDV lacks RNA-

dependent RNA polymerase and does not exploit the polymerase of its helper virus 

(Lai, 2005, Huang et al., 2008). RNA polymerase I is involved in the transcription, while 

polymerase II catalyzes the HDV genome replication from the antigenome and 

transcription of mRNA in the nucleoplasm (Huang et al., 2008). 
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Figure 6: HDV life cycle. Adopted with permission from (Hughes et al., 2011) 

 

Replication of HDV starts when the genomic RNA is transcribed into unmodified 

mRNA and antigenomic RNA. The mRNA is then translocated to the endoplasmic 

reticulum (ER). Here, it is translated into the S-HDAg. At the same time, in the 

nucleosome, an antigenomic RNA is synthesized from the genomic RNA via a 

transcriptional process of complementary RNA template. Consequently, it self-cleaves 

into monomers by intrinsic ribozymes. The individual monomers ligate to form circular 

genomic and antigenomic molecules. Ligation of the monomers is mediated by the 

host-cell ligases (Abbas and Afzal, 2013). The production of new genomic RNA from 

the circular antigenome marks the end of HDV replication cycle. The new genomic 

RNA under editing of ADAR1 translates to a modified mRNA coding for L-HDAg 

(Alfaiate et al., 2015). The newly formed genomic RNA molecules can stay in the 

nucleus to enroll new rounds of replication; or be exported to the cytoplasm to 

participate the viral assembly (Macnaughton and Lai, 2002). The two viral proteins are 
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subsequently imported into the nucleus to activate viral replication and combine with 

the HDV genomic RNA to form the HDV nucleocapsid (Abbas and Afzal, 2013) 

The final steps of HDV life cycle, viral assembly and release, are dependent on HBsAg 

availability. The HDV nucleocapsid is enveloped with HBV surface envelope proteins 

in the Golgi. HDV assembly involves the interaction between the C-terminal sequence 

of L-HDAg mediates and the S region of HBsAg (Hwang and Lai, 1993). At this point, 

HDV progenies are released from the host cells and initiate another life cycle. 

 

1.2.5. HDV clinical course 

The incubation period for HDV takes one to two months, followed by an acute phase. 

This phase of HDV infection is characterized by fatigue, lethargy, digestive symptoms, 

and abnormal elevation of liver enzymes. The icteric form of HDV is rarely observed. 

It is worth noting that both HDV and HBV symptoms are clinically indistinguishable. 

HDAg is produced shortly after infection and it is short-lived. Anti-HDV IgMs are 

generated early in the acute phase whereas low levels of anti -HDV IgG are produced 

late in the acute phase. Currently, HDV viremia is estimated by RT-PCR detection of 

HDV RNA in serum (Negro, 2014, Grabowski and Wedemeyer, 2010, Romeo and 

Perbellini, 2015).  

Chronic HDV infections are associated with asymptomatic cases, rapidly progressive 

hepatitis and prolonged persistence of abnormal liver enzymes levels. Since it is 

difficult to detect HDAg during chronic HDV infections, RT-PCR detection of HDV RNA 

in serum has been developed with enough sensitivity. The major limitation of this 

methodology is that some patients have low viral titers (Negro, 2014, Grabowski and 

Wedemeyer, 2010, Romeo and Perbellini, 2015).  
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The course of HDV disease varies tremendously depending on the complexity and 

infection period (Wedemeyer and Manns, 2010, Negro, 2014, Romeo and Perbellini, 

2015). There are two forms of HDV infections, namely the coinfections and 

superinfections. HDV coinfection occurs when an individual acquires concurrent HBV 

and HDV infections, whereas the HDV superinfection refers to HDV infection that 

occurs among persons with an already established HBV chronic infection (Negro, 

2014). The former induces fulminant hepatitis and 95% of these cases clear the 

infection. In contrast, ninety percent of the latter cases become chronic. The 

superinfections have a more severe course of liver disease than HBV mono-infections. 

(Negro, 2014, Grabowski and Wedemeyer, 2010, Romeo and Perbellini, 2015). 

Chronic HDV infection usually exacerbates preexisting HBV-related liver diseases 

(Smedile et al., 1981). 

 

1.2.6. HDV treatment  

Although the establishment HDV infection is dependent on the presence of HBV 

infections, the existence of HDV in hepatocytes is not completely dependent on HBV 

transcription machinery. HDV also lacks genes encoding enzymes involved in its 

replication (Rizzetto, 2018, Botelho-Souza et al., 2017). As a result, the anti-HBV 

drugs - the nucleoside/ nucleotide analogues, as called HBV polymerase inhibitors, 

including lamivudine, adefovir, and entecavir have a short-term antiviral effect on HDV 

infections and cannot halt HDV replication (Wedemeyer et al., 1999, Yurdaydin et al., 

2002, Niro et al., 2005a, Kabacam et al., 2012). Interferon-alpha is the only 

recommended treatment for HDV infections currently (Heidrich et al., 2014), despite 

having an average viral response rate of 25% (Niro et al., 2005b). Current efforts in 
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HDV drug development aim at disrupting critical steps of the life cycle as illustrated in 

Figure 7 

 

Figure 7: New therapeutic strategies against HDV. Adopted with permission from 

(Petersen et al., 2016). 

 

Blocking HDV entry into hepatocytes (A); The strategy is to inhibit the binding of HBV 

envelope proteins to NTCP entry. As a result, HBV and HDV may not infect the 

hepatocytes. Representative of this group are Myrcludex-B and Cyclosporin A that 

were demonstrated to prevent importation of HDV into cells (Urban et al., 2014). 

Disruption of HDV assembly (B); The initial HDV assembly is the prenylation (covalent 

addition of prenyl lipids to proteins) of L-HDAg by a host cellular farnesyl transferase. 

Consequently, the prenylated L-HDAg interacts with the HBsAg for virion 

morphogenesis (Glenn et al., 1992). Lonafarnib, a prototype inhibitor of 
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farnesyltransferase, may disrupt the assembly of HDV (Glenn, 2006, Rizzetto, 2018). 

Inhibition of HBsAg release(C); Nucleic acid polymers (NAPs; phosphorothioate 

oligonucleotides) bind to amphipathic proteins on the viral surface, leading to the 

destruction of viral adsorption on the cell surface. NAPs also successfully block entry 

of a few RNA viruses e.g. HIV, and hepatitis C virus (Noordeen et al., 2013). Moreover, 

NAPs have recently been demonstrated to have an effect against HBV (Guillot et al., 

2017, Noordeen et al., 2013). Thus, NAPs could be a potential anti-HDV treatment. 

Combination of NAP-REP-2139 and Peg IFN has been reported to be auspicious 

treatment for HDV (Bazinet et al., 2017). 

 

1.3. Viral and host genetic factors and HBV/HDV related liver diseases 

In general, clinical manifestations of chronic liver diseases include CHB, LC, and liver 

cancer (Fattovich, 2003, McMahon, 2009, Liaw and Chu, 2009). Liver cancer has been 

on top of general cancer incidence with about 800,000 new cases annually. It 

additionally has caused near 800,000 deaths every year, and ranks fourth in terms of 

fatalities in 2018 (Bray et al., 2018). Approximately 80% of primary neoplasm of the 

liver cases are identified as HCC. The leading causes of HCC are chronic HBV and 

HCV infections and alcohol intake (Bray et al., 2018). With approximately 8.6 million 

infected people (10-20% of the general population), Vietnam is still one of countries 

with high rates of HBV infection (Nguyen, 2012, WHO, 2018b), incidences and 

mortality. HCC accounted for >25,000 cases reported in 2018 in Vietnam (Bray et al., 

2018, GLOBOCAN, 2018). 
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Development of HBV chronic liver diseases usually take a very long time, even more 

than 20 years. During this progression, liver diseases are under the influence of not 

only viral genetic factors but also the host genetic factors (Figure 8).  

 

Figure 8: Interaction of viral and host genetic factors impacts the progression 

of liver diseases related to HBV infection. Adopted and modified with permission 

from (Tong et al., 2014) 

 

1.3.1. Viral factors 

HBV infection as such lead to the development of liver diseases. Most acute HBV 

infections are self-limited. In contrast, chronic infections usually lead to persistent 

hepatic damage which induce CHB, LC, and HCC (Fattovich, 2003, McMahon, 2009, 

Liaw and Chu, 2009). After a five-year window, approx. 10 to 20% of CHB patients 

have an increased risk of LC development (Liu and Fan, 2007). Remarkably, HBV is 

one of the main pathogen causing HCC (Nguyen, 2012). A HBV patient has 40 fold 

increased chance of acquiring HCC compared to a non-HBV individual (Lee et al., 
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2013). The integration of HBV-related circular DNA into the host genome is the basis 

of indefinite persistence of HBV infection (Tang et al., 2018, Zoulim, 2005). Integration 

of HBV into the host genome occurs in the early phase of HBV infection. Up to 90% of 

HCC patients have HBV genome integrated into their genome (Bonilla Guerrero and 

Roberts, 2005, Neuveut et al., 2010, Pollicino et al., 2011, Sung et al., 2012). The 

cellular topoisomerase-1, has DNA endonuclease and strand transferase activities 

and is vital for HBV genome integration and viral double-stranded liner DNA importing 

into the damaged host genome of breakpoints or instabilities (Tokino and Matsubara, 

1991). Therefore, increased double-strand breaks increases DNA replication and 

damage, thus increasing the chance for HBV DNA being integrated to the host 

genome (Bonilla Guerrero and Roberts, 2005, Tong et al., 2014). Recently, HBV 

integration breakpoints were reported more frequently in HCC tumor tissues compared 

to adjacent healthy liver tissues (Sung et al., 2012). The complex integration of host-

viral genetic factors is believed to induce the progression of liver diseases. The 

persistence inflammation of the liver from HBV infection and the integration of viral-

host genome contribute to the progression, in particular to LC and HCC.  Studies have 

shown that many somatic mutations induce hepatocarcinogenesis and were observed 

in high frequencies among HCC tissues than in non-tumors (Huang et al., 2012, Chen 

et al., 2013a, Chen et al., 2013b, Kan et al., 2013) using whole-genome sequencing 

and next-generation sequencing methodologies. Mutagenesis caused by HBV 

integration leads to structural and functional alterations of gene expression and 

hepatocyte transformation, thus promoting hepatocarcinogenesis. 

Chronic HDV infection has been linked to the worsening of HBV-related liver diseases; 

frequent LC and increased risk of HCC development (Figure 9). HDV/HBV coinfections 

have been shown to promote rapid LC development in up to 90% of cases due to 
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increased liver damage (Smedile et al., 1982). Cirrhotic patients account for 15% of 

chronic HDV after 1-2 years and 70-80% within 5-10 years of infection (Negro, 2014). 

The European Concerted Action on Viral Hepatitis reported that HDV/HBV cirrhotic 

patients have up to 18% of hepatic decompensation in their observation with median 

6.6 years. They further indicated that the coinfected LC patients experience a triple 

risk of HCC and double mortality compared to the HBV monoinfected (Fattovich et al., 

2000). Romeo et al. reported that newly diagnosed HCC among co-infected individuals 

is 2.8% per year, whereas nearly 60% of deaths are caused by liver failure (Romeo et 

al., 2009). The mechanism of how HDV drives HCC remains to be elucidated. 

Nevertheless, HCC development during HDV infection has been suggested to be due 

to severe inflammation and necrosis, that induce oxidative stress and/or activate a few 

oncogenic pathways (Wedemeyer and Manns, 2010). 

 

Figure 9: Cirrhotic incidence and mortality among HBV/HDV coinfection 

patients. Adopted with permission from (Fattovich et al., 1987, Calle Serrano et al., 

2011) 
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1.3.2 Host factors 

Host genetic factors also play an important role in the course of HBV infection. They 

are believed to effect on both viral infections and the hepatic diseases. This 

exemplifies the high and low occurrence of HBV chronic infection among infants 

infected at the birth and adults with HBV acute infection (Liaw and Chu, 2009, 

Tassopoulos et al., 1987). In addition, twin studies demonstrated the important 

contribution of host genetic factor to the HBV infections. They reported the significant 

differences in rate of HBV infections, patterns of HBV clinical outcome and response 

to HBV vaccine among monozygotic, dizygotic twins and controls (Lin et al., 1989, 

Hohler et al., 2002, Xu et al., 2004).Therefore, numerous genetic risks could thus 

modulate the progression of liver diseases related to HBV. 

 

1.3.2.1 Sodium taurocholate co-transporting polypeptide  

The solute carrier family 10, member 1 gene (SLC10A1) on chromosome 14 encodes 

the human sodium taurocholate co-transporting polypeptide (NTCP). SLC10A1 

expression results to a 349 amino acid glycosylated phosphoprotein (Doring et al., 

2012). NTCP act as the main co-transporter for sodium and taurocholate across the 

membrane of hepatocytes. The non-synonymous R252H of NTCP gene (NTCP) are 

associated with reduced hepatocyte uptake of bile salts in NTCP (Vaz et al., 2015).  

NTCP is an important and specific receptor for HBV/HDV hepatocyte invasion (Yan et 

al., 2012, Ni et al., 2014). This receptor interacts with HBsAg on the surface of the 

viruses. In particular, the preS1 domain of HBsAg is responsible for the recognition of 

the NTCP receptor (Le Seyec et al., 1999). Amino acids 2-48 of preS1 interact 

explicitly with NTCP, whereas amino acids 49-75 are required for hepatocyte invasion 

(Urban et al., 2014). On the other hand, amino acid residues 157-165 and amino acids 
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84-87 of NTCP are important for the interaction and infection of HBV and HDV (Yan 

et al., 2013).Since both HBV and HDV share HBV envelope proteins, it is therefore 

believed that HBV and HDV share a common utilize the same mechanism to invade 

hepatocytes via NTCP (Hughes et al., 2011, Yan et al., 2012, Yan et al., 2013, Ni et 

al., 2014, Yan et al., 2014). 

Genetic variations of the NTCP gene may alter the structure of the protein as well as 

the, function of the protein. The prevalence of NTCP single nucleotide polymorphisms 

(SNPs) generally depends on ethnicity (Ho et al., 2004, Pan et al., 2011). For example, 

the SNP I223T (c.668 T>C) occurs in 5.5% of African Americans whereas S267F 

(c.800 C>T) and I279T (c.836 T>C) are Asian-specific SNPs with a frequency of 7.5% 

and 0.5%, respectively. Recently, some of these SNPs were reported to reduce NTCP 

efficiency in the uptake of bile acids efficiency (Ho et al., 2004, Choi et al., 2011). For 

example, S267F (rs2296651) has been shown to significantly reduce uptake of bile 

acids is caused by; phenylalanine replaces serine at position 267 of NTCP (Ho et al., 

2004). Based on these findings of alternative proteins, NTCP S267F has been 

hypothesized as a potential genetic factor that could possibly influence HBV and HDV 

infection. Previous studies indicate that the NTCP S267F variant is associated with 

the restraint of both infected HBV and the progression of HBV hepatic diseases (Peng 

et al., 2015, Hu et al., 2016, Lee et al., 2017, Wu et al., 2018, Wang et al., 2017). 

Importantly, data on whether NTCP S267F correlates with susceptibility or resistance 

to HDV infection is still limited. 

 

1. 3.2. 2 The SET and MYND domain-containing protein3 
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Methylation of histone proteins is an established mechanism for development multiple 

types of cancers, including HCC (Ma et al., 2014, McCabe et al., 2017). Methylation 

of lysine residues in histone proteins can lead to the regulation of various cellular 

processes such as chromatin remodeling, transcription, and signal transduction 

(Spellmon et al., 2015). Among them, the SET and MYND domain-containing protein3 

(SMYD3) are potential carcinogenic factors. 

SMYD3 acts mainly as a histone lysine methyltransferase (Taylor, 2006). It has been 

extensively associated with various kinds of cancers (Huang and Xu, 2017). In 

particular, SMYD3 methylases H3K4 and H4K5 histone in a process catalyzed by heat 

shock protein 90α (HSP90), that activates transcriptional tumorgenesis, (Kunizaki et 

al., 2007, Zou et al., 2009) SMYD3 upregulation also induces abnormal cell 

proliferation, an indication of SMYD3 involvement in carcinogenesis (Hamamoto et al., 

2004, Luo et al., 2009, Liu et al., 2015). Several studies have reported SMYD3 

upregulation in HCC, human colorectal cancer, breast cancers, and lung cancer 

(Hamamoto et al., 2004, Hamamoto et al., 2006, Mazur et al., 2014). 

The upregulation of SMYD3 may also arise from other cellular processes. In-vitro 

experiments using HepG2 cell line have shown that overexpression of SMYD3 may 

be driven by SMYD3 interaction with HBx protein (Yang et al., 2009) and in turn induce 

overexpression of activator protein 1 (AP1). Also, high levels of AP1 increases the risk 

of HCC development (Guo et al., 2005, Hayashi et al., 2016). Changes in the variable 

number of tandem repeats (VNTR; CCGCC) of SMYD3 promoter have also been 

associated with some human cancers (Tsuge et al., 2005). An identified putative E2F-

1-binding element (5’-CCGCC/G-3’) was shown to induce SMYD3 expression by 

transcriptional activation. A three-repeat of CCGCC motif promotes SMYD3 binding 

affinity to E2F-1, thus leads to enhance the transactivation of SMYD3 in cancer cells 
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compared to the two repeats (Tsuge et al., 2005). As a result, cancer progression may 

be promoted by activating the transcription of multiple oncogenes such as Myc, 

STAT3, and β-cat (Tsuge et al., 2005, Liu et al., 2015, Sarris et al., 2016). In colorectal 

cancer, HCC or breast cancer patients, SMYD3 genotype 3/3 was found to be frequent 

than others SMYD3 genotypes (Tsuge et al., 2005, Wang et al., 2008, Liu et al., 2016). 

Particularly in liver diseases, approximately three fold high risk of HCC was associated 

with the SMYD3 VNTR genotype 3/3 in Asian populations (Tsuge et al., 2005, Li et al., 

2018). 

 

2. SCOPE AND SPECIFIC OBJECTIVE 

This thesis is structured as three chapters. The chapter one aims to assess the 

prevalence of HDV infection and molecular genotypes distributions in Vietnam. The 

chapter two aimed to perform a genetic association study on the role of the NTCP 

S267F variant in HBV and HBV/HDV infections. The third chapter aimed to investigate 

the association of VNTR polymorphisms in the promoter region of SMYD3 and SMYD3 

expression with HBV infection. In particular, this doctoral dissertation investigated 

three specific objectives:  

1. To assess the prevalence of HDV infection and possible changes in genotype 

distributions over the last decade in the northern Vietnam. In addition, I assessed 

effects of HDV/HBV coinfections on the clinical staging of HBV-related liver diseases. 

2. To determine potential associations of the NTCP S267F variant (rs2296651, 

c.800C>T) with HBV and HBV plus concomitant HDV infection as well as with the 

progression of related liver diseases. 
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3. To investigate the association of VNTR polymorphisms in the promoter region of 

SMYD3 and SMYD3 expression with HBV infection and clinical progression of HBV-

related liver diseases, in particular progression to HCC. 
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3. RESULTS  

3.1 Chapter 1: HDV infection rates in northern Vietnam  
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HDV infection rates in northern 
Vietnam
Mai Thanh Binh1,2,3, Nghiem Xuan Hoan1,2,3, Hoang Van Tong1,2,4, Dao Phuong Giang2,3, 
Bui Tien Sy2,3, Nguyen Linh Toan2,4, Le Huu Song2,3, Mai Hong Bang3, Heiner Wedemeyer6, 
Christian G. Meyer1,2,7, Peter G. Kremsner1, C.-Thomas Bock5 & Thirumalaisamy P. Velavan1,2,7

Hepatitis D caused by the hepatitis delta virus (HDV) is a serious health problem in many regions of the 
world. A total of 546 HBV-infected patients were enrolled from 2013 to 2015 and classified clinically 
into the subgroups of chronic hepatitis B (CHB, n = 191), liver cirrhosis (LC, n = 147) and hepatocellular 
carcinoma (HCC, n = 208). The patients were screened for HDV-RNA by nested PCR assays. HDV 
genotypes were assessed by direct sequencing, followed by phylogenetic analysis. HDV-RNA was 
identified in 13% (71/546) of HBV-infected patients. The highest HDV prevalence was found in the LC 
group (19.7%), followed by the HCC (12%) and CHB (8.9%) groups (P = 0.017). HDV/HBV coinfections 
were significantly associated with a rather unfavourable clinical outcome, in particular with LC 
development compared to HBV monoinfection. Phylogenetic analyses indicated that the genotype 
HDV1 was, with a prevalence of 91%, by far the most common genotype in Vietnam, followed by 
HDV2 with 9%. Other HDV genotypes were not observed. In accordance with previous data obtained 
a decade ago, our results confirm a continuing high prevalence of HDV infection in hepatitis B patients 
in northern Vietnam with the HDV1 genotype still being the predominant genotype. HDV nucleic acid 
testing to minimize the associated risk should be considered.

Hepatitis delta virus (HDV), firstly identified in 19771, is a defective virus which uses hepatitis B virus (HBV) 
envelope proteins for successful infection of hepatocytes2. The HDV virion is composed of an outer coat contain-
ing HBV envelope proteins and host lipids surrounding an inner nucleocapsid that consists of small and large 
hepatitis delta antigens (HDAg) and a single-stranded circular RNA of 1679 nucleotides3. Both HBV and HDV 
use the Na+-taurocholate cotransporting polypeptide (NTCP) bile transporter to gain entry to the hepatocytes. 
HBV infections produce envelope proteins to assemble new HBV particles. HDV utilizes these envelope proteins 
for its own assembly. Given that HBV and HDV share the same envelope proteins, they enter hepatocytes by a 
similar mechanism. The viruses are transmitted to healthy individuals by concurrent infection either with HBV 
(coinfection) or by superinfection (superimposed on chronic hepatitis B). The HDV superinfection progress to 
an acute infection, leading to severe liver damage than HBV monoinfection.

HDV/HBV coinfections are a global health problem affecting 15–20 million people worldwide4,5. Although 
HDV infection usually is associated with an increased risk of liver cirrhosis (LC) and hepatocellular carcinoma 
(HCC)3, it is frequently underdiagnosed due to a lack of awareness and the unavailability of appropriate diagnos-
tic tools in hospitals of developing countries. Moreover, HDV infection is not routinely tested in clinical practice 
in many of these countries and treatment of hepatitis D infections is challenging and largely ineffective6,7.

Currently, eight HDV genotypes (HDV1–8) had been recognized with distinct geographic distributions and 
associated clinical features8–10. The HDV1 genotype occurs worldwide and is associated with both severe and 
mild clinical forms of viral hepatitis3. The HDV2 genotype is mainly found in East Asia and causes mild disease11. 
HDV3 is predominantly found in South America12, and HDV4 preferentially occurs in Japan and Taiwan13. 
Genotypes HDV5-8 were identified in indigenous African ethnic groups, however, these genotypes, their preva-
lence and clinical relevance are less well characterized3,9,11.

The HDV prevalence in HBV infected patients is commonly described as percentage of anti-HDAg positive 
individuals in HBsAg-positive patients. Prevalences vary considerably across geographical regions. While HDV 

1Institute of Tropical Medicine, University of Tübingen, Tübingen, Germany. 2Vietnamese-German Center for 
Excellence in Medical Research, Hanoi, Vietnam. 3108 Military Central Hospital, Hanoi, Vietnam. 4Vietnamese 
Military Medical University, Hanoi, Vietnam. 5Department of Infectious Diseases, Robert Koch Institute, Berlin, 
Germany. 6Department. for Gastroenterology and Hepatology Medical Center, University Hospital Essen, Essen, 
Germany. 7Faculty of Medicine, Duy Tan University, Da Nang, Vietnam. Correspondence and requests for materials 
should be addressed to T.P.V. (email: velavan@medizin.uni-tuebingen.de)

Received: 8 February 2018

Accepted: 11 May 2018

Published: xx xx xxxx

OPEN

mailto:velavan@medizin.uni-tuebingen.de


www.nature.com/scientificreports/

SCIENTIFIC RepoRTS |  (2018) 8:8047  | DOI:10.1038/s41598-018-26446-w

infections are rather rare in Europe due to largely effective HBV vaccination programs and screening of blood 
products, hepatitis D remains of concern with highest rates in low-income HBV-endemic countries with insuf-
ficient HBV vaccination coverage14. For example, high HDV seroprevalences were reported in Pakistan where 
vaccination campaigns are difficult to conduct (35.2%)15, Mongolia (67%)16, Gabon (15.6% to 70.6%)17. Recently, 
the HDV prevalence in sub-Saharan African countries was estimated to be 1.3% to 50%18.

In Vietnam, HBV infection rates range from 10% to 15% in the general population19, suggesting a high preva-
lence of HDV infection in HBsAg positive patients. Few studies only have assessed the epidemiological and clini-
cal importance of HDV infection between 2000 and 2015 in Vietnam, indicating different results in terms of HDV 
infection prevalences across regions. In particular, the distribution of HDV genotypes differed between northern 
and southern Vietnam20–23. A high predominance of 90% of the HDV1 genotype in northern Vietnam was shown 
in HBV-infected patients recruited between 2000 and 200323. In contrast, a recent study has reported that HDV2 
was the predominant genotype (80%) in southern Vietnam22. However, both studies were conducted with small 
sample sizes of HBV patients only (n < 300). In the present study, a larger group of HBV-infected patients was 
involved in order to assess the prevalence of HDV infection and possible changes in genotype distributions over 
the last decade in the northern Vietnam. In addition, we assessed effects of HDV/HBV coinfections on the clinical 
staging of HBV-related liver diseases.

Results
Baseline characteristics of chronic hepatitis B patients. The demographic characteristics of the 546 
HBV-infected study participants are summarized in Table 1. Of the 546 patients, 465 (85%) were male and 81 
(15%) were female. In our study cohort, the mean age of patients was 53 (12–86 years). Eight individuals were at 
early adolescence (12–18 years old). Among those eight infected individuals, six were experiencing CHB (≤18 
years) and one each were with LC and HCC (≤15 years). The HBV transmission was documented from mother 
to child in all those six patients among the infected eight. All eight patients were not vaccinated against HBV. As 
expected, patients in the CHB group were younger than those in LC and HCC groups (37 vs. 57 and 60 years, 
respectively). Albumin and prothrombin levels as well as platelet counts were significantly lower in the LC group 
compared to the other groups (P < 0.001) and direct and indirect bilirubin levels were higher in the LC compared 
to the CHB and HCC groups (P < 0.0001). Liver enzyme levels (AST, ALT) were significantly higher in the CHB 
group compared to the other groups (P = 0.0045 and 0.0048, respectively). AFP levels were significantly higher 
among HCC patients compared to the subgroups of CHB and LC patients (P < 0.0001).

Prevalence of HDV infection in patients with HBV-related liver diseases. HDV-RNA was detected 
in 71 (13%) among the 546 HBV-infected. Of the 71 HDV-positive patients, 66/71 (93%) were male and 5/71 
(7%) were female (P < 0.05). The prevalence of HDV infection among clinical groups is presented in Table 2. 
HDV-RNA was observed more frequently among LC (20%; 29/147) and HCC patients (12%; 25/208) compared 
to CHB patients (9% or 17/191) (P = 0.017). When LC patients were stratified according to child-pugh scores, 
HDV infections were significantly higher in patients with Child B or C compared to Child A score (P = 0.047), 
however such a significant trend could not be observed when stratified among HCC patients. These results sug-
gest HDV infection as a significant risk factor for the progression of liver disease, esp. for liver cirrhosis.

Characteristics Total (n = 546) CHB (n = 191) LC (n = 147) HCC (n = 208) P value

Age (years) 53 [12–86] 37 [12–73] 57 [15–86] 60 [15–81] <0.0001#

Male (%) 85.1 77 85 92.8 <0.0001#

Child-Pugh classification

Child A NA 60/132 153/208

Child B NA 61/132 47/208

Child C NA 11/132 8/208

Missing NA 15 0

Clinical parameters

AST (IU/L) 62.5 [14–6206] 47 [14–6206] 78 [18–1221] 58 [17–670] 0.0045‡

ALT (IU/L) 54 [8–3390] 60 [8–3390] 55 [8–1426] 48 [11–934] 0.0048‡

Total bilirubin (µmol/L) 18 [4.1–571] 16.3 [5.5–551] 31.65 [4.1–593] 17 [6–282] <0.0001‡

Direct bilirubin (µmol/L) 6 [0.4–349] 5.9 [1–349] 11.5 [0.4–350.22] 5.5 [0.4–189.39] <0.0001‡

albumin (g/L) 39 [9.8–49] 42 [9.8–48] 31 [15–47] 38 [21–49] <0.0001‡

Prothrombin (% of standard) 85 [13–269] 92.5 [17–267] 60 [13–120] 83.5 [19.6–269] <0.0001‡

PLT (×103/ml) 174 [3.7–426] 210 [65–416] 89 [3.7–325] 166 [42–426] <0.0001‡

HBV DNA (log10 copies/ml) 7.0 [2–10.3] 5.4 [2–10.3] 4.5 [2–9] 4.6 × 103 [2–9.2] 0.019‡

AFP (IU/L) 8.4 [1.06–400] 3 [1.06–400] 7.9 [1.18–400] 133 [1.38–400] <0.0001‡

Table 1. Clinical characteristics of 546 patients with chronic hepatitis B. CHB, chronic hepatitis B; LC, liver 
cirrhosis; HCC, hepatocellular carcinoma; PLT, platelets. AST and ALT, aspartate and alanine amino transferase; 
AFP, alpha-fetoprotein; IU, international unit. Values given are medians and ranges or percentile where 
appropriate. (‡) Kruskal-Wallis test. (#) Chi-square test.
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HDV/HBV coinfection and biochemical parameters. In order to analyze the influence of HDV infec-
tion on the clinical outcome in HBV-infected patients, we compared HBV-DNA loads, levels of liver enzymes 
as well as those of bilirubin, albumin, prothrombin and platelet counts between HBV patients with and without 
patent HDV infection. HBV-DNA levels were lower in HDV/HBV coinfected patients; however, the difference 
was not significant. Platelet counts were lower in coinfected patients compared to HBV monoinfected patients 
(P = 0.04). Both total and direct bilirubin levels were higher in HDV-infected patients than in those without HDV 
infection (P = 0.0007 and 0.0003, respectively) (Fig. 1). Comparisons of other laboratory parameters between 
HDV-positive and HDV-negative patients were not statistically significant (data not shown).

We then analyzed associations between HDV infection and liver function parameters in the HBV subgroups 
of CHB, LC and HCC. The results are given in Fig. 2 and Table 3. In the CHB group, there were no differences of 
all biochemical parameters between patients with and without HDV infection. In the LC group, AST and ALT 
levels were significantly higher in HDV/HBV coinfected patients than in HBV monoinfected patients (P < 0.05). 
In the HCC group, a similar trend applied to the total and direct bilirubin levels in comparison between HCC 
patients with and without HDV infection (median: 22 vs. 17 μmol/L, P = 0.017 and 9.8 vs. 5 μmol/L, P = 0.005, 
respectively). This was also seen when comparing patients with advanced liver disease (LC and/or HCC patients) 
with CHB patients (median: 35.5 vs. 19 μmol/L, P = 0.0014 and 12 vs. 6.7 μmol/L, P = 0.002, respectively).

HDV genotype distribution and its relation to clinical outcomes. Among the 71 HDV-RNA positive 
samples, 57 samples were successfully sequenced and genotyped. Phylogenetic analyses of the amplified fragment 
(235 bp) from HDV genomes of 57 sequences showed that HDV1 was the most frequent genotype (52/57, 91%); 
HDV2 was found in 5/57 (9%) only of HDV/HBV-coinfected patients (Fig. 2A,B). All sequences were submitted 
to the GenBank database (MG722912-MG722968).

Groups
HDV/HBV 
coinfection HBV monoinfection p value

Clinical groups n/total (%) n/total (%)

0.017
CHB 17/191 8.9 174/191 91.1

LC 29/147 19.7 118/147 80.3

HCC 25/208 12 183/208 88

Child-Pugh score

Child A 25/213 11.7 188/213 88.3

0.047Child B 24/108 22.2 84/108 77.8

Child C 3/19 15.8 16/19 84.2

BCLC staging

BCLC A 5/66 7.6 61/66 92.4

NS
BCLC B 13/76 17 63/76 83

BCLC C 3/37 8 34/37 92

BCLC D 1/10 10 9/10 90

Table 2. Association of HDV infection with liver disease progression. CHB, chronic hepatitis B; LC, liver 
cirrhosis; HCC, hepatocellular carcinoma; BCLC: Barcelona Clinic Liver Cancer; P values calculated by Chi-
square test.

Figure 1. Association of HDV infection with subclinical parameters. Bilirubin levels (A) and Platelet counts 
(B) in HBV infected patients with HDV and without HDV coinfection. Other parameters (liver enzymes: AST 
and ALT, HBV DNA loads, albumin, prothrombin, AFP) that did not reach the statistical significance were 
not presented in the figure. Box-plots illustrate medians with 25 and 75 percentiles with whiskers to 10 and 90 
percentiles. P values were calculated by Mann-Whitney-Wilcoxon test.
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We evaluated the impact of the HDV1 and HDV2 genotypes on the clinical outcome in HBV-infected patients 
by comparing the levels of biomedical parameters, including HBV-DNA loads, liver enzymes, bilirubin, albu-
min, prothrombin, and platelet counts. HBV-DNA levels were lower in HDV1-infected patients compared to 
HDV2-infected patients (not significant) (Fig. 1A). Comparisons of biochemical parameters were also not sig-
nificant (data not shown).

Discussion
In spite of effective HBV vaccines available, HDV/HBV coinfections are still of concern and underreported in 
many HBV-endemic regions. In Vietnam, although a universal hepatitis B vaccination program has been imple-
mented since 2003 with a vaccine coverage was 97% in 2012 and a birth dose coverage increased to 75% in 2012 
from 65% in 2006. The main route of transmission of hepatitis B in Vietnam is from mother to child. HBV infec-
tion still is one of the most serious public health problems with 10–15% of infected individuals in the general pop-
ulation and 20–40% among high risk groups such as drug users and HIV-positive individuals19,24. This suggests a 
high prevalence of HDV infection among Vietnamese HBsAg positive individuals. The minimum age of HBsAg 
positive patients was 12 years in our 2013 cohort, signifying that these individuals were not vaccinated by 2003. 
Furthermore, our study indicates that individuals at early adolescence are still at high risk, in a Vietnamese pop-
ulation that has a median age of 30 years. Therefore, in next decades, HBV and HBV/HDV coinfection may pose 
a significant health burden in Vietnam. Few data on the molecular epidemiology of HDV infection are available 
and the results are inconsistent regarding both the prevalence of infection and the distribution of HDV genotypes 

Figure 2. Phylogenetic analysis of isolated HDV genotypes. (A) A phylogenetic tree was constructed based on 
the alignment of 235 bp of 57 nucleotide sequences isolated from HDV/HBV co-infected patients. 39 full-length 
HDV genomes through HDV1-8 retrieved from NCBI database along with GenBank accession numbers were 
included for the analysis. A neighbor-joining tree was constructed with a bootstrap of 1000 replicates. The bar 
at the base of the tree indicates the scale for nucleotide substitutions per position. (B) The phylogenetic tree was 
constructed only for HDV genotype 1 and 2 sequences and involves 82 nucleotide sequences (25 references of 
full-length HDV genome retrieved from NCBI database, 52 strains of HDV genotype 1 (denoted as ♦) and 5 
HDV genotype 2 (denoted as •) from HBV/HDV coinfected patients in our study group.

Groups
HDV 
status

HBV DNA  
(log10 copies/mL) PLT (×103/L) AST (IU/L) ALT (IU/L)

Total bilirubin 
(µmol/L)

Direct bilirubin 
(µmol/L)

Albumin 
(g/L)

Prothrombin 
(%)

CHB 
(n = 191)

HDV (−) 5.4 [2–10.3] 210 [65–416] 46 [14–6206] 60 [8–3390] 16.3 [5.5–551] 5.7 [1–349] 42 [9.8–51] 92 [35–267]

HDV (+) 5.7 [2–8.9] 203 [95–262] 67 [26–883] 59 [26–1630] 17 [9.6–321] 7.35 [2.9–168] 42 [25–67] 98 [17–127]

LC (n = 147)
HDV (−) 5.4 [2–9] 89 [17.1–325] 74 [18–1221] 51 [8–1426] 30 [4.1–593] 10 [0.4–350] 31 [15–46] 57 [13–120]

HDV (+) 3.9 [2–7.2] 91 [28–306] 98 [19–712]* 66 [14–1354]* 38 [9–358] 12 [2–238] 32 [26–47] 71.5 [29–100]

HCC 
(n = 208)

HDV (−) 4.6 [2–9.1] 166 [50–426] 58 [17–670] 49 [11–934] 17 [6–214] 5 [0.4–133] 38 [21–49] 85 [19–269]

HDV (+) 4.5 [2–9.2] 166.5 [42–334] 56 [23–356] 38 [12–565] 21.7 [9.7–282]* 9.8 [1.3–189]** 36 [21–45] 78 [40–103]

HCC + LC 
(n = 355)

HDV (−) 4.67 [2–9.1] 128 [17.1–426] 63 [17–1221] 49 [8–1426] 19 [4.1–593] 6.7 [0.4–350] 36 [15–49] 77 [13–269]

HDV (+) 4.3 [2–9.2] 104 [28–334] 78.5 [19–712] 55.5 [12–1354] 35.5 [9–358]** 12 [1.3–238]** 34 [21–47] 76 [29–103]

Table 3. Association of HDV infection and clinical parameters in each HBV subgroup. CHB: Chronic Hepatitis 
B; LC: Liver cirrhosis; HCC: Hepatocellular carcinoma; PLT: Platelet count; AST: Alanine aminotransferase; 
ALT: Aspartate aminotransferase. Values given are median and range; IU: international unit; *denotes P < 0.05; 
**denotes P < 0.005.
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in Vietnam20–23. Here we describe a high HDV prevalence and confirm the predominance of the HDV1 genotype 
in northern Vietnam.

HDV infection rates vary considerably between countries in Africa, South America and parts of Asia4,10,20,21,25, 
while prevalences are low in northern Europe and North America, where HDV infections occur mostly among 
intravenous drug users25. A distinct geographic distribution of the HDV prevalence has been described for 
Vietnam. One study has shown that HDV infection rates varied in five regions across Vietnam, including Hanoi, 
Hai Phong, Da Nang, Khanh Hoa and Can Tho21. HDV seroprevalences were high in northern Vietnam (30.2% 
and 29.4% in Hanoi and Hai Phong, respectively), but lower in southern Vietnam (8.1% in Khanh Hoa and 12.5% 
in Can Tho) and in Central Vietnam (5.3% in Da Nang). A previous study conducted in a cohort of HBV-infected 
patients collected over a decade ago had already shown a high HDV-RNA prevalence in northern Vietnam 
(15.4%)23. The prevalence of HDV-RNA was 10% in chronic hepatitis B carriers collected in 2015 in Central 
Vietnam22. The difference in HDV-RNA prevalences between these two studies reflects distinct geographic dis-
tributions of the infection. Our findings of a high HDV infection rate in northern Vietnam (13%) corroborate 
the earlier results21,23 and indicate that HDV infection rates did not decline during the last decade in northern 
Vietnam, although the immunization coverage against HBV is well established. However, it is early enough to see 
a potential influence of HBV vaccination on the burden of HDV infection after only 10–12 years of vaccination 
campaign by which the target population of the vaccination program represents for/by newborns and infants.

Varying distributions of HDV genotypes in North and South Vietnam have recently been reported21–23, with 
the HDV1 genotype being predominant in all parts of Vietnam21. In contrast, HDV1 has been shown to prevail in 
northern Vietnam with 90%23, but accounted for only 20% in central Vietnam22. We here confirm the predominance 
of HDV1 (HDV1, 91% vs. HDV2, 9%) in northern Vietnam, consistent with the finding that HDV1 is worldwide 
the most common genotype, while the other genotypes are rather restricted to distinct geographical regions8,11,26,27.

Concomitant HDV and HBV infections significantly increase the risk of HCC development and liver decom-
pensation at an early stage of coinfection8,10,28,29. In our study, HDV positivity rates were particularly high in the 
LC group, followed by the HCC and CHB groups. Patients with Child-Pugh scores B and C had higher infection 
rates compared to patients scored as Child-pugh A, indicating that HDV infection is in fact associated with 
progression to liver cirrhosis. The levels of liver enzymes and bilirubin in patients with advanced liver diseases 
(LC, HCC) in HDV/HBV-coinfected patients were elevated compared to HDV-negative patients. Like HBV/
HCV coinfection, HBV/HDV coinfection is associated with diverse patterns of reciprocal inhibition of viral rep-
lication30. Although the difference was not significant, our data show that HBV-DNA loads were lower in HDV/
HBV coinfection compared to HBV monoinfection, in part supporting the previous finding that HDV-infection 
suppresses HBV replication31,32. While other studies have demonstrated an impact of HDV genotypes on the 
clinical presentation of HBV-infected patients3,10,22, our study did not show any significant association of HDV 
genotypes with liver function test, HBV-DNA loads, and AFP levels. This lack of association may result from the 
small number of patients infected with HDV2.

In conclusion and in comparison with the situation a decade ago, HDV infection is still a serious medical 
problem in Vietnam. HDV-RNA positivity in HBV infected patients is high and HDV1 is the predominant gen-
otype circulating in northern Vietnam. A continuing high prevalence of HDV infection in hepatitis B patients 
increases the disease burden. The National authorities in Vietnam should reconsider the operational clinical 
protocols to include HDV nucleic acid testing to minimize the associated risk of liver cirrhosis and hepatocellular 
carcinoma in patients infected with chronic HBV.

Subjects and Methods
Clinical patients. Five hundred forty-six Vietnamese HBV-infected patients were consecutively enrolled at 
the 108 Military Central Hospital, Hanoi, Vietnam, between 2013 and 2015. All participants were negative for 
anti-HCV and anti-HIV antibodies as assessed by routine ELISA assays. None of the study participants had a 
history of alcohol or drug abuse. All LC and HCC patients and most CHB patients were admitted to hospital 
for specific treatment. HBV-DNA loads and biochemical liver function parameters, including the levels of ala-
nine transaminase (ALT), aspartate transaminase (AST), total bilirubin and direct bilirubin as well as albumin 
and prothrombin were assessed. Patients were classified into the clinical subgroups of chronic hepatitis B (CHB, 
n = 191), liver cirrhosis (LC, n = 147), and hepatocellular carcinoma (HCC, n = 208). The diagnostic criteria 
applying to each subgroup have previously been described33. The liver function of LC and HCC patients were 
categorized according to Child-Pugh scores (Child-A, B, and C)34. Staging of HBV-related HCC was assessed 
according to the Barcelona Clinic Liver Cancer (BCLC) strategy35. Blood sampling of all patients were performed 
on admission. Whole blood and serum samples were stored at −80 °C until use.

Ethics statement. Informed written consent was obtained after detailed explanation of the study at the 
time of blood and serum sampling from all participants or from their parents if subjects were <18 years old. The 
study was approved by the institutional Review Board of the 108 Military Central Hospital, Hanoi, Vietnam. All 
experiments were performed in accordance with relevant guidelines and regulations.

Nucleic acid extraction and cDNA synthesis. Viral RNA was isolated from serum obtained from the 
study participants (QIAamp Viral RNA Mini Kit; Qiagen GmbH, Hilden, Germany). HDV-RNA was reverse 
transcribed into cDNA using the High-Capacity cDNA Reverse Transcription Kit (Thermo Fisher Scientific, 
Foster City, CA, USA) following the manufacturer’s instructions.

HDV-RNA detection. Nested PCR assays specific for the identification of HDV were performed using four 
highly conserved primer pairs (Table 4), representing all eight currently recognized HDV genotypes as previ-
ously described22. PCR amplification was carried out in 25 μl reaction volumes (5 ng cDNA, 10x buffer [20 nM 
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Tris-HCl, 50 nM KCl, 2 nM MgCl2], 0.2 nM dNTPs, 0.4 nM MgCl2, 0.6 μM specific primer pairs, and 1 unit Taq 
polymerase). The first PCR round was performed with primer pairs HDV57_F and HDV60_R (nucleotides 299 
to 770, according to NC001653). PCR conditions included an initial denaturation step (94 °C, 4 min), 32 cycles 
of 30 sec at 94 °C denaturation, 30 sec at 54 °C annealing, 30 sec at 72 °C extension, followed by a final extension 
at 72 °C for 10 min. The second PCR round was performed using the primer pairs HDV48_F and HDV54_R to 
amplify the inner fragment (nucleotides 313 to 485, according to NC001653). PCR conditions included initial 
denaturation for 4 min at 94 °C, followed by 35 cycles (denaturing at 94 °C for 30 sec, annealing at 58 °C for 30 sec 
and extension at 72 °C for 30 sec), with a final 10 min extension step at 72 °C. Amplicons obtained in the sec-
ond PCR round were visualized on 1.5% agarose gels. Samples were considered positive when HDV-RNA was 
detected at least twice in three consecutive PCR runs.

HDV genotyping and phylogenetic analysis. In order to define HDV genotypes, nested PCRs were per-
formed using primer pairs HDV04_F and HDV05_R for the first round for amplification of the outer fragment 
(nucleotides 856 to 1179, according to NC001653; Table 4). For the second round we used primer pairs HDV06_F 
and HDV07_R to amplify the inner fragment (nucleotides 888 to 1122, according to NC001653). Cycling param-
eters were identical with those applied for HDV detection as described above. The inner PCR amplicons obtained 
in the second round were purified using either the GFX PCR DNA and Gel Band Purification Kit (GE Healthcare 
Europe GmbH, Freiburg, Germany) or the Exo-SAP-IT kit (USB, Affymetrix, MA, USA) following the manu-
facturer’s instructions. Purified PCR products were subsequently used as sequencing templates using the ABI 
3130XL system and the BigDye terminator v.1.1 sequencing kit (Applied Biosystems, Foster City, CA, USA).

Phylogenetic trees were constructed using the MEGA7 software (www.megasoftware.net). References of the 
full genomes of eight HDV genotypes (HDV1-8) were retrieved from available NCBI GenBank data, including the 
sequences of genotypes HDV1 (AB118848, AF098261, AF425644, AJ000558, AJ307077, AY633627, HM046802, 
KF660600, KF660601, KF660602, M92448, NC001653, S75645, X77627, X85253), HDV2 (KF660598, AF425645, 
AJ309879, AJ309880, AY261457, AY261459, AY261460, KF660599, U19598, X60193), HDV3 (AB037947, 
AB037948, L22063), HDV4 (AF309420, HM309420), HDV5 (AM183326, AX741154, JA417546), HDV-6 
(AM183329, AM183332), HDV7 (AJ584844, AM183333) and HDV8 (AM183330, AX741169, LT604974). All 
sequences were aligned using BioEdit software version 7 (http://www.mbio.ncsu.edu/BioEdit/page2.html) and 
the CLUSTAL Muscle algorithm36. Phylogenetic trees were constructed using the neighbour joining method37 
and the Kimura-2 model38. Statistical robustness and reliability of the branching order was confirmed by boot-
strap analysis using 1000 iterations.

Statistical analysis. For statistical analyses the R software (https://www.r-project.org) and GraphPad 
Prism 7 (http://www.graphpad.com) were applied. Chi-square or Fisher’s exact test were performed to test 
for differences of categorical variables between two or more than two groups. Wilcoxon-Mann-Whitney and 
Kruskal-Wallis tests were used to compare nonparametric data of quantitative variables between two or more 
than two groups. The level of significance was P < 0.05.
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A B S T R A C T

Objectives: To determine potential associations of the rs2296651 variant (c.800C > T, S267F) of NTCP
with HBV and HBV plus concomitant HDV infection as well as with the progression of related liver
diseases.
Methods: The S267F variant was genotyped by DNA sequencing in 620 HBV-infected patients and 214
healthy controls (HCs). Among the patients, 450 individuals were tested for HDV by a nested PCR assay.
Logistic regression was applied to examine the association.
Results: The S267F variant was found more frequently among HCs (16%) compared to HBV-infected (6%)
and HBV-HDV co-infected patients (3%) (HBV patients vs HC: OR = 0.32, P = 0.00002 and HDV patients vs.
HC: OR = 0.17, P = 0.018). The frequency of S267F variant was inversely correlated with CHB, LC or HCC
patients compared with HCs (OR = 0.31, P = 0.001; OR = 0.32, P = 0.013; OR = 0.34, P = 0.002, respectively).
S267F variant was also associated with decreased risk of the development of advanced liver cirrhosis (LC)
and hepatocellular carcinoma (HCC) (Child B and C vs. Child A, OR = 0.26, adjusted P = 0.016; BCLC B,C,D vs.
BCLC A, OR = 0.038, P = 0.045, respectively). In addition, patients with the genotype CT had lower levels of
AST, ALT, total and direct bilirubin as well as higher platelet counts, indicating an association with a more
favorable clinical outcome.
Conclusion: The NTCP S267F variant of the SLC10A1 gene exhibits protective effects against HBV and HDV
infection and is associated with a reduced risk of developing to advanced stages of LC and HCC.
© 2019 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
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Introduction

Although effective hepatitis B virus (HBV) vaccines are in use
worldwide, HBV-related liver diseases are still a major public
health concern, causing considerable morbidity and mortality.
Approximately 257 million people are currently suffering from
chronic hepatitis B and 887,000 deaths have been recorded in 2015
due to HBV infection (WHO, 2017a). HBV causes various clinical
conditions, including acute hepatitis B, chronic hepatitis B (CHB),
liver cirrhosis (LC) and hepatocellular carcinoma (HCC) (Liaw and
Chu, 2009; WHO, 2017a). The risk of HCC development in chronic
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HBV carriers is approximately 40 times higher than that in non-
carriers (Lee et al., 2013).

Hepatitis D virus (HDV), an RNA virus first identified in 1977
(Rizzetto et al., 1977), can cause disease only in the presence of
preexisting HBV infection, as it requires HBV envelope proteins for
effective infection of hepatocytes (Sureau and Negro, 2016). HDV
particles contain a circular single-stranded RNA of 1679 nucleo-
tides and two viral proteins, the small and large hepatitis D
antigens, which are surrounded by an outer coat containing HBV-
derived envelope proteins and host phospholipids (Hughes et al.,
2011). HDV coinfection affects 15–20 million HBV carriers
worldwide (Noureddin and Gish, 2014; WHO, 2017b). HDV
infection is associated with an increased risk of LC and HCC
development (Hughes et al., 2011).

As both HDV and HBV utilize identical proteins, they may enter
the hepatocytes through similar mechanisms. Recently, the sodium
taurocholate co-transporting polypeptide (NTCP) receptor has been
identified as a cellular receptor for both HBV and HDV entry (Ni et al.,
2014; Yan et al., 2012). A homozygous non-synonymous Arg252His
substitution in the NTCP was associated with the impaired uptake of
bile salts into hepatocytes, confirming the important role of this
hepatic bile acid transporter (Vaz et al., 2015). NTCP is encoded by
the SLC10A1 gene (Solute Carrier family 10, member 1) located on
chromosome 14. It is a transmembrane protein and involved in
transport of sodium and bile acids across cellular membranes. The
N-terminus of the pre-S1 domain of the large HBV envelope protein
binds to NTCP, which is predominantly expressed at the basolateral
membrane of hepatocytes, supporting HBV and HDV entry into
hepatocytes (Ni et al., 2014; Yan et al., 2012).

The missense rs2296651 variant (c.800C > T, S267F; substitution
of serine by phenylalanine at position 267) of the SLC10A1 gene
may influence HBV infection by modifying the structure of the
membrane receptor, resulting in decreased susceptibility of
hepatocytes to HBV/HDV infection. Several studies have shown
that the S267F variant influences susceptibility to HBV infection,
but not in HDV infection and that it is associated with a decreased
risk of liver disease progression (Hu et al., 2016; Lee et al., 2017;
Peng et al., 2015).

Vietnam is highly endemic for both HBV and HDV infections
(Mai et al., 2018; Nguyen et al., 2017; Sy et al., 2013). The functional
role of the missense S267F variant in HBV infection has not yet
been investigated, and data on whether S267F correlates with
susceptibility or resistance to HDV infection is still limited. We
conducted a genetic association study on the role of the NTCP
S267P variant in HBV and HBV/HDV infection as well as its
association with clinical progression of related liver diseases.

Materials and methods

Patients

We randomly recruited 620 HBV-positive patients and 214
healthy controls (HCs) at 108 Military Central Hospital, Hanoi,
Vietnam, between 2013 and 2015. Patients and healthy controls
represent individuals from the Hanoi metropolitan area and were of
Kinh ethnicity. Thepatients wereclinicallycharacterized and HBsAg-
positive for at least 6 months. Patients were classified into clinical
subgroups, including CHB patients without LC or HCC (n = 176), HBV-
related LC patients (n = 144) and HBV-related HCC patients (n = 300).
The clinical and diagnostic characteristics applying to each subgroup
have been described previously (Hoan et al., 2017). LC and HCC
patients were further grouped according to the Child-Pugh scores A,
B, and C (Cholongitas et al., 2005). HCC patients were categorized
according to the Barcelona Clinic Liver Cancer (BCLC) staging (Diaz-
Gonzalez et al., 2016). HCs were civilian individuals and were blood
donors tested to be HBsAg seronegative. Both patients and HCs were
negative for anti-HCV and anti-HIV antibodies as assessed by routine
ELISA assays. None of the study participants had a history of alcohol
or drug abuse. Of the 620 HBV-infected patients, 450 individuals
were tested for concomitant HDV-infection. Blood sampling of all
patients was performed on hospital admission. Whole blood and
serum samples were stored at �80 �C until further use.

Ethics statement

Informed written consent was obtained from all study
participants after detailed explanation of the study at the time
of blood and serum sampling. The study protocol was approved by
the Institutional Review Board of the 108 Military Central Hospital,
Hanoi, Vietnam. All experiments were performed in accordance
with applying guidelines and regulations.

NTCP genotyping

Genomic DNA was isolated from whole blood using a DNA
purification kit (Qiagen, Hilden, Germany) according to the
manufacturer’s instructions. Exon 4 of the SLC10A1 gene was
amplified using primers NTCP_4F (50-CCA TCG CTG CGA AAC TC-
30) and NTCP_4R (50-GGG CTA CCT GGT TCT TAG TGA-30). PCR
amplificationwas carried out in 20 ml reactionvolumescontaining 1
X PCR buffer,1 X Q solution, 0.2 mM dNTPs,1 mM MgCl2, 0.15 mM of
each primer, 1 unit of Taq Polymerase and 50 ng of genomic DNA.
Thermal cycles consisted of initial denaturation (95 �C, 5 min), 36
cycles of denaturation (30 s, 95 �C), annealing (20 s, 55 �C), exten-
sion (30 s, 72 �C), followed by a final extension step (10 min, 72 �C).
PCR products were visualized on 1.2% agarose gels. Amplicons were
purified by Exo-SAP-IT (USB, Affymetrix, CA, USA) and 5 ml of
products were used as sequencing templates (BigDye Terminator
v.1.1 cycle sequencing kit, ABI 3130XL DNA sequencer; Applied
Biosystems, Foster City, CA, USA). Genotypes of SNP rs2296651 were
wild-type (CC), heterozygous (CT) and homozygous (TT).

HDV detection

Viral RNA was isolated from serum (QIAamp Viral RNA Mini Kit;
Qiagen GmbH, Hilden, Germany) and RNA was subsequently
reversely transcribed into cDNA using the High-Capacity cDNA
Reversers Transcription Kit (Thermo Fisher Scientific, Foster City,
CA, USA) following the manufacturer’s instructions. HDV-specific
nested PCR was employed for HDV detection as described
previously (Mai et al., 2018; Nguyen et al., 2017; Sy et al., 2013).

Statistical analysis

Clinical and demographic data are given in medians with ranges
for quantitative variables and categorical data, provided as
numbers and percentages. Hardy-Weinberg equilibrium was
assessed. Binary logistic regression models adjusted for age and
gender were applied to determine NTCP S267F associations with
HBV and HBV/HDV-related liver diseases. Adjusted odds ratios
(OR) with 95% confidence intervals (CI) were calculated. Chi-
square and Fisher’s exact tests were used to test for differences in
categorical variables. Kruskal–Wallis and Mann–Whitney–Wil-
coxon tests were applied to compare quantitative variables.
Statistical analyses were performed using SPSS version 22 (SPSS
Statistics, IBM, Armonk, NY, USA) and GraphPad Prism 7 (http://
www.graphpad.com). Significance was set at a value of P < 0.05.

http://www.graphpad.com
http://www.graphpad.com


Table 1
Demographic and clinical characteristics of healthy controls and HBV patients.

Characteristics HC
(n = 214)

HBV
(n = 620)

CHB
(n = 176)

LC (n = 144) HCC (n = 300) P value

Age (years) 46 [18–69] 55 [18–90] 39 [18–85] 57 [20–86] 60.5 [18–90] <0.0001z
Male (%) 66.8 85.8 77.3 83.3 92 <0.0001 β
Child-Pugh NA
Child A NA 50/144 217/300
Child B NA 55/144 67/300
Child C NA 38/144 16/300
Clinical parameters
AST (U/L) NR 63 [14–6206] 44 [14–6206] 60 [15–1221] 60 [17–983] 0.0096z
ALT (U/L) NR 52 [8–3390] 64 [9–3390] 56 [8–1426] 47 [10–934] <0.0001
Total bilirubin (mmol/L) NR 19 [4.1–571] 17 [5.5–551] 31.3 [4.1–571] 17 [4.3–392] <0.0001z
Direct bilirubin (mmol/L) NR 6.5 [0.4–349] 6.2 [0.7–349] 12 [0.4–291] 5.4 [0.4–247.3] <0.0001z
Albumin (g/L) NR 39 [12–51] 42 [12–51] 31 [15–47] 38 [18–49] <0.0001z
Prothrombin (%) NR 85 [13–269] 92 [17–267] 58.5 [13–101] 86 [20–269] <0.0001z
WBC (x103/mL) NR 6.13 [1.7–20.5] 6.2 [4.1–13.44] 5.6 [1.7–20.5] 6.15 [2.7–17.8] 0.0011z
RBC(x106/mL) NR 4.51 [1.7–6.8] 4.9 [3.1–6.8] 4.04 [1.9–6.7] 4.5 [1.7–6.3] <0.0001z
PLT (x103/ml) NR 170 [17–441] 211 [89–360] 90 [17–441] 159 [35–432] <0.0001z
HBV DNA
(log10 copies/ml)

NR 5 [2–10] 6 [2–10] 5 [2–10] 5 [2–9] 0.018z

AFP (IU/L) NR 9.8 [0.84–300] 3.5 [1–300] 6.8 [1.18–300] 111.4 [0.84–300] <0.0001z
CHB, chronic hepatitis B; LC, liver cirrhosis; HCC, hepatocellular carcinoma; HC, healthy control; RBC, red blood cells; WBC, white blood cells; PLT, platelets. AST and ALT,
aspartate and alanine amino transferase; AFP, alpha-fetoprotein; NR, normal range, NA, not applicable. Values given are medians and ranges. (z) Kruskal–Wallis test. (β): chi-
square test.
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Results

Baseline characteristics of study subjects

The demographic, laboratory and clinical parameters of the 834
participants are summarized in Table 1. In the HC group, the mean
age was 46 years (range: 18–69), and the majority of HCs were male
(67%). Of the 620 patients, 532 (86%) were male. The mean age of
patients was 55 years (18–90), and the median age of patients
increased according to the degree of progression of liver diseases
(P < 0.0001). The albumin and prothrombin levels and platelet
counts were higher among CHB patients compared to HCC and LC
patients (P < 0.0001). We also observed high HBV DNA levels in
CHB compared to LC and HCC patients (P = 0.018). Higher total
bilirubin and direct bilirubin were observed in LC patients
compared to the subgroups of CHB and HCC patients
(P < 0.0001). AFP levels were significantly higher among HCC
patients compared to the subgroups of CHB and LC patients
(P < 0.0001).

Association of the S267F variant with HBV infection and clinical
outcome

The genotype and allele frequencies of the S267F variant
(rs2296651) in the 620 HBV patients and 214 HCs are shown in
Table 2. Genotype frequencies of both HCs and cases were in Hardy
Weinberg equilibrium (P = 0.6 and 0.09, respectively). The geno-
type frequency of S267F (CT/TT) was significantly lower in HBV
patients (6%) compared to HCs (16.4%) (OR = 0.32, 95% CI = 0.19-
0.54, adjusted P = 0.00002; Table 2); indicating that genotypes CT
and TT are associated with relative resistance to HBV infection.
Similarly, the frequency of the T allele was also significantly lower
among HBV patients (3%) compared to HCs (8.4%), suggesting that
the T allele exerts a protective role in HBV infection (OR = 0.34, 95%
CI = 0.2–0.57, adjusted P = 0.00004) (Table 2). In order to confirm
the protective role of S267F in HBV infection, we compared the
frequency of the CT genotype in HBV monoinfection with that
found in the HCs. The analysis showed that this genotype
contributes to a significantly decreased risk of HBV monoinfection
(OR = 0.39, 95% CI = 0.22-0.69, adjusted P = 0.0012) (Table 4).
Frequencies of genotypes and alleles did not differ between the
patient subgroups of CHB, LC and HCC (data not shown).
Next, we analyzed the association of S267F with clinical outcomes
of the HBV patients. Individuals carrying the genotype CT had
significantly higher platelet counts (P = 0.002), but lower serum
AST as well as total and direct bilirubin levels (P = 0.012; 0.031;
0.038, respectively) compared to patients with the genotype CC
(Figure 1). Although not statistically significant, individuals with
genotype CT had a similar trend of ALT, prothrombin, total protein
and albumin levels compared to those carrying the genotype CC
(data not shown).

Association of S267F with LC and HCC

We applied a logistic regression model adjusted for age and
gender to analyze the association of S267F with LC and HCC.
Compared to the HCs, individuals with the CT genotype had a 3-fold
decreased risk of both LC and HCC (LC vs. HC: OR = 0.32, 95%
CI = 0.13–0.79, adjusted P = 0.013; HCC vs. HC: OR = 0.34, 95%
CI = 0.17–0.68, P = 0.002) (Table 2).

Patients with LC were classified into the Child-Pugh subgroups
A, B and C. Genotype CT was significantly more frequent in patients
with more advanced LC compared to patients with less advanced
LC (Child-Pugh scores B and C vs. Child-Pugh score A: OR = 0.26,
95% CI = 0.09–0.78, P = 0.016). Patients with HCC were classified
into the BCLC subgroups stage A, B, C and D. The frequency of the
genotype CT was significantly higher among patients with
intermediate and advanced stages of HCC compared to those with
an early stage of HCC (BCLC staging B, C and D vs. BCLC staging A:
OR = 0.38, 95% CI = 0.15-0.97, P = 0.045) (Table 3).

S267F in HDV infection

To explore the protective role of genotype CT in HDV infection,
we compared the frequency of genotype CT in HBV-HDV co-
infected patients with HCs. The analyses indicated that S267F
variant contributes significantly to a decreased risk of HBV-HDV
coinfection (OR = 0.17, 95% CI = 0.04–0.74, adjusted P = 0.018).
Although not statistically significant, chronic HBV patients with
genotype CT had a reduced risk of concomitant HDV infection
compared to those carrying genotype CC (Table 4).
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Discussion

NTCP is a member of the solute carrier family of transporters. Its
major physiological function is the transport of bile acids from
portal blood into hepatocytes (Claro da Silva et al., 2013;
Hagenbuch and Meier, 1994). NTCP is the hepatocytic receptor
for HBV and HDV (Ni et al., 2014; Yan et al., 2012); thus, genetic
variation of the gene encoding NTCP might be associated with HBV
and HDV susceptibility. Previous studies have indicated the clinical
significance of the NTCP variant S267F only in HBV infection (Hu
et al., 2016; Lee et al., 2017; Peng et al., 2015; Wang et al., 2017). Our
data confirm the protective role of S267F in HBV infection,
including the stages of HBV-related liver disease progression and
especially also in HBV-HDV coinfection.

Several studies have reported that the genotype and allele
frequencies of S267F vary considerably between different study
groups and geographical regions (Ezzikouri et al., 2017; Hu et al.,
2016; Lee et al., 2017; Li et al., 2014; Pan et al., 2011; Peng et al.,
2015; Yang et al., 2016; Zhang et al., 2017). Here, we report that the
frequencies of the genotypes CC, CT and TT are 83.6%, 15.9% and
0,5%, respectively, among 214 Vietnamese healthy individuals. The
frequency of the S267F genotypes CT and TT in our study was lower
than in other Asian populations, e.g. in the Chinese Han (20.4%) and
Taiwanese (18.5%) (Hu et al., 2016; Peng et al., 2015), but more
common than in the Korean population (5.7%) (Lee et al., 2017).
Although the occurrence of S267F was significantly lower in HBV
patients than in HCs in most studies, including our present study,
its frequency is regionally different, ranging from 0.9% to 18%
(Ezzikouri et al., 2017; Hu et al., 2016; Lee et al., 2017; Li et al., 2014;
Pan et al., 2011; Peng et al., 2015; Yang et al., 2016; Zhang et al.,
2017).

A protective effect of S267F in HBV infection has been reported
in previous studies, indicating that individuals with the S267F
variant were 2–5-fold less susceptible to chronic HBV infection (Hu
et al., 2016; Lee et al., 2017; Peng et al., 2015). Our study yields
corresponding results (OR = 0.3, 95% CI = 0.19–0.54). The protective
effect of S267F on HBV infection has also been demonstrated in in
vitro experiments, showing that in mixed cells of wild-type NTCP
and S267F at a 1:1 ratio the efficiency of HBV infection was higher
than 70% (Yan et al., 2014), suggesting that the T allele of S267F
contributes to a certain degree to resist HBV infection. Similarly, we
observed that the T allele of S267F contributes to reducing the risk
of CHB (OR = 0.34).

The earlier studies have also shown that S267F is independently
associated with a decreased risk of progression to LC and/or HCC
(Hu et al., 2016; Lee et al., 2017; Wang et al., 2017). In our study,
when comparing HBV patients with advanced stages of LC and HCC
with HCs, those carrying S267F had a significantly decreased risk of
developing LC or HCC, indicating a lower probability of unfavorable
clinical outcome compared to individuals carrying the wild-type
genotype. The substitution of serine, a hydrophilic residue, by
phenylalanine, a large hydrophobic residue, alters the structure of
NTCP and causes a modification of the HBV/HDV receptor function
(Yan et al., 2012), but also results in a reduced function of bile acid
transport (Ho et al., 2004). Bile acids are cytotoxic compounds, and
as their concentrations increase in the liver, they trigger
hepatocyte apoptosis by activating the death receptor interactive
signaling pathway, thereby promoting persistent inflammatory
injury (Faubion et al., 1999; Ho et al., 2004; Miyoshi et al., 1999).
The NTCP S267F variant decreases uptake of bile acids into
hepatocytes, thus reducing accumulation of intrahepatic cytotoxic
bile salts (Ho et al., 2004). Decreased uptake of bile acids into
hepatocytes is associated with mild hypotonia, growth retardation,
and delayed motor milestones (Vaz et al., 2015). However, the
relationship between reduced bile salt uptake into hepatocytes



Figure 1. Association of NTCP S267F variant with clinical outcome of HBV infection.
Laboratory parameters were compared between patients with genotype CC and those with genotype CT. Box plots illustrate medians with interquartile range. P values were
calculated by using Mann–Whitney–Wilcoxon test.

Table 3
Association of NTCP S267F variant with LC and HCC progression.

Child-Pugh score

NTCP
rs2296651 (S267F)

Child A
n = 266 (%)

Child B
n = 123 (%)

Child C
n = 54 (%)

Child B vs. Child A Child C vs. Child A Child B/C vs. Child A

OR (95%CI) P OR (95%CI) P OR (95%CI) P

CC 245 (92.1) 120 (97.6) 52 (96.3) Reference Reference Reference
CT 21 (7.9) 3 (2.4) 2 (3.7) 0.19 (0.04–0.81) 0.025 0.44 (0.1–1.9) 0.28 0.26 (0.09–0.78) 0.016

BCLC classification

NTCP
rs2296651 (S267F)

Stage A n = 94 Stage B
n = 132

Stage C/D
n = 55

Stage B vs. Stage A Stages C/D vs. Stage A Stages B/C/D vs. Stage A

OR (95%CI) P OR (95%CI) P OR (95%CI) P

CC 83 (88.3) 127 (96.2) 52 (94.6) Reference Reference Reference
CT 11 (11.7) 5 (3.8) 3 (5.4) 0.33 (0.11–0.99) 0.049 0.54 (0.06–4.5) 0.5 0.38 (0.15–0.97) 0.045

Child A, B, C: Child-Pugh score A, B, C; Stage A, B, C, D: Barcelona Clinic Liver Cancer stage A, B, C, D; P values were calculated using binary logistic regression model adjusted for
age and gender.
Bold values reflect statistical significance.

Table 4
Association of NTCP S267F variant with HBV and HDV infections.

NTCP
rs2296651 (S267F)

HC
n = 214 (%)

HBV monoinfection
n = 386 (%)

HDV/HBV coinfection
n = 64 (%)

HBV monoinfection vs. HC HDV/HBV coinfection vs.
HC

HDV/HBV coinfection vs.
HBV monoinfection

OR (95%CI) P value OR (95%CI) P value OR (95%CI) P value

Genotype
CC 179 (83.6) 361 (93.1) 62 (96.8) Reference Reference Reference
CT + TT* 35 (16.4) 25 (6.9) 2 (3.2) 0.39 (0.22–0.69) 0.0012 0.17 (0.04–0.74) 0.018 0.44 (0.1–1.9) 0.27
Allele
C 392 (91.6) 747 (96.8) 126 (98.4) Reference Reference Reference
T 36 (8.4) 25 (3.2) 2 (1.6) 0.38 (0.22–0.66) 0.0006 0.17 (0.04–0.73) 0.017 0.45 (0.11–1.93) 0.28

HC, healthy controls; HBV mono, hepatitis B monoinfection; HDV/HBV, HDV and HBV coinfection, n = numbers of individuals; OR, Odd Ratio. P values were calculated using
binary logistic regression model adjusted for age and gender. (*), one healthy carried TT genotype.
Bold values reflect statistical significance.
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and lower risk of LC and HCC development warrants further
investigation.

Regarding the association of the S267F variant with HDV
infection, individuals carrying S267F had a lower risk of concomi-
tant HDV infection. However, we did not observe any difference of
S267F genotype and allele frequencies when the comparison
between HBV monoinfection and HDV/HBV coinfection was
considered. This may be explained by the fact that HBV and
HDV share NTCP as hepatocytic receptor and the minor allele of
S267F contributes to impair entry of both HBV and HDV.

A larger number of HDV-HBV coinfected patients is desirable to
confirm any association of S267F with HDV infection as well as to
correlate the genetic findings with the clinical outcome of HBV-
HDV coinfection. In conclusion, the NTCP S267F variant was
frequent in the Vietnamese population. It is associated with
decreased susceptibility to HBV and HDV infection, as well as with
a decreased occurrence of LC and HCC and advanced stages of HBV-
related liver diseases.
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ABSTRACT 

Background: SMYD3 (SET and MYND domain-containing protein 3) is involved in histone 

modification, which initiates oncogenesis by activating transcription of multiple downstream genes. 

Objective: To investigate associations of variable numbers of tandem repeats (VNTR) variants in 

the SMYD3 gene promoter, SMYD3 serum levels and SMYD3 mRNA expression in hepatitis B 

virus (HBV) infection and clinical progression of related liver disease. 

Methods: SMYD3 VNTRs were genotyped in 756 HBV patients and 297 healthy controls. SMYD3 

serum levels were measured in 293 patients and SMYD3 mRNA expression was quantified in 48 

pairs of hepatocellular tumor and adjacent non-tumor liver tissues. 

Results: Genotype SYMD3 VNTR 3/3 was more frequent among HCC patients than in controls 

(Padjusted=0.037). SMYD3 serum levels increased according to clinical progression of liver diseases 

(P=0.01); HCC patients had higher levels than non-HCC patients (P=0.04). Among patients with 

SMYD3 VNTR 3/3, HCC patients had higher SMYD3 levels than others (P<0.05). SMYD3 mRNA 

expression was up-regulated in HCC tumor tissues compared to other tissues (P=0.008). 

Conclusion: Upregulation of SMYD3 correlates with the occurrence of HCC and SMYD3 VNTR 

3/3 appears to increase the risk of HCC through increasing SMYD3 levels. SMYD3 may be an 

indicator for HCC development in HBV patients.  

Keywords: HBV infection; hepatocellular carcinoma; SMYD3; SMYD3 VNTRs;SMYD3 serum 

levels; SMYD3 mRNA expression. 

 

 



Key summary 

▪ SMYD3 is involved in oncogenesis and is upregulated in various cancer types.  

▪ SMYD3 VNTR 3/3 appears to increase the risk of HCC through increasing SMYD3 levels 

▪ SMYD3 serum levels were increased according to the clinical progression. 

▪ Upregulation of SMYD3 correlates with the occurrence of HCC. 

▪ SMYD3, a potential indicator for HCC development in patients with HBV infection. 

  



Introduction 

Although effective hepatitis B virus (HBV) vaccines are in use worldwide, HBV-related liver 

diseases are still a major health concern with approximately 257 million chronic infections and 

887,000 deaths in 2015.1 HBV is the main cause of primary hepatocellular carcinoma (HCC)2. The 

risk of HCC development is approximately 40 times higher in chronic HBV carriers (CHB) than in 

non-carriers.3 Vietnam has a high prevalence of HBV infections, ranging from 10-20% in the 

general population and 20-40% among high-risk groups.2,4 As a result, Vietnam is one of the 

countries with a high incidence of HCC with >25,000 new cases reported in 2018.5,6  

Further to viral factors contributing to cancer development, methylation of histone proteins is an 

important mechanism involved in multiple types of cancers including HCC.7,8 Methylation of 

histone proteins at lysine residues can lead to chromatin remodelling, transcription, and signal 

transduction.9 The SET and MYND domain containing proteins (SMYDs) belong to a family of the 

multi-domain SET-containing histone lysine methyltransferases and play a crucial role in histone 

methylation. To date, five SMYD family members have been recognized (SMYD1-SMYD5). 

SMYD3 is the most important member, as several findings have demonstrated its role in tumor 

cell growth and its increased expression in various cancers [reviewed in Ref. 10].  

SYMD3 promotes dimethylation and trimethylation of histone H3K4, which initiates oncogenesis 

by activating transcription of multiple downstream target genes.11,12 SYMD3 overexpression 

causes cell proliferation, migration and adhesion, whereas suppression by RNAi inhibits cell 

proliferation and migration, indicating that SMYD3 plays an important role in carcinogenesis.13-15 

SYMD3 was found upregulated in HCC, colorectal and in breast and lung cancers.13,16,17 In vitro 

interaction of SMYD3 with HBV has been demonstrated, showing that SMYD3 expression was 

upregulated by HBx in HepG2 cells, promoting HCC development and clinical progression.18 

Moreover, SMYD3 is a HBx-interacting protein, and this interaction induces activation of the 

activator protein 1 (AP-1), which increases the risk of HCC formation.19,20 



The common variable number of tandem repeat (VNTR) CCGCC sequence in the SMYD3 

promoter region is the binding site for the transcription factor E2F-1 and shown to be a 

susceptibility factor for human malignancies.21 It has been suggested that, compared to the 

genotype containing two copies, the genotype involving three copies of the CCGCC motif might 

enhance the binding affinity to E2F-1 and, as a result, promote cancer progression by activating 

transcription of multiple oncogenes such as myc, STAT3 and β-cat.15,21,22 Moreover, the VNTR 

genotype 3/3 was associated with a higher risk of colorectal cancer, hepatocellular carcinoma, 

breast cancer, ovarian cancer and esophageal squamous cell carcinoma.21,23,24 Particularly in liver 

diseases, VNTR genotype 3/3 contributed an over 3-fold increased risk of HCC in a Japanese and 

a Chinese population.21,25 The present study aimed to investigate the association of VNTR 

polymorphisms in the SMYD3 promoter and SMYD expression with HBV infection and clinical 

progression of HBV-related liver diseases, in particular progression to HCC.  

Patients and methods 

Patients 

Seven hundred and fifty-six Vietnamese chronic HBV-infected patients enrolled between 2013 and 

2015 at the 108 Military Central Hospital, Hanoi, Vietnam, were recruited. All patients were 

negative for anti-HCV and anti-HIV antibodies nor had a history of alcohol or drug abuse. Patients 

were categorized into the subgroups of chronic hepatitis B (CHB) without liver cirrhosis (LC) or 

HCC (n=246), HBV-related LC patients (n=174) and HBV-related HCC patients (n=336). The 

clinical and diagnostic characteristics of the study group have been described previously.26 LC 

and HCC patients were further classified according to Child-Pugh scores A, B, and C27 and HCC 

patients were categorized according to the Barcelona Clinic Liver Cancer (BCLC) staging 

system.28 The control group (healthy controls; HC) consisted of 297 healthy blood donors. All HCs 

were HBsAg, anti-HCV and anti-HIV negative. Five mls of venous blood were collected from each 

participant. Serum was stored at -80 °C until further use. 



In order to determine SMYD3 mRNA expression, pairs of HCC tumor and adjacent non-tumor 

tissue specimens were obtained from 48 HCC patients who underwent surgery at the 108 Military 

Central Hospital. The tumor stage was scored following the BCLC system.29  

Ethics statement 

Informed written consent was obtained from all participants after detailed explanation of the study 

at the time of blood sampling. The study protocol conforms to the ethical guidelines of the 1975 

Declaration of Helsinki as reflected in a priori approval by the institution's human research 

committee. The Institutional Review Board of the 108 Military Central Hospital, Hanoi, Vietnam 

(108MCH/Res/Epi-HBV-HDV-HEV-D2-14-03-2014) and the Ethics committee of University of 

Tübingen (206/2012B02) approved the study. 

SMYD3 VNTR genotyping 

Genomic DNA of all participants was isolated from whole blood (DNA purification kit; Qiagen, 

Hilden, Germany). The promoter region of the SMYD3 gene was amplified using primers 

SMYD3_F (5'-CGC CTG TCT TCT GCG CAG TCG-3') and SMYD3_R (5'-CCC GAG AAG GCA 

GCG GTC G-3'). Amplicons underwent DNA sequencing.  

Quantification of SMYD3 serum levels by ELISA 

Of the 756 patients, 293 individuals were tested for SMYD3 serum levels, measured by a 

commercially available human SMYD3 sandwich ELISA kit (Wuhan Fine Biological Technology 

Co. Ltd, Wuhan City, China). In order to determine SMYD3 concentrations, a standard curve was 

plotted (https://www.curveexpert.net/) based on mean of OD values and the known concentration 

of the standards. Finally, SMYD3 concentrations were interpolated based on the standard curve. 

The detectable range of the kit was 31.25-2000 pg/ml. 

Quantification of SMYD3 mRNA by RT-PCR 

https://www.curveexpert.net/


Total RNA of the liver tissues was extracted with Trizol reagent (Life Technologies, Carlsbad, CA, 

USA), followed by reverse transcription into cDNA (QuantiTect Reverse Transcription Kit; Qiagen, 

Hilden, Germany). SMYD3 mRNA levels were assessed through quantification of SMYD3 cDNA 

by qRT-PCR using SYBR Green PCR master mix (Bioline, Luckenwalde, Germany). The GAPDH 

gene (glyceraldehyde-3-phosphate dehydrogenase) was used as reference. Primer sequences 

were SMYD3_F: 5'-GTT GGC CTA TAT CCC AGT ATC TCT TTG CTC -3', and SMYD3_R: 5'-

ACC AGT TAG CAT ATC AGC ATC CTT GTC CTG -3', GAPDH_F: 5’-CCA CCC ATG GCA AAT 

TCC ATG GCA-3’ and GAPDH_R: 5’-TCT AGA CGG CAG GTC AGG TCC ACC-3’. All qRT-PCR 

reactions were performed in duplicate and repeated twice (LightCycler® 480 real-time PCR 

system; Roche, Basel, Switzerland). The fold change of SMYD3 mRNA was normalized based 

upon the ΔΔCt method against expression of GAPDH.  

Statistical analysis 

Chi-square and Fisher´s exact tests were used to test for differences of categorical variables. 

Kruskal-Wallis and Mann-Whitney-Wilcoxon tests were applied to compare quantitative variables. 

Hardy-Weinberg equilibrium was assessed. Binary logistic regression models adjusted for age 

and gender were applied to determine SMYD3 VNTR associations with HBV-related liver 

diseases. Adjusted odds ratios (OR) with 95% confidence intervals (CI) were calculated. Paired-

samples t-test was used to compare SMYD3 mRNA levels in tumor and adjacent non-tumor 

tissues. A linear regression model was applied to analyze the relationship of clinical parameters 

of patients and SMYD3 levels. Pearson’s correlation coefficient test was used to analyze 

correlations between SMYD3 levels and clinical parameters. Statistical analyses were performed 

using SPSS version 22 (SPSS Statistics, IBM, Armonk, NY, USA) and GraphPad Prism 7 

(http://www.graphpad.com). Significance was set at P<0.05. 

Results 



Patient characteristics 

Demographic, laboratory and clinical parameters of the 1053 study participants are summarized 

in Table 1. In the HC group, the mean age was 43 years (range: 18-69), and majority of HCs were 

male (66.7%). Of the 756 patients, 630 (83.3%) were male; the mean age was 52 years (12-91). 

The median age of patients and the proportion of males increased according to the degree of 

progression of liver diseases (P<0.0001). As expected, albumin, prothrombin levels and platelet 

counts were higher among CHB patients compared to the other patient subgroups (P<0.0001). 

HBV DNA levels did not differ among patient subgroups (P=0.4). Higher total bilirubin and direct 

bilirubin were observed in LC patients compared to the other groups (P<0.0001). AFP levels were 

significantly higher in HCC patients compared to CHB and LC patients (P<0.0001) (Table 1).  

SMYD3 VNTRs and HBV-related liver diseases 

The allele frequencies and genotype distributions of SMYD3 VNTR polymorphisms are given in 

Table 2. Allele frequencies of VNTR 2 and 3 were 21.7% and 78.3% among controls and 12% and 

88% in HBV patients, respectively. The three tandem repeat allele (VNTR 3) was more prevalent 

among HBV patients than HCs (OR=1.4, 95% CI=1.07-1.86, adjusted P=0.017,). Genotype VNTR 

3/3 was observed more frequently in patients compared to HCs (OR=1.4, 95% CI=1.02-1.97, 

adjusted P=0.036). Although the frequencies of VNTRs 2/2 and 2/3 were higher among HCs than 

in the patient group, the differences were not significant.  

We compared the distribution of allele and genotype frequencies of the SMYD3 VNTRs in the 

patient subgroups (CHB, LC, HCC) with those in HCs. Genotype VNTR 3/3 occurred more 

frequently in HCC patients than in HCs (OR=2.9, 95%CI=1.09-8, adjusted P=0.037,), while 

genotype VNTR 2/2 was nearly three times more frequent in HCs compared to HCC patients (HCC 

vs HC, OR=0.34, 95% CI=0.13-0.93, adjusted P=0.036). However, no differences were observed 

in pairwise comparisons between the CHB, LC and HC groups.  



We also analyzed associations of SMYD3 VNTR polymorphisms with laboratory parameters of 

HBV infection (AFP, AST, ALT, total and direct bilirubin, prothrombin, albumin, viral loads). The 

levels of these parameters were not different in all patients with different SMYD3 VNTR genotypes 

as well as in patient subgroups (CHB, LC and HCC) (P>0.05).  

SMYD3 serum levels in HBV-related liver diseases 

Levels of SMYD3 increased significantly according to the progression of liver diseases (Figure 1A, 

1B). The SMYD3 median was 227.1 pg/mL in CHB patients, 287.3 pg/mL in LC patients and 311.8 

in HCC patients and 292.6 pg/mL in patients with both HCC plus LC (P<0.05). The post-hoc 

analysis showed a significant difference between the HCC and CHB groups (P=0.012). A 

corresponding result was observed when comparing the median of SMYD3 levels in non-HCC and 

in HCC patients (251.1 pg/mL and 311.8 pg/mL, respectively, P=0.04; Figure 1D), whereas the 

median of SMYD3 levels did not differ between non-LC and LC individuals (Figure 1C). These 

results indicate that SMYD3 plays a role in HCC development. When analyzing the correlation of 

SMYD3 serum levels with the laboratory parameters in all HBV patients and in patient subgroups, 

SMYD3 serum levels did not correlate with these parameters in all HBV patients and in the 

subgroups. 

SMYD3 VNTRs and SMYD3 serum levels and progression of HBV-related liver diseases 

We analyzed the relationship between SMYD3 VNTR genotypes and SMYD3 serum levels in HBV 

patients (Figure 2). SMYD3 levels in patients with SMYD3 genotype 3/3 were similar to that in 

patients with genotypes 2/2 or 2/3 (P>0.05, Figure 2A). In the HCC group, patients with genotype 

VNTR 3/3 had higher SMYD3 levels than those with genotypes VNTR 2/2 and 2/3 (P=0.03, Figure 

2D). This was not observed in CHB and LC patients (Figure 2B, 2C). In addition, in patients with 

genotypes 2/2 and 2/3 the levels of SYMD3 did not differ between the CHB, LC and HCC groups. 

However, patients with genotype VNTR 3/3 had increased SMYD3 serum levels according to the 



progression of liver diseases (HCC vs. CHB: P=0.0005, LC vs. CHB: P=0.036, Figure 2F). These 

results indicate that genotype VNTR 3/3 may increase SMYD3 levels and, thus, increase the risk 

of HCC development.  

SMYD3 mRNA expression in HCC 

In order to examine whether SMYD3 mRNA is upregulated in cancer stages as seen in other 

cancers15,16, we analyzed the expression of SMYD3 mRNA in HCC tissue specimens and in 

adjacent non-tumor liver tissues obtained from 48 HBV-related HCC patients. Expression of 

SMYD3 mRNA in tumor tissues was significantly higher than that in adjacent non-tumor tissues 

(P=0.008, Figure 3A). We then examined whether SMYD3 mRNA expression was associated with 

development of HCC by correlating SMYD3 mRNA expression with BCLC stages. SMYD3 mRNA 

expression was higher in stage-B tumor tissues compared to that in stage-A tissues (Figure 3B). 

A similar trend was seen when SMYD3 mRNA expression was compared between non-tumor 

tissues obtained from stage-A and stage-B HCC patients; however, the difference did not reach 

significance (Figure 3C). These results indicate that SMYD3 expression is associated with HBV-

related HCC. 

Discussion 

HBV infection is a major cause of HCC. In Vietnam, the prevalence of HBV infection is over 10% 

in the general population1,5. Further to HBV, other factors contributing to the development of HCC 

include epigenetic changes such as methylation and histone modifications of regulatory 

genes.7,8,26 SMYD3, a histone H3-K4 specific methyltransferase, is an example of histone 

modification which is considered a crucial epigenetic factor contributing to the development of 

various human cancers, including liver cancer.13,16 So far, the role of SYMD3 and its encoding 

gene SYMD3 in HBV-related liver diseases is not clear. We studied the association of genetic 

variation and expression of variant SYMD3 VNTRs with susceptibility to HBV infection and with 



liver disease progression. We show that both SMYD3 VNTRs in the promoter region and SYMD3 

overexpression are associated with HBV-related HCC.  

SMYD3 VNTR variability has been reported to be a significant factor in HCC.21,25 An earlier study 

has reported that VNTR 3/3 homozygosity conferred an over 3-fold increased risk of HCC in a 

Japanese population.21 Accordingly, a study in a Chinese population found that the frequency of 

the SMYD3 VNTR 3/3 genotype was higher in HCC patients than in controls.25 Consistent with 

these studies, we observed that the frequencies of the SMYD3 VNTR three repeat allele and the 

3/3 genotype were higher in HBV patients than in controls (Table 2). Further analysis showed that 

in the HCC group the SMYD3 repeat 3/3 genotype was more frequent than in HCs (OR=2.9, 

P<0.05, Table 2). Notably, Wang et al.30 did not find an association between the risk of HCC and 

the three tandem repeat allele.  

The SMYD3 VNTRs have been shown to be a susceptibility factor for human cancers, especially 

for colorectal cancer, breast cancer and HCC.21 We observed that the SMYD3 VNTR 3/3 genotype 

increases the risk of HBV-related HCC. A possible explanation is that SMYD3 VNTR 3/3 can 

effectively promote its affinity with E2F-1, which is considered an important transcription factor 

stimulating cellular proliferation and cell cycle progression.21,31,32 In HCC development, 

overexpression of SMYD3 was previously found in disttinct cell lines, but an association between 

SMYD3 serum levels and HCC has not been shown so far.18,33 In our study, SMYD3 serum levels 

were significantly increased according to the various HBV-related liver disease stages. SMYD3 

levels were higher in advanced liver disease (LC, HCC) compared to CHB, and HCC patients had 

higher SMYD3 levels than non-HCC patients. These findings indicate that increased SMYD3 

levels may be associated with the occurrence of HCC, and SMYD3 serum levels may be 

considered a potential marker for HCC. Moreover, SMYD3 serum levels in HCC patients with the 

SMYD3 VNTR genotype 3/3 were higher than in those with genotypes 2/2 and 2/3; this difference 

was not observed in CHB and LC patients.  



Finally, we assessed SMYD3 mRNA expression in liver tissues. In vitro evidence indicates that 

SMYD3 expression is up-regulated in HCC cell lines.13,33 SMYD3 expression was analyzed in HCC 

tissues, and upregulation was significantly associated with an unfavourable prognosis of HCC.34 

SMYD3 mRNA expression was upregulated in HCC tumor compared to adjacent non-tumor 

tissues, providing further evidence of a role of SMYD3 in HCC development. Several studies have 

shown that SMYD3 can interact with the HBV-HBx protein, which can induce upregulation of 

SMYD3 in HCC; these interactions promote development of HCC.18-20 Although our data underline 

the significance of the SMYD3 VNTR 3/3 genotype and SMYD3 overexpression in HBV-related 

HCC development, the interaction between HBV and SYMD3 needs to be investigated further.  

In conclusion, our study shows the association of the SMYD3 VNTR 3/3 as well as upregulation 

of SMYD3 serum levels and mRNA expression with HCC development, suggesting that SYMD3 

has some potential for the prediction of HCC in HBV patients.  

 

Acknowledgements  

We thank all patients and healthy individuals for their participation.  

Conflict of interests 

All authors have no conflicts of interest to declare.  

Funding 

TPV acknowledges the financial support by DAAD-PAGEL (57140033) for fellowships of 

Vietnamese students as well as support from the Federal Ministry of Education and Research, 

Germany (HEPNET VNM2016-010 and BMBF01DP17047). The funder had no role in the study 

design, data collection and analysis, decision to publish or preparation of the manuscript. 



Author’s contributions  

TPV designed, supervised the study, contributed materials and reagents, and wrote the 

manuscript. PGK contributed to materials and reagents. MTB recruited patients and collected 

samples, performed the experiments, carried out the statistical analyses, interpreted data and 

wrote the manuscript. NXH recruited patients and collected samples, carried out the statistical 

analyses. HVT, CTB and HW contributed to the analysis, interpreted data and the manuscript. 

DPG contributed to the experimental design. LHS, NLT and MHB recruited patients. CGM revised 

the draft and edited the final version of the manuscript. All authors agreed with the results and 

conclusions.  

 

References 

1. WHO. Hepatitis B.  2017. 
2. Nguyen VT. Hepatitis B infection in Vietnam: current issues and future challenges. Asia 
Pac J Public Health 2012; 24: 361-373. 2010/12/17. DOI: 10.1177/1010539510385220. 
3. Lee MH, Yang HI, Liu J, et al. Prediction models of long-term cirrhosis and hepatocellular 
carcinoma risk in chronic hepatitis B patients: risk scores integrating host and virus profiles. 
Hepatology 2013; 58: 546-554. 2013/03/19. DOI: 10.1002/hep.26385. 
4. WHO. Hepatitis B in Vietnam.  2018. 
5. GLOBOCAN. The cancer rates in Vietnam.  2018. 
6. Bray F, Ferlay J, Soerjomataram I, et al. Global cancer statistics 2018: GLOBOCAN 
estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin 
2018; 68: 394-424. 2018/09/13. DOI: 10.3322/caac.21492. 
7. Ma L, Chua MS, Andrisani O, et al. Epigenetics in hepatocellular carcinoma: an update 
and future therapy perspectives. World J Gastroenterol 2014; 20: 333-345. 2014/02/28. DOI: 
10.3748/wjg.v20.i2.333. 
8. McCabe MT, Mohammad HP, Barbash O, et al. Targeting Histone Methylation in Cancer. 
Cancer J 2017; 23: 292-301. 2017/09/20. DOI: 10.1097/PPO.0000000000000283. 
9. Spellmon N, Holcomb J, Trescott L, et al. Structure and function of SET and MYND 
domain-containing proteins. Int J Mol Sci 2015; 16: 1406-1428. 2015/01/13. DOI: 
10.3390/ijms16011406. 
10. Huang L and Xu AM. SET and MYND domain containing protein 3 in cancer. Am J Transl 
Res 2017; 9: 1-14. 2017/01/27. 
11. Kunizaki M, Hamamoto R, Silva FP, et al. The lysine 831 of vascular endothelial growth 
factor receptor 1 is a novel target of methylation by SMYD3. Cancer Res 2007; 67: 10759-
10765. 2007/11/17. DOI: 10.1158/0008-5472.CAN-07-1132. 
12. Zou JN, Wang SZ, Yang JS, et al. Knockdown of SMYD3 by RNA interference down-
regulates c-Met expression and inhibits cells migration and invasion induced by HGF. Cancer 
Lett 2009; 280: 78-85. 2009/03/27. DOI: 10.1016/j.canlet.2009.02.015. 



13. Hamamoto R, Furukawa Y, Morita M, et al. SMYD3 encodes a histone methyltransferase 
involved in the proliferation of cancer cells. Nat Cell Biol 2004; 6: 731-740. 2004/07/06. DOI: 
10.1038/ncb1151. 
14. Luo XG, Xi T, Guo S, et al. Effects of SMYD3 overexpression on transformation, serum 
dependence, and apoptosis sensitivity in NIH3T3 cells. IUBMB Life 2009; 61: 679-684. 
2009/05/28. DOI: 10.1002/iub.216. 
15. Liu Y, Deng J, Luo X, et al. Overexpression of SMYD3 was associated with increased 
STAT3 activation in gastric cancer. Med Oncol 2015; 32: 404. 2014/12/05. DOI: 
10.1007/s12032-014-0404-y. 
16. Hamamoto R, Silva FP, Tsuge M, et al. Enhanced SMYD3 expression is essential for the 
growth of breast cancer cells. Cancer Sci 2006; 97: 113-118. 2006/01/31. DOI: 10.1111/j.1349-
7006.2006.00146.x. 
17. Mazur PK, Reynoird N, Khatri P, et al. SMYD3 links lysine methylation of MAP3K2 to 
Ras-driven cancer. Nature 2014; 510: 283-287. 2014/05/23. DOI: 10.1038/nature13320. 
18. Yang L, He J, Chen L, et al. Hepatitis B virus X protein upregulates expression of SMYD3 
and C-MYC in HepG2 cells. Med Oncol 2009; 26: 445-451. 2008/12/17. DOI: 10.1007/s12032-
008-9144-1. 
19. Hayashi M, Deng L, Chen M, et al. Interaction of the hepatitis B virus X protein with the 
lysine methyltransferase SET and MYND domain-containing 3 induces activator protein 1 
activation. Microbiol Immunol 2016; 60: 17-25. 2015/12/01. DOI: 10.1111/1348-0421.12345. 
20. Guo L, Guo Y, Xiao S, et al. Protein kinase p-JNK is correlated with the activation of AP-
1 and its associated Jun family proteins in hepatocellular carcinoma. Life Sci 2005; 77: 1869-
1878. 2005/06/02. DOI: 10.1016/j.lfs.2005.03.019. 
21. Tsuge M, Hamamoto R, Silva FP, et al. A variable number of tandem repeats 
polymorphism in an E2F-1 binding element in the 5' flanking region of SMYD3 is a risk factor for 
human cancers. Nat Genet 2005; 37: 1104-1107. 2005/09/13. DOI: 10.1038/ng1638. 
22. Sarris ME, Moulos P, Haroniti A, et al. Smyd3 Is a Transcriptional Potentiator of Multiple 
Cancer-Promoting Genes and Required for Liver and Colon Cancer Development. Cancer Cell 
2016; 29: 354-366. 2016/02/26. DOI: 10.1016/j.ccell.2016.01.013. 
23. Liu TT, Xu H, Gao WP, et al. SET and MYND Domain-Containing Protein 3 (SMYD3) 
Polymorphism as a Risk Factor for Susceptibility and Poor Prognosis in Ovarian Cancer. Med 
Sci Monit 2016; 22: 5131-5140. 2016/12/27. 
24. Wang H, Liu Y, Tan W, et al. Association of the variable number of tandem repeats 
polymorphism in the promoter region of the SMYD3 gene with risk of esophageal squamous cell 
carcinoma in relation to tobacco smoking. Cancer Sci 2008; 99: 787-791. 2008/02/26. DOI: 
10.1111/j.1349-7006.2008.00729.x. 
25. Li RD, Tang YH, Wang HL, et al. The SMYD3 VNTR 3/3 polymorphism confers an 
increased risk and poor prognosis of hepatocellular carcinoma in a Chinese population. Pathol 
Res Pract 2018; 214: 625-630. 2018/04/25. DOI: 10.1016/j.prp.2018.04.005. 
26. Hoan NX, Van Tong H, Giang DP, et al. SOCS3 genetic variants and promoter 
hypermethylation in patients with chronic hepatitis B. Oncotarget 2017; 8: 17127-17139. 
2017/02/10. DOI: 10.18632/oncotarget.15083. 
27. Cholongitas E, Papatheodoridis GV, Vangeli M, et al. Systematic review: The model for 
end-stage liver disease--should it replace Child-Pugh's classification for assessing prognosis in 
cirrhosis? Aliment Pharmacol Ther 2005; 22: 1079-1089. 2005/11/25. DOI: 10.1111/j.1365-
2036.2005.02691.x. 
28. Diaz-Gonzalez A, Reig M and Bruix J. Treatment of Hepatocellular Carcinoma. Dig Dis 
2016; 34: 597-602. 2016/06/23. DOI: 10.1159/000445275. 
29. Cillo U, Vitale A, Grigoletto F, et al. Prospective validation of the Barcelona Clinic Liver 
Cancer staging system. J Hepatol 2006; 44: 723-731. DOI: 10.1016/j.jhep.2005.12.015. 



30. Wang XQ, Miao X, Cai Q, et al. SMYD3 tandem repeats polymorphism is not associated 
with the occurrence and metastasis of hepatocellular carcinoma in a Chinese population. Exp 
Oncol 2007; 29: 71-73. 2007/04/14. 
31. Harbour JW and Dean DC. The Rb/E2F pathway: expanding roles and emerging 
paradigms. Genes Dev 2000; 14: 2393-2409. 2000/10/06. 
32. Stevaux O and Dyson NJ. A revised picture of the E2F transcriptional network and RB 
function. Curr Opin Cell Biol 2002; 14: 684-691. 2002/12/11. 
33. Chen LB, Xu JY, Yang Z, et al. Silencing SMYD3 in hepatoma demethylates RIZI 
promoter induces apoptosis and inhibits cell proliferation and migration. World J Gastroenterol 
2007; 13: 5718-5724. 2007/10/30. 
34. Fei X, Ma Y, Liu X, et al. Overexpression of SMYD3 Is Predictive of Unfavorable 
Prognosis in Hepatocellular Carcinoma. Tohoku J Exp Med 2017; 243: 219-226. 2017/12/01. 
DOI: 10.1620/tjem.243.219. 



Table 1: Demographic and clinical characteristics of healthy controls and HBV patients 
 

Characteristics 
HC             

(n=297) 
HBV patients 

(n=756) 
CHB              

(n=246) 
LC               

(n=174) 
HCC             

(n=336) 
P value 

Age (years) 43 [16-69] 52 [12-91] 41 [12-85] 56 [20-86] 57 [15-91] <0.0001# 

Male (%) 66.7 83.3 75.2 82.8 93.7 <0.0001β 

Child-Pugh NA 
     

Child A  
 

NA 53/169 249/335 
 

Child B  
 

NA 75/169 65/300 
 

Child C  
 

NA 41/169 21/335 
 

Missing  
 

NA 5 1 
 

Clinical parameters  
     

AST (IU/L) NR 132 [14-6206] 187 [14-6206] 119 [15-1221] 101 [17-983] <0.0001# 

ALT (IU/L) NR 132 [8-3390] 222 [9-3390] 82 [8-1426] 72 [11-1095] 0.04# 

Total bilirubin 
(µmol/L) 

NR 39.1 [4.1-571] 34 [5.5-551] 65.2 [4.1-571] 29.4 [4.3-392] <0.0001# 

Direct bilirubin 
(µmol/L) 

NR 17.2 [0.4-349] 16.1 [0.7-349] 29.5 [0.4-291] 11.6 [0.4-247.3] <0.0001# 

Albumin (g/L) NR 37 [15-48] 42 [25-48] 31.8 [15-47] 37 [15-48] <0.0001# 

Prothrombin               
(% of standard) 

NR 82 [13-269] 94 [17-267] 60 [13-101] 84 [20-269] 
<0.0001# 

<0.0001# 

WBC (x103/mL) NR 6.6 [1.7-20.5] 6.7 [4.1-13.44] 6.2 [1.7-20.5] 6.8 [2.7-17.9] <0.0001# 

RBC(x106/mL) NR 4.5 [1.7-6.8] 4.9 [3.1-6.8] 3.9 [1.9-6.7] 4.5 [1.7-6.8] <0.0001# 

PLT (x103/ml) NR 174 [17-441] 218 [66-379] 106 [17-441] 177 [34-432] <0.0001# 

HBV DNA               
(log10 copies/ml) 

NR 5.1 [1-10] 5.2 [2-10] 5 [1-10] 5.1 [1-9] 0.4# 

AFP (IU/L) NR 142 [1-4029] 7.4 [1-250] 40 [1.18-707] 280 [1-4029] <0.0001# 

CHB, chronic hepatitis B; LC, liver cirrhosis; HCC, hepatocellular carcinoma; HC, healthy control; RBC, red blood cells; WBC, white blood 
cells; PLT, platelets. AST and ALT, aspartate and alanine aminotransferase; AFP, alpha-fetoprotein; NR, normal range, NA, not applicable. 
Values given are medians and ranges. (#) Kruskal-Wallis test (β): chi-square test. 



Table 2: Association of the variable number of tandem repeats of SMYD3 with HBV-related liver diseases  

SMYD3 
tandem repeat 

HC          
n=297 
(%) 

CHB        
n=246 
(%) 

LC           
n=174 
(%) 

HCC        
n=336 
(%) 

CHB + 
LC 
n=420 
(%) 

HBV 
total 
n=756 
(%) 

CHB vs HC LC vs HC HCC vs HC HBV vs HC 

OR(95%CI) 
P 
value 

OR(95%CI) 
P 
value 

OR(95%CI) 
P 
value 

OR(95%CI) 
P 
value 

Genotypes               

VNTR 2/2 21 (7.1) 
14 
(5.7) 

6 
(3.4) 

7 
(2.1) 

20 
(4.8) 

27 
(3.6) 

Reference  Reference  Reference  Reference  

VNTR 2/3 
64 
(21.5) 

37 (15) 
29 
(16.7) 

61 
(18.2) 

66 
(15.7) 

127 
(16.8) 

0.75 (0.32-
1.76) 

0.5 
1.8 (0.59-
5.6) 

0.3 
2.7 (0.89-
7.92) 

0.079 
1.2 (0.58-
2.44) 

0.6 

VNTR 3/3 
212 
(71.4) 

195 
(79.3) 

139 
(79.9) 

268 
(79.8) 

334 
(79.5) 

602 
(79.6) 

1.2 (0.6-
2.6) 

0.5 
2.2 (0.81-
6.12) 

0.1 2.9(1.07-8) 0.037 
1.7 (0.88-
3.15) 

0.1 

Allele               

VNTR 2 
106 
(21.7) 

65 
(13.2) 

41 
(11.8) 

75 
(11.2) 

106 
(12.6) 

181 
(12) 

Reference  Reference  Reference  Reference  

VNTR 3 
488 
(78.3) 

427 
(86.8) 

307 
(88.2) 

597 
(88.8) 

734 
(87.4) 

1331 
(88) 

1.4 (0.97-
1.92) 

0.078 1.5 (1-2.38) 0.05 1.5 (1-2.14) 0.05 
1.4 (1.07-
1.86) 

0.017 

Dominant               

 VNTR 2/2&2/3 
85 
(28.6) 

51 
(20.7) 

35 
(20.1) 

68 
(20.2) 

86 
(20.5) 

154 
(20.4) 

Reference  Reference  Reference  Reference  

VNTR 3/3 
212 
(71.4) 

195 
(79.3 

139 
(79.9) 

268 
979.8) 

334 
(79.5) 

602 
(79.6) 

1.5 (0.99-
2.23) 

0.057 
1.4 (0.88-
2.4) 

0.1 
1.3 (0.86-
2.05) 

0.2 
1.4 (1.02-
1.97) 

0.036 

Recessive               

VNTR 2/2 21 (7.1) 
14 
(5.7) 

6 
(3.4) 

7 
(2.1) 

20 
(4.8) 

27 
(3.6) 

Reference  Reference  Reference  Reference  

VNTR 2/3&3/3 
276 
(92.9) 

232 
(94.3) 

168 
(96.6) 

329 
(97.9) 

400 
(95.2) 

729 
(96.4 

1.1 (0.55-
2.35) 

0.7 
2.2 (0.8-
6.02) 

0.1 
2.9 (1.07-
8.03) 

0.036 
1.6 (0.82-
2.94) 

0.2 

CHB, chronic hepatitis B; LC, liver cirrhosis; HCC, hepatocellular carcinoma; HC, healthy controls; n, numbers individuals; OR, Odd ratio. 
P values were calculated using binary logistic regression model adjusted for age and gender. Bold values reflect statistical significance. 



 

Figure 1: Association of the SMYD3 serum levels with HBV related liver diseases. The 

comparison of SMYD3 levels (A) among groups of patients according to HBV-related diseases, 

CHB, chronic hepatitis B; LC, liver cirrhosis without HCC; HCC, hepatocellular carcinoma; (B) 

between CHB patients with advanced stages patients (including LC and HCC), (C) between 

patients with and without cirrhosis, (D) between patients with and without HCC. Box-plots illustrate 

medians with 25 and 75 percentiles with whiskers to 10 and 90 percentiles; P value were 

calculated by using Kruskal-Wallis test or Mann-Whitney-Wilcoxon test. 
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Figure 2: Association of the VNTRs of SMYD3 with SMYD3 serum levels in HBV-related liver 

diseases. Comparison of the SMYD3 serum levels among patients with HBV-related liver 

diseases who carry different SMYD3 VNTR genotypes. CHB, chronic hepatitis B, LC, liver cirrhosis 

without HCC, HCC, hepatocellular carcinoma. (A) among total HBV patients, (B) among CHB 

patients, (C) among LC patients, (D) among HCC patients, (E) among patients with the VNTR 

genotypes 2/2 and 2/3, (F) among patients with genotype 3/3. Box-plots illustrate medians with 25 

and 75 percentiles with whiskers to 10 and 90 percentiles; P values were calculated by using 

Mann-Whitney-Wilcoxon test or Kruskal-Wallis test. 
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Figure 3: SMYD3 mRNA expression in liver specimens from 48 HCC patients. Relative 

quantitative real-time PCR analysis of SMYD3 mRNA levels. (A) Relative SMYD3 mRNA 

expression in tumor tissues and in adjacent non-tumor tissues, (B) The fold changed SMYD3 

mRNA levels between the group of stage A-HCC patients and the group of stage B-HCC patients, 

(C) SMYD3 mRNA expression in stage-A and stage-B tumor tissues and in adjacent non-tumor 

tissues. P values were calculated by using Mann-Whitney-Wilcoxon test. Data are shown as mean 

values with 95% confidence intervals. 
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4. DISCUSSION 

Despite the availability of effective HBV vaccine, hepatitis B continues to be a public 

health problem and accounts for of a large number of chronic cases with high 

incidence and mortality. The most severe consequence of HBV is advanced liver 

diseases, in particular HCC. HBV-infected individuals have 40 fold-chance of 

developing HCC (Lee et al., 2013). Besides HBV, other hepatitis viruses such as HCV, 

HDV, and HEV may also cause liver damage and promote hepatic failure. Host genetic 

factors also influence and play an essential role in the development of hepatic illness. 

This thesis aimed to understand how HDV infection may aggravate HBV-related liver 

diseases and subsequently investigated on the potential association of host genetic 

factors such as NTCP S267F variant with HBV, HDV, and their clinical courses. 

Furthermore, this thesis also investigated on the SMYD3 expression and SMYD VNTR 

genotype 3/3 on HCC development using a large cohort of Vietnamese patients with 

HBV. 

 

4.1. Hepatitis delta virus infections  

4.1.1. HDV infection in Vietnamese population 

Commercial HBV vaccines have been deployed in Vietnam since 2003. However, the 

prevalence of HBV infections is believed to be greater than 10% (Nguyen, 2012, 

Nguyen et al., 2008), and this indicates a large health burden in the country. Existing 

data show extensive HDV variation across Vietnamese provinces (Dunford et al., 

2012, Sy et al., 2013, Hall et al., 2015, Nguyen et al., 2017). Overall, HDV 

seropositivity was 15% (Hall et al., 2015). The highest HDV seroprevalences is 

observed in the northern Vietnam whereas both the south and the central Vietnam 
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exhibited low seroprevalences (Hall et al., 2015). HDV infections in these settings are 

mainly observed in persons who inject drugs in northern Vietnam (Hall et al., 2015). 

Analyses of HBV samples collected over a ten-year period revealed that HDV 

prevalence in northern Vietnam was 15% (Sy et al., 2013). Moreover, HDV RNA 

positivity was counted of 10% in central Vietnam (Nguyen et al., 2017). Our study 

estimated HDV positivity of 13%, thus corroborating earlier findings in northern 

Vietnam (Hall et al., 2015, Sy et al., 2013) Our findings suggest that the number of 

HDV infections in northern Vietnam have not decreased in the last decade. However, 

the effective HBV vaccination campaign show promising HDV control measures, in 

particular for Northern Vietnam. 

HDV genotyping in the present study revealed that only HDV-1 and HDV-2 occurs in 

Vietnam. Although HDV-1 seems to be predominant in Vietnam, recent studies show 

that ratio of HDV-1 and HDV-2 in northern and southern regions of Vietnam is quite 

distinct (Sy et al., 2013, Hall et al., 2015, Nguyen et al., 2017). In particular, HDV-1 

was preferentially identified (90%) in northern Vietnam (Sy et al., 2013) whereas in 

southern region it has a prevalence of 20% (Nguyen et al., 2017). Consistent with 

previous study, our study observed a 91% HDV-1 prevalence in northern Vietnam. 

Our findings cumulate an evidence for the globally dominant genotype of HDV-1 

(Alvarado-Mora et al., 2013, Pascarella and Negro, 2011, Wedemeyer and Manns, 

2010, Hughes et al., 2011, Barros et al., 2011). 

 

4.1.2. HDV/HBV coinfections and HBV related liver diseases 

Concomitant HDV and HBV infections have been demonstrated to significantly 

increase the advancement of liver diseases, including LC and HCC (Smedile et al., 
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1982, Fattovich et al., 2000, Negro, 2014). The Hepatitis Delta International Network 

registry shows that 48.7% HDV positive patients have LC (Wranke et al., 2018). Our 

study observed that LC patients had higher HDV positive rate (20%) than HCC (12%) 

and CHB (9%). Moreover, advanced LC patients (identified by Child-Pugh scores B 

and C) accounted for a higher rate of HDV cases than early LC patients with Child-

Pugh score of A. Therefore, our findings support that infected HDV may enhance the 

development LC among HBV patients. 

 

4.2. Association of NTCP S267F variant with HBV and HDV  

NCTP is the main mode for the transportation of bile acids into the hepatocytes (Vaz 

et al., 2015, Claro da Silva et al., 2013). It also play a vital role in the life cycle of both 

HBV and HDV, as a receptor during HBV-HDV invasion into the hepatocytes (Yan et 

al., 2012, Ni et al., 2014). Genetic variation in the gene encoding NTCP might therefore 

modulate HBV and HDV susceptibility. Yan et al. published the first report illustrating 

that NTCP S267F allele (rs2296651, c.800C>T) dampens the NCTP-preS1 

lipopeptide interaction, thus indicating this allele could avert the establishment of HBV 

and HDV infections (Yan et al., 2014). In addition, clinical evidence of the protective 

nature of NTCP S267F allele has only been demonstrated in HBV infections (Peng et 

al., 2015, Hu et al., 2016, Lee et al., 2017, Wang et al., 2017, Wu et al., 2018). Our 

findings were in congruence with these reports and reaffirmed that NTCP S267F is 

protective against HBV infection, the progression of HBV-related liver diseases and 

HBV-HDV coinfections. 
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4.2.1. NTCP S267F frequency distribution 

The distribution of SNPs in the NTCP varies on the ethnic background of a population 

(Choi et al., 2011, Pan et al., 2011). NTCP S267F variant (rs2296651, c.800C>T) is 

mostly found in Asia (Ho et al., 2004, Pan et al., 2011, Casillas et al., 2018); In other 

regions, the frequency of this allele varies considerably in different cohorts 

representing varied geographical areas (Pan et al., 2011, Peng et al., 2015, Hu et al., 

2016, Ezzikouri et al., 2017, Lee et al., 2017, Li et al., 2014, Zhang et al., 2017). In our 

study, we observed that 83.6% of healthy Vietnamese people (n=214) carry the 

wildtype genotype, NTCP S267F genotype CC, whereas the mutant (T) genotypes 

(CT and TT) (S267F) were observed in 15.9% and 0.5% of the healthy participants, 

respectively. The occurrence of NTCP S267F genotypes CT and TT (S267F) in the 

present study was slightly lower than reported in other Asian populations such as 

Chinese Han (20.4%) and Taiwanese (18.5%)(Peng et al., 2015, Hu et al., 2016), but 

higher than observed in Korea (5.7%) (Lee et al., 2017). As expected, we found that 

S267F were less frequent among HBV patients than healthy controls as previously 

reported (Pan et al., 2011, Li et al., 2014, Peng et al., 2015, Hu et al., 2016, Ezzikouri 

et al., 2017, Lee et al., 2017, Zhang et al., 2017). 

 

4.2.2. NTCP S267F and HBV  

Previous studies have shown that HBV-infected individuals carrying S267F have 

reduced susceptibility, 2-5-fold, to HBV chronicity (Peng et al., 2015, Hu et al., 2016, 

Lee et al., 2017). Our study corroborates these results (OR = 0.3, 95% CI = 0.19–

0.54). The protective effect of S267F against HBV infection has also been 

demonstrated in in vitro experiments, showing that in mixed cells at a 1:1 ratio of wild-

type NTCP and S267F at a 1:1 the efficiency of HBV infection was around 70%, 
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whereas the efficiency just reached below 10% in HepG2-S267F mutant cells (Yan et 

al., 2014). This clearly shows that the T allele of NTCP S267F could contribute towards 

HBV resistance. Similarly, we observed that the T allele of NTCP S267F reduced the 

risk of CHB (OR = 0.34). Even though it is evident that the NTCP S267F mutant may 

confer protection, the mechanism through which NTCP mutation blocks or reduces the 

interaction is not well understood (Yan et al., 2014).  

Consistent with previous findings, our data demonstrated that HBV-infected persons 

carrying S267F had a lower risk of developing LC or HCC. (Hu et al., 2016, Lee et al., 

2017, Wang et al., 2017). This indicate that S267F could be protecting HBV patients 

recruited in our study against advanced progression of LC and HCC (Child B and C 

vs. Child A, OR=0.26; and BCLC B, C, D vs. BCLC A, OR=0.38) and poor clinical 

outcome. The replacement of hydrophobic residue (phenylalanine) by a hydrophilic 

residue (serine), following NTCP S267F mutation, alters the structure of NTCP (Yan 

et al., 2012). The plausible outcome for this amino acid change is the reduction of 

NTCP function as a receptor for HBV and transportation of bile acid into hepatocytes 

(Ho et al., 2004). The NTCP S267F reduce the attachment of HBV to hepatocytes. 

Thus, explaining the reduced severity of HBV infections among S267F carriers. 

Impartment of bile acid uptake due to NTCP S267F mutation increases bile acid 

(taurocholate) levels in blood and trigger hepatic apoptosis. Accumulation of cytotoxic 

bile acids in the liver induce and sustain lifelong liver inflammation (Faubion et al., 

1999, Miyoshi et al., 1999, Ho et al., 2004). Whether reduced transportation of bile salt 

contributes towards protection against LC and HCC development is still unclear. 
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4.2.3. NTCP S267F and HDV  

The role of NTCP S267F mutation in HDV infection has not extensively investigated. 

So far, an in-vitro study revealed that HDV has impaired infectivity of liver cell lines 

carrying the S267F (Yan et al., 2014). To the best of our knowledge, we present the 

first clinical evidence of the impact of S267F on HDV infection. Our study showed that 

S267F carriers have lower risk of acquiring HDV infection relative to healthy controls 

(OR=0.17). This finding support the findings of in vitro experiment (Yan et al., 2014) 

and suggest that impaired binding of preS1 peptide to NTCP S267F variant could 

explain low HDV rate in individuals carrying S267F. The similarity in NTCP S267F 

allele frequency among HBV monoinfected and HBV/HDV coinfected patients in this 

study is not surprising since both HBV and HDV use the same mechanism to infect 

hepatic cells (Yan et al., 2014). 

 

4.3. SMYD3 levels and SMYD3 VNTR in HBV related liver diseases 

Alongside HBV infections, epigenetic modification in the host have associated with the 

occurrence of HCC (Ma et al., 2014, McCabe et al., 2017, Hoan et al., 2017). SMYD3 

is the main histone methyltransferase known to indirectly trigger oncogenesis. It does 

so by catalyzing methylation of histone H3-K4, in the presence HSP90α, which then 

activate transcription of oncogenes. SMYD3 is a potential contributing factor for many 

human cancers (Hamamoto et al., 2004, Hamamoto et al., 2006, Tsuge et al., 2005). 

However, there are no consensus on the association of SMYD3 gene with clinical HCC 

development. This is probably due to the existence of different liver disease etiologies 

(Tsuge et al., 2005, Wang et al., 2007, Fei et al., 2017, Li et al., 2018). In this study, 

we showed that VNTRs in the SMYD3 promoter, high SMYD3 serum levels and 

SMYD3 overexpression associates with HCC in HBV-infected individuals. 
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SMYD3 VNTRs have been described as a prominent factor in the development of HCC 

(Tsuge et al., 2005, Li et al., 2018). Apart from a study conducted by Wang et al, 

studies published so far demonstrate that the higher proportion of SMYD3 VNTR 3/3 

genotype in HCC patients than in controls (Tsuge et al., 2005, Wang et al., 2007, Li et 

al., 2018). Similarly, we found that SMYD3 VNTR three repeats allele and 3/3 

genotype were more frequent among HBV patients than in the healthy people. We 

also observed that SMYD3 homozygosity of three repeats was significantly more 

frequent among HCC patients relative to the healthy controls. Our findings therefore 

indicate that HBV-infected individuals who carry SMYD3 VNTR 3/3 genotype have 

nearly three-times higher risk of developing HCC (OR=2.9). Even though the 

mechanism underlying this observation is not well understood, the tandem repeat 

CCGCC has been reported to be a binding site for the transcription factor E2F-1 which 

triggers cell proliferation and may be a potential oncogenesis (Harbour and Dean, 

2000, Stevaux and Dyson, 2002, Tsuge et al., 2005, Muller and Helin, 2000). In view 

of this, increase in SMYD3 homozygosity of three tandem repeat CCGCC may 

strengthen the affinity of E2F-1 to SMYD3 promoter and enhance hepatic 

oncogenesis. 

Although several in vitro studies have demonstrated SMYD3 overexpression in HCC 

cell lines, (Chen et al., 2007, Yang et al., 2009, Hamamoto et al., 2004), it remains to 

be investigated whether SMYD3 serum levels influence the progression of HCC. Our 

study shows that SMYD3 serum levels increased the progression of HBV-related liver 

disease. HCC patients had higher SMYD3 levels than non-HCC patients whereas no 

significant difference of SMYD3 levels was observed among cirrhosis and non-

cirrhosis patients. The association of SMYD3 levels with HCC implies that SMYD3 

serum levels may be used as an additional marker for HCC diagnosis. Interestingly, 
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we only observed that the high SMYD3 serum levels among HCC patients were 

associated with SMYD3 genotype 3/3. These results therefore show that HCC cases 

are characterized by high SMYD3 levels and SMYD3 VNTR3/3 genotype. Based on 

these findings, we hypothesize that SMYD3 VNTR genotype 3/3 may increase the risk 

of developing HCC which is marked by high SMYD3 levels. Upregulation of SMYD3 

expression in HCC tissues is associated with poor HCC prognosis (Fei et al., 2017). 

Consistent with previous reports, our study showed that SMYD3 mRNA levels in HCC 

tumors were five times higher than that of adjacent non-tumor tissues. Our data 

provides additional evidence on the oncogenic activity of SMYD3 in HCC. In HBV 

infection, overexpression of SMYD3 may have resulted from the interaction of SMYD3 

with HBx proteins. Thus, supporting the occurrence of HCC (Guo et al., 2005, Yang et 

al., 2009, Hayashi et al., 2016). Although the association of either SMYD3 VNTR 3/3 

genotype or SMYD3 upregulation with HCC development is significant, the 

relationship between HBV and SMYD3 on hepatic diseases requires further 

investigations. 
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4. SUMMARY 

Despite the existence of an effective hepatitis B (HBV) vaccination program, HBV is 

highly endemic in many countries, including Vietnam. The burden of HBV is further 

aggravated by hepatitis delta virus, a satellite virus that co-occurs with hepatitis B. 

HDV/HBV coinfections constitute a global health burden and are associated with a 

higher risk of cirrhosis and liver cancer. In Vietnam, the prevalence of HBV infection 

is greater than 10%, suggesting a high prevalence of HDV infection in HBsAg positive 

patients. In addition, the host and viral factors were shown to associate with HDV/HBV 

clinical outcome and progression of HBV liver diseases. In this context, this 

dissertation investigated in a large Vietnamese cohort of HBV patients (i) the current 

epidemiological situation and clinical importance of circulating HDV genotypes among  

the Vietnamese population; (ii) the HBV entry receptor, sodium taurocholate co-

transporting polypeptide (NTCP) and their genetic association with HBV/HDV clinical 

outcome; (iii) the association of the SET and MYND domain-containing protein 3 

(SMYD3) gene with HBV-related liver diseases, particularly with hepatocellular 

carcinoma. This dissertation documents 13% HDV-RNA positivity among HBV-

infected patients and that HDV-RNA positivity was associated with liver cirrhosis in 

HDV/HBV co-infected patients, with HDV-1 being the predominant genotype in 

Vietnam. The S267F variant of NTCP exhibits protective effects against HBV and HDV 

infection and was associated with decreased susceptibility to HBV and HDV infection, 

as well as with a decreased occurrence of liver cirrhosis and liver cancer. Lastly, the 

investigations on SMYD3 suggest that the SMYD3 genotype VNTR 3/3 appears to 

increase the risk of hepatocellular carcinoma through increasing SMYD3 levels. The 

findings additionally support that upregulation of SMYD3 mRNA expression in tumor 

tissues correlates with the occurrence of hepatocellular carcinoma. Taken together, 
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these findings confirm a continuing high prevalence of HDV infection in hepatitis B 

patients in Vietnam and provide insights on an increased understanding of the host 

genetic factors influencing the HBV/HDV clinical outcome.  

5. ZUSAMMENFASSUNG 

Trotz des bereits bestehenden, wirksamen Hepatitis-B-Impfprogramms, ist HBV in 

vielen Ländern, einschließlich Vietnam, weit verbreitet. Die HBV Belastung wird weiter 

verschärft durch das Hepatitis-Delta-Virus (HDV), ein Satellitenvirus, das zusammen 

mit Hepatitis B auftritt. Diese Koinfektionen mit HDV/HBV stellen eine globale 

Gesundheitsbelastung dar und gehen mit einem höheren Risiko für Leberzirrhose und 

Leberkrebs einher. In Vietnam liegt die Prävalenz der HBV-Infektion bei über 10%, 

was auf eine hohe Prävalenz der HDV-Infektion bei HBsAg-positiven Patienten 

hinweist. Darüber hinaus wurde gezeigt, dass die Wirts- und Virusfaktoren mit dem 

klinischen Ausgang von HDV/HBV und dem Verlauf von HBV-Lebererkrankungen 

zusammenhängen. In diesem Kontext untersuchte diese Dissertation in einer 

umfangreichen vietnamesischen HBV-Patienten-Kohorte: (i) die aktuelle 

epidemiologische Situation und die klinische Bedeutung der Verbreitung von HDV-

Genotypen in der vietnamesischen Bevölkerung; (ii) den HBV-Eintrittsrezeptor, das 

Natriumtaurocholat-co-transportierende Polypeptid (NTCP), und deren genetische 

Assoziation mit dem klinischen Ergebnis von HBV / HDV; (iii) die Assoziation des SET 

and MYND domain-containing protein 3 (SMYD3)-Gens mit HBV-verwandten 

Lebererkrankungen, insbesondere dem Hepatozellulären Karzinom. Diese 

Dissertation dokumentiert 13% HDV-RNA-Positivität in HBV-infizierten Patienten und 

dass HDV-RNA-Positivität in Zusammenhang mit Leberzirrhose bei HDV/HBV-

koinfizierten Patienten steht, wobei in Vietnam HDV-1 der vorherrschende Genotyp 

ist. Die S267F Variante von NTCP, weist Schutzwirkungen gegen HBV- und HDV-
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Infektionen auf und assoziierte mit einer geringeren Anfälligkeit für HBV- und HDV-

Infektionen, sowie einem verringerten Auftreten von Leberzirrhose und Leberkrebs 

verbunden. Schließlich legen die Untersuchungen zu SMYD3 nahe, dass der SMYD3-

Genotyp VNTR 3/3 das Risiko für ein hepatozelluläres Karzinom, durch gesteigerte 

der SMYD3-Spiegel, zu steigern scheint. Die Ergebnisse legen weiterhin nahe, dass 

die Hochregulierung der SMYD3-mRNA-Expression in Tumorgeweben, mit dem 

Auftreten eines hepatozellulären Karzinoms korreliert. Zusammengefasst bestätigen 

diese Ergebnisse eine anhaltend hohe Prävalenz der HDV-Infektion bei Hepatitis B-

Patienten in Vietnam und liefern Erkenntnisse über ein besseres Verständnis der 

genetischen Faktoren des Wirts, die das klinische Ergebnis von HBV / HDV 

beeinflussen.



 72 

6. BIBLIOGRAPHY 

ABBAS, Z. & AFZAL, R. 2013. Life cycle and pathogenesis of hepatitis D virus: A 
review. World J Hepatol, 5, 666-75. 

ALFAIATE, D., DENY, P. & DURANTEL, D. 2015. Hepatitis delta virus: From 
biological and medical aspects to current and investigational therapeutic 
options. Antiviral Res, 122, 112-29. 

ALVARADO-MORA, M. V., LOCARNINI, S., RIZZETTO, M. & PINHO, J. R. 2013. An 
update on HDV: virology, pathogenesis and treatment. Antivir Ther, 18, 541-8. 

ALVARADO-MORA, M. V., ROMANO, C. M., GOMES-GOUVEA, M. S., 
GUTIERREZ, M. F., CARRILHO, F. J. & PINHO, J. R. 2011. Dynamics of 
hepatitis D (delta) virus genotype 3 in the Amazon region of South America. 
Infect Genet Evol, 11, 1462-8. 

ANDERNACH, I. E., LEISS, L. V., TARNAGDA, Z. S., TAHITA, M. C., OTEGBAYO, 
J. A., FORBI, J. C., OMILABU, S., GOUANDJIKA-VASILACHE, I., KOMAS, 
N. P., MBAH, O. P. & MULLER, C. P. 2014. Characterization of hepatitis delta 
virus in sub-Saharan Africa. J Clin Microbiol, 52, 1629-36. 

ARAUZ-RUIZ, P., NORDER, H., VISONA, K. A. & MAGNIUS, L. O. 1997. Genotype 
F prevails in HBV infected patients of hispanic origin in Central America and 
may carry the precore stop mutant. J Med Virol, 51, 305-12. 

BAATARKHUU, O., UUGANTSETSEG, G., MUNKH-ORSHIKH, D., NARANZUL, N., 
BADAMJAV, S., TSERENDAGVA, D., AMARSANAA, J. & DO YOUNG, K. 
2017. Viral Hepatitis and Liver Diseases in Mongolia. Euroasian J 
Hepatogastroenterol, 7, 68-72. 

BARROS, L. M., GOMES-GOUVEA, M. S., PINHO, J. R., ALVARADO-MORA, M. 
V., DOS SANTOS, A., MENDES-CORREA, M. C., CALDAS, A. J., SOUSA, 
M. T., SANTOS, M. D. & FERREIRA, A. S. 2011. Hepatitis Delta virus 
genotype 8 infection in Northeast Brazil: inheritance from African slaves? 
Virus Res, 160, 333-9. 

BARTENSCHLAGER, R., JUNKER-NIEPMANN, M. & SCHALLER, H. 1990. The P 
gene product of hepatitis B virus is required as a structural component for 
genomic RNA encapsidation. J Virol, 64, 5324-32. 

BAZINET, M., PANTEA, V., CEBOTARESCU, V., COJUHARI, L., JIMBEI, P., 
ALBRECHT, J., SCHMID, P., LE GAL, F., GORDIEN, E., KRAWCZYK, A., 
MIJOCEVIC, H., KARIMZADEH, H., ROGGENDORF, M. & VAILLANT, A. 
2017. Safety and efficacy of REP 2139 and pegylated interferon alfa-2a for 
treatment-naive patients with chronic hepatitis B virus and hepatitis D virus 
co-infection (REP 301 and REP 301-LTF): a non-randomised, open-label, 
phase 2 trial. Lancet Gastroenterol Hepatol, 2, 877-889. 

BEASLEY, R. P. 2009. Rocks along the road to the control of HBV and HCC. Ann 
Epidemiol, 19, 231-4. 

BOCK, C. T., SCHRANZ, P., SCHRODER, C. H. & ZENTGRAF, H. 1994. Hepatitis 
B virus genome is organized into nucleosomes in the nucleus of the infected 
cell. Virus Genes, 8, 215-29. 

BOCK, C. T., SCHWINN, S., LOCARNINI, S., FYFE, J., MANNS, M. P., 
TRAUTWEIN, C. & ZENTGRAF, H. 2001. Structural organization of the 
hepatitis B virus minichromosome. J Mol Biol, 307, 183-96. 

BONILLA GUERRERO, R. & ROBERTS, L. R. 2005. The role of hepatitis B virus 
integrations in the pathogenesis of human hepatocellular carcinoma. J 
Hepatol, 42, 760-77. 



 73 

BOTELHO-SOUZA, L. F., VASCONCELOS, M. P. A., DOS SANTOS, A. O., 
SALCEDO, J. M. V. & VIEIRA, D. S. 2017. Hepatitis delta: virological and 
clinical aspects. Virol J, 14, 177. 

BRAY, F., FERLAY, J., SOERJOMATARAM, I., SIEGEL, R. L., TORRE, L. A. & 
JEMAL, A. 2018. Global cancer statistics 2018: GLOBOCAN estimates of 
incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer 
J Clin, 68, 394-424. 

CALLE SERRANO, B., GROSSHENNIG, A., HEIDRICH, B., JAROSZEWICZ, J., 
KIRSCHNER, J., BREMER, B., CORNBERG, M., MANNS, M. P. & 
WEDEMEYER, H. 2011. 358 COMPARING THE LONG-TERM OUTCOME 
OF HEPATITIS DELTA AND HBV MONOINFECTION: IS HDV-INFECTION 
REALLY WORSE? Journal of Hepatology, 54, S144. 

CASEY, J. L. 2012. Control of ADAR1 editing of hepatitis delta virus RNAs. Curr Top 
Microbiol Immunol, 353, 123-43. 

CASILLAS, R., TABERNERO, D., GREGORI, J., BELMONTE, I., CORTESE, M. F., 
GONZALEZ, C., RIVEIRO-BARCIELA, M., LOPEZ, R. M., QUER, J., 
ESTEBAN, R., BUTI, M. & RODRIGUEZ-FRIAS, F. 2018. Analysis of hepatitis 
B virus preS1 variability and prevalence of the rs2296651 polymorphism in a 
Spanish population. World J Gastroenterol, 24, 680-692. 

CHANG, M. H. 2006. Impact of hepatitis B vaccination on hepatitis B disease and 
nucleic acid testing in high-prevalence populations. J Clin Virol, 36 Suppl 1, 
S45-50. 

CHEN, B. F. 2018. Hepatitis B virus pre-S/S variants in liver diseases. World J 
Gastroenterol, 24, 1507-1520. 

CHEN, L., LI, Y., LIN, C. H., CHAN, T. H., CHOW, R. K., SONG, Y., LIU, M., YUAN, 
Y. F., FU, L., KONG, K. L., QI, L., LI, Y., ZHANG, N., TONG, A. H., KWONG, 
D. L., MAN, K., LO, C. M., LOK, S., TENEN, D. G. & GUAN, X. Y. 2013a. 
Recoding RNA editing of AZIN1 predisposes to hepatocellular carcinoma. Nat 
Med, 19, 209-16. 

CHEN, L. B., XU, J. Y., YANG, Z. & WANG, G. B. 2007. Silencing SMYD3 in 
hepatoma demethylates RIZI promoter induces apoptosis and inhibits cell 
proliferation and migration. World J Gastroenterol, 13, 5718-24. 

CHEN, Y., WANG, L., XU, H., LIU, X. & ZHAO, Y. 2013b. Exome capture 
sequencing reveals new insights into hepatitis B virus-induced hepatocellular 
carcinoma at the early stage of tumorigenesis. Oncol Rep, 30, 1906-12. 

CHOI, M. K., SHIN, H. J., CHOI, Y. L., DENG, J. W., SHIN, J. G. & SONG, I. S. 
2011. Differential effect of genetic variants of Na(+)-taurocholate co-
transporting polypeptide (NTCP) and organic anion-transporting polypeptide 
1B1 (OATP1B1) on the uptake of HMG-CoA reductase inhibitors. Xenobiotica, 
41, 24-34. 

CHOU, H. C., HSIEH, T. Y., SHEU, G. T. & LAI, M. M. 1998. Hepatitis delta antigen 
mediates the nuclear import of hepatitis delta virus RNA. J Virol, 72, 3684-90. 

CLARO DA SILVA, T., POLLI, J. E. & SWAAN, P. W. 2013. The solute carrier family 
10 (SLC10): beyond bile acid transport. Mol Aspects Med, 34, 252-69. 

DORING, B., LUTTEKE, T., GEYER, J. & PETZINGER, E. 2012. The SLC10 carrier 
family: transport functions and molecular structure. Curr Top Membr, 70, 105-
68. 

DUNFORD, L., CARR, M. J., DEAN, J., NGUYEN, L. T., TA THI, T. H., NGUYEN, B. 
T., CONNELL, J., COUGHLAN, S., NGUYEN, H. T., HALL, W. W. & THI, L. A. 



 74 

2012. A multicentre molecular analysis of hepatitis B and blood-borne virus 
coinfections in Viet Nam. PLoS One, 7, e39027. 

EZZIKOURI, S., CHIHAB, H., ELHABAZI, A., WAKRIM, L. & BENJELLOUN, S. 
2017. Lack of Ser267Phe variant of sodium taurocholate cotransporting 
polypeptide among Moroccans regardless of hepatitis B virus infection status. 
BMC Infect Dis, 17, 99. 

FATTOVICH, G. 2003. Natural history and prognosis of hepatitis B. Semin Liver Dis, 
23, 47-58. 

FATTOVICH, G., BOSCARO, S., NOVENTA, F., PORNARO, E., STENICO, D., 
ALBERTI, A., RUOL, A. & REALDI, G. 1987. Influence of hepatitis delta virus 
infection on progression to cirrhosis in chronic hepatitis type B. J Infect Dis, 
155, 931-5. 

FATTOVICH, G., GIUSTINA, G., CHRISTENSEN, E., PANTALENA, M., ZAGNI, I., 
REALDI, G. & SCHALM, S. W. 2000. Influence of hepatitis delta virus 
infection on morbidity and mortality in compensated cirrhosis type B. The 
European Concerted Action on Viral Hepatitis (Eurohep). Gut, 46, 420-6. 

FAUBION, W. A., GUICCIARDI, M. E., MIYOSHI, H., BRONK, S. F., ROBERTS, P. 
J., SVINGEN, P. A., KAUFMANN, S. H. & GORES, G. J. 1999. Toxic bile 
salts induce rodent hepatocyte apoptosis via direct activation of Fas. J Clin 
Invest, 103, 137-45. 

FEI, X., MA, Y., LIU, X. & MENG, Z. 2017. Overexpression of SMYD3 Is Predictive 
of Unfavorable Prognosis in Hepatocellular Carcinoma. Tohoku J Exp Med, 
243, 219-226. 

FEITELSON, M. A., BONAMASSA, B. & ARZUMANYAN, A. 2014. The roles of 
hepatitis B virus-encoded X protein in virus replication and the pathogenesis 
of chronic liver disease. Expert Opin Ther Targets, 18, 293-306. 

FOUILLOT, N., TLOUZEAU, S., ROSSIGNOL, J. M. & JEAN-JEAN, O. 1993. 
Translation of the hepatitis B virus P gene by ribosomal scanning as an 
alternative to internal initiation. J Virol, 67, 4886-95. 

GALLINA, A., BONELLI, F., ZENTILIN, L., RINDI, G., MUTTINI, M. & MILANESI, G. 
1989. A recombinant hepatitis B core antigen polypeptide with the protamine-
like domain deleted self-assembles into capsid particles but fails to bind 
nucleic acids. J Virol, 63, 4645-52. 

GLENN, J. S. 2006. Prenylation of HDAg and antiviral drug development. Curr Top 
Microbiol Immunol, 307, 133-49. 

GLENN, J. S., WATSON, J. A., HAVEL, C. M. & WHITE, J. M. 1992. Identification of 
a prenylation site in delta virus large antigen. Science, 256, 1331-3. 

GLOBOCAN 2018. The cancer rates in Vietnam. Fact sheets. 
GRABOWSKI, J. & WEDEMEYER, H. 2010. Hepatitis delta: immunopathogenesis 

and clinical challenges. Dig Dis, 28, 133-8. 
GROC, S., ABBATE, J. L., LE GAL, F., GERBER, A., TUAILLON, E., ALBERT, J. L., 

NKOGHE, D., LEROY, E. M., ROCHE, B. & BECQUART, P. 2019. High 
prevalence and diversity of hepatitis B and hepatitis delta virus in Gabon. J 
Viral Hepat, 26, 170-182. 

GUDIMA, S., HE, Y., MEIER, A., CHANG, J., CHEN, R., JARNIK, M., NICOLAS, E., 
BRUSS, V. & TAYLOR, J. 2007. Assembly of hepatitis delta virus: particle 
characterization, including the ability to infect primary human hepatocytes. J 
Virol, 81, 3608-17. 

GUILLOT, C., MARTEL, N., BERBY, F., BORDES, I., HANTZ, O., BLANCHET, M., 
SUREAU, C., VAILLANT, A. & CHEMIN, I. 2017. Inhibition of hepatitis B viral 



 75 

entry by nucleic acid polymers in HepaRG cells and primary human 
hepatocytes. PLoS One, 12, e0179697. 

GUO, L., GUO, Y., XIAO, S. & SHI, X. 2005. Protein kinase p-JNK is correlated with 
the activation of AP-1 and its associated Jun family proteins in hepatocellular 
carcinoma. Life Sci, 77, 1869-78. 

HALL, N., THUY, L. N., DIEM TDO, T., WATERS, A., DUNFORD, L., CONNELL, J., 
CARR, M., HALL, W. & THI, L. A. 2015. High prevalence of hepatitis delta 
virus among persons who inject drugs, Vietnam. Emerg Infect Dis, 21, 540-3. 

HAMAMOTO, R., FURUKAWA, Y., MORITA, M., IIMURA, Y., SILVA, F. P., LI, M., 
YAGYU, R. & NAKAMURA, Y. 2004. SMYD3 encodes a histone 
methyltransferase involved in the proliferation of cancer cells. Nat Cell Biol, 6, 
731-40. 

HAMAMOTO, R., SILVA, F. P., TSUGE, M., NISHIDATE, T., KATAGIRI, T., 
NAKAMURA, Y. & FURUKAWA, Y. 2006. Enhanced SMYD3 expression is 
essential for the growth of breast cancer cells. Cancer Sci, 97, 113-8. 

HARBOUR, J. W. & DEAN, D. C. 2000. The Rb/E2F pathway: expanding roles and 
emerging paradigms. Genes Dev, 14, 2393-409. 

HAYASHI, M., DENG, L., CHEN, M., GAN, X., SHINOZAKI, K., SHOJI, I. & HOTTA, 
H. 2016. Interaction of the hepatitis B virus X protein with the lysine 
methyltransferase SET and MYND domain-containing 3 induces activator 
protein 1 activation. Microbiol Immunol, 60, 17-25. 

HEIDRICH, B., YURDAYDIN, C., KABACAM, G., RATSCH, B. A., ZACHOU, K., 
BREMER, B., DALEKOS, G. N., ERHARDT, A., TABAK, F., YALCIN, K., 
GUREL, S., ZEUZEM, S., CORNBERG, M., BOCK, C. T., MANNS, M. P., 
WEDEMEYER, H. & GROUP, H.-S. 2014. Late HDV RNA relapse after 
peginterferon alpha-based therapy of chronic hepatitis delta. Hepatology, 60, 
87-97. 

HO, R. H., LEAKE, B. F., ROBERTS, R. L., LEE, W. & KIM, R. B. 2004. Ethnicity-
dependent polymorphism in Na+-taurocholate cotransporting polypeptide 
(SLC10A1) reveals a domain critical for bile acid substrate recognition. J Biol 
Chem, 279, 7213-22. 

HOAN, N. X., VAN TONG, H., GIANG, D. P., CUONG, B. K., TOAN, N. L., 
WEDEMEYER, H., BOCK, C. T., KREMSNER, P. G., SONG, L. H. & 
VELAVAN, T. P. 2017. SOCS3 genetic variants and promoter 
hypermethylation in patients with chronic hepatitis B. Oncotarget, 8, 17127-
17139. 

HOHLER, T., REUSS, E., EVERS, N., DIETRICH, E., RITTNER, C., FREITAG, C. 
M., VOLLMAR, J., SCHNEIDER, P. M. & FIMMERS, R. 2002. Differential 
genetic determination of immune responsiveness to hepatitis B surface 
antigen and to hepatitis A virus: a vaccination study in twins. Lancet, 360, 
991-5. 

HU, H. H., LIU, J., LIN, Y. L., LUO, W. S., CHU, Y. J., CHANG, C. L., JEN, C. L., 
LEE, M. H., LU, S. N., WANG, L. Y., YOU, S. L., YANG, H. I., CHEN, C. J. & 
GROUP, R.-H. S. 2016. The rs2296651 (S267F) variant on NTCP (SLC10A1) 
is inversely associated with chronic hepatitis B and progression to cirrhosis 
and hepatocellular carcinoma in patients with chronic hepatitis B. Gut, 65, 
1514-21. 

HUANG, J., DENG, Q., WANG, Q., LI, K. Y., DAI, J. H., LI, N., ZHU, Z. D., ZHOU, 
B., LIU, X. Y., LIU, R. F., FEI, Q. L., CHEN, H., CAI, B., ZHOU, B., XIAO, H. 



 76 

S., QIN, L. X. & HAN, Z. G. 2012. Exome sequencing of hepatitis B virus-
associated hepatocellular carcinoma. Nat Genet, 44, 1117-21. 

HUANG, L. & XU, A. M. 2017. SET and MYND domain containing protein 3 in 
cancer. Am J Transl Res, 9, 1-14. 

HUANG, W. H., CHEN, Y. S. & CHEN, P. J. 2008. Nucleolar targeting of hepatitis 
delta antigen abolishes its ability to initiate viral antigenomic RNA replication. 
J Virol, 82, 692-9. 

HUGHES, S. A., WEDEMEYER, H. & HARRISON, P. M. 2011. Hepatitis delta virus. 
Lancet, 378, 73-85. 

HWANG, S. B. & LAI, M. M. 1993. Isoprenylation mediates direct protein-protein 
interactions between hepatitis large delta antigen and hepatitis B virus surface 
antigen. J Virol, 67, 7659-62. 

JEFFERIES, M., RAUFF, B., RASHID, H., LAM, T. & RAFIQ, S. 2018. Update on 
global epidemiology of viral hepatitis and preventive strategies. World J Clin 
Cases, 6, 589-599. 

KABACAM, G., ONDER, F. O., YAKUT, M., SEVEN, G., KARATAYLI, S. C., 
KARATAYLI, E., SAVAS, B., IDILMAN, R., BOZDAYI, A. M. & YURDAYDIN, 
C. 2012. Entecavir treatment of chronic hepatitis D. Clin Infect Dis, 55, 645-
50. 

KAN, Z., ZHENG, H., LIU, X., LI, S., BARBER, T. D., GONG, Z., GAO, H., HAO, K., 
WILLARD, M. D., XU, J., HAUPTSCHEIN, R., REJTO, P. A., FERNANDEZ, 
J., WANG, G., ZHANG, Q., WANG, B., CHEN, R., WANG, J., LEE, N. P., 
ZHOU, W., LIN, Z., PENG, Z., YI, K., CHEN, S., LI, L., FAN, X., YANG, J., 
YE, R., JU, J., WANG, K., ESTRELLA, H., DENG, S., WEI, P., QIU, M., 
WULUR, I. H., LIU, J., EHSANI, M. E., ZHANG, C., LOBODA, A., SUNG, W. 
K., AGGARWAL, A., POON, R. T., FAN, S. T., WANG, J., HARDWICK, J., 
REINHARD, C., DAI, H., LI, Y., LUK, J. M. & MAO, M. 2013. Whole-genome 
sequencing identifies recurrent mutations in hepatocellular carcinoma. 
Genome Res, 23, 1422-33. 

KEASLER, V. V., HODGSON, A. J., MADDEN, C. R. & SLAGLE, B. L. 2007. 
Enhancement of hepatitis B virus replication by the regulatory X protein in 
vitro and in vivo. J Virol, 81, 2656-62. 

KOMATSU, H. 2014. Hepatitis B virus: where do we stand and what is the next step 
for eradication? World J Gastroenterol, 20, 8998-9016. 

KOWDLEY, K. V., WANG, C. C., WELCH, S., ROBERTS, H. & BROSGART, C. L. 
2012. Prevalence of chronic hepatitis B among foreign-born persons living in 
the United States by country of origin. Hepatology, 56, 422-33. 

KUNIZAKI, M., HAMAMOTO, R., SILVA, F. P., YAMAGUCHI, K., NAGAYASU, T., 
SHIBUYA, M., NAKAMURA, Y. & FURUKAWA, Y. 2007. The lysine 831 of 
vascular endothelial growth factor receptor 1 is a novel target of methylation 
by SMYD3. Cancer Res, 67, 10759-65. 

LAI, M. M. 2005. RNA replication without RNA-dependent RNA polymerase: 
surprises from hepatitis delta virus. J Virol, 79, 7951-8. 

LE GAL, F., GAULT, E., RIPAULT, M. P., SERPAGGI, J., TRINCHET, J. C., 
GORDIEN, E. & DENY, P. 2006. Eighth major clade for hepatitis delta virus. 
Emerg Infect Dis, 12, 1447-50. 

LE SEYEC, J., CHOUTEAU, P., CANNIE, I., GUGUEN-GUILLOUZO, C. & GRIPON, 
P. 1999. Infection process of the hepatitis B virus depends on the presence of 
a defined sequence in the pre-S1 domain. J Virol, 73, 2052-7. 



 77 

LEE, C. H., CHANG, S. C., WU, C. H. & CHANG, M. F. 2001. A novel chromosome 
region maintenance 1-independent nuclear export signal of the large form of 
hepatitis delta antigen that is required for the viral assembly. J Biol Chem, 
276, 8142-8. 

LEE, H. W., PARK, H. J., JIN, B., DEZHBORD, M., KIM, D. Y., HAN, K. H., RYU, W. 
S., KIM, S. & AHN, S. H. 2017. Effect of S267F variant of NTCP on the 
patients with chronic hepatitis B. Sci Rep, 7, 17634. 

LEE, M. H., YANG, H. I., LIU, J., BATRLA-UTERMANN, R., JEN, C. L., ILOEJE, U. 
H., LU, S. N., YOU, S. L., WANG, L. Y., CHEN, C. J. & GROUP, R. E. V. E. A. 
L. H. S. 2013. Prediction models of long-term cirrhosis and hepatocellular 
carcinoma risk in chronic hepatitis B patients: risk scores integrating host and 
virus profiles. Hepatology, 58, 546-54. 

LI, N., ZHANG, P., YANG, C., ZHU, Q., LI, Z., LI, F., HAN, Q., WANG, Y., LV, Y., 
WEI, P. & LIU, Z. 2014. Association of genetic variation of sodium 
taurocholate cotransporting polypeptide with chronic hepatitis B virus 
infection. Genet Test Mol Biomarkers, 18, 425-9. 

LI, R. D., TANG, Y. H., WANG, H. L., YANG, D., SUN, L. J. & LI, W. 2018. The 
SMYD3 VNTR 3/3 polymorphism confers an increased risk and poor 
prognosis of hepatocellular carcinoma in a Chinese population. Pathol Res 
Pract, 214, 625-630. 

LIANG, T. J. 2009. Hepatitis B: the virus and disease. Hepatology, 49, S13-21. 
LIAW, Y. F. & CHU, C. M. 2009. Hepatitis B virus infection. Lancet, 373, 582-92. 
LIN, H. H., LEE, S. S., YU, M. L., CHANG, T. T., SU, C. W., HU, B. S., CHEN, Y. S., 

HUANG, C. K., LAI, C. H., LIN, J. N. & WU, J. C. 2015. Changing hepatitis D 
virus epidemiology in a hepatitis B virus endemic area with a national 
vaccination program. Hepatology, 61, 1870-9. 

LIN, T. M., CHEN, C. J., WU, M. M., YANG, C. S., CHEN, J. S., LIN, C. C., KWANG, 
T. Y., HSU, S. T., LIN, S. Y. & HSU, L. C. 1989. Hepatitis B virus markers in 
Chinese twins. Anticancer Res, 9, 737-41. 

LIU C-J, K. J.-H., CHEN D-S 2005. Therapeutic implications of hepatitis B virus 
genotypes. Liver International, 1097-1107. 

LIU, J. & FAN, D. 2007. Hepatitis B in China. Lancet, 369, 1582-3. 
LIU, T. T., XU, H., GAO, W. P., ZHANG, S. X., ZHOU, X. H., TANG, J. & LIU, Q. N. 

2016. SET and MYND Domain-Containing Protein 3 (SMYD3) Polymorphism 
as a Risk Factor for Susceptibility and Poor Prognosis in Ovarian Cancer. 
Med Sci Monit, 22, 5131-5140. 

LIU, Y., DENG, J., LUO, X., PAN, Y., ZHANG, L., ZHANG, R. & LIANG, H. 2015. 
Overexpression of SMYD3 was associated with increased STAT3 activation in 
gastric cancer. Med Oncol, 32, 404. 

LOCARNINI, S. A. & YUEN, L. 2010. Molecular genesis of drug-resistant and 
vaccine-escape HBV mutants. Antivir Ther, 15, 451-61. 

LOK, A. S. & MCMAHON, B. J. 2007. Chronic hepatitis B. Hepatology, 45, 507-39. 
LUO, X. G., XI, T., GUO, S., LIU, Z. P., WANG, N., JIANG, Y. & ZHANG, T. C. 2009. 

Effects of SMYD3 overexpression on transformation, serum dependence, and 
apoptosis sensitivity in NIH3T3 cells. IUBMB Life, 61, 679-84. 

LUSIDA, M. I., SURAYAH, SAKUGAWA, H., NAGANO-FUJII, M., SOETJIPTO, 
MULYANTO, HANDAJANI, R., BOEDIWARSONO, SETIAWAN, P. B., 
NIDOM, C. A., OHGIMOTO, S. & HOTTA, H. 2003. Genotype and subtype 
analyses of hepatitis B virus (HBV) and possible co-infection of HBV and 
hepatitis C virus (HCV) or hepatitis D virus (HDV) in blood donors, patients 



 78 

with chronic liver disease and patients on hemodialysis in Surabaya, 
Indonesia. Microbiol Immunol, 47, 969-75. 

MA, L., CHUA, M. S., ANDRISANI, O. & SO, S. 2014. Epigenetics in hepatocellular 
carcinoma: an update and future therapy perspectives. World J Gastroenterol, 
20, 333-45. 

MACLACHLAN, J. H., ALLARD, N., TOWELL, V. & COWIE, B. C. 2013. The burden 
of chronic hepatitis B virus infection in Australia, 2011. Aust N Z J Public 
Health, 37, 416-22. 

MACLACHLAN, J. H. & COWIE, B. C. 2015. Hepatitis B virus epidemiology. Cold 
Spring Harb Perspect Med, 5, a021410. 

MACNAUGHTON, T. B. & LAI, M. M. 2002. Genomic but not antigenomic hepatitis 
delta virus RNA is preferentially exported from the nucleus immediately after 
synthesis and processing. J Virol, 76, 3928-35. 

MAZUR, P. K., REYNOIRD, N., KHATRI, P., JANSEN, P. W., WILKINSON, A. W., 
LIU, S., BARBASH, O., VAN ALLER, G. S., HUDDLESTON, M., DHANAK, D., 
TUMMINO, P. J., KRUGER, R. G., GARCIA, B. A., BUTTE, A. J., 
VERMEULEN, M., SAGE, J. & GOZANI, O. 2014. SMYD3 links lysine 
methylation of MAP3K2 to Ras-driven cancer. Nature, 510, 283-7. 

MCALEER, W. J., BUYNAK, E. B., MAIGETTER, R. Z., WAMPLER, D. E., MILLER, 
W. J. & HILLEMAN, M. R. 1984. Human hepatitis B vaccine from recombinant 
yeast. Nature, 307, 178-80. 

MCCABE, M. T., MOHAMMAD, H. P., BARBASH, O. & KRUGER, R. G. 2017. 
Targeting Histone Methylation in Cancer. Cancer J, 23, 292-301. 

MCMAHON, B. J. 2009. The natural history of chronic hepatitis B virus infection. 
Hepatology, 49, S45-55. 

MEIRELES, L. C., MARINHO, R. T. & VAN DAMME, P. 2015. Three decades of 
hepatitis B control with vaccination. World J Hepatol, 7, 2127-32. 

MIYOSHI, H., RUST, C., ROBERTS, P. J., BURGART, L. J. & GORES, G. J. 1999. 
Hepatocyte apoptosis after bile duct ligation in the mouse involves Fas. 
Gastroenterology, 117, 669-77. 

MORIKAWA, K., SUDA, G. & SAKAMOTO, N. 2016. Viral life cycle of hepatitis B 
virus: Host factors and druggable targets. Hepatol Res, 46, 871-7. 

MULLER, H. & HELIN, K. 2000. The E2F transcription factors: key regulators of cell 
proliferation. Biochim Biophys Acta, 1470, M1-12. 

MUMTAZ, K., AHMED, U. S., MEMON, S., KHAWAJA, A., USMANI, M. T., 
MOATTER, T., HAMID, S. & JAFRI, W. 2011. Virological and clinical 
characteristics of hepatitis delta virus in South Asia. Virol J, 8, 312. 

NEGRO, F. 2014. Hepatitis D virus coinfection and superinfection. Cold Spring Harb 
Perspect Med, 4, a021550. 

NEUVEUT, C., WEI, Y. & BUENDIA, M. A. 2010. Mechanisms of HBV-related 
hepatocarcinogenesis. J Hepatol, 52, 594-604. 

NGUYEN, H. M., SY, B. T., TRUNG, N. T., HOAN, N. X., WEDEMEYER, H., 
VELAVAN, T. P. & BOCK, C. T. 2017. Prevalence and genotype distribution 
of hepatitis delta virus among chronic hepatitis B carriers in Central Vietnam. 
PLoS One, 12, e0175304. 

NGUYEN, V. T. 2012. Hepatitis B infection in Vietnam: current issues and future 
challenges. Asia Pac J Public Health, 24, 361-73. 

NGUYEN, V. T., LAW, M. G. & DORE, G. J. 2008. An enormous hepatitis B virus-
related liver disease burden projected in Vietnam by 2025. Liver Int, 28, 525-
31. 



 79 

NI, Y., LEMPP, F. A., MEHRLE, S., NKONGOLO, S., KAUFMAN, C., FALTH, M., 
STINDT, J., KONIGER, C., NASSAL, M., KUBITZ, R., SULTMANN, H. & 
URBAN, S. 2014. Hepatitis B and D viruses exploit sodium taurocholate co-
transporting polypeptide for species-specific entry into hepatocytes. 
Gastroenterology, 146, 1070-83. 

NIRO, G. A., CIANCIO, A., TILLMAN, H. L., LAGGET, M., OLIVERO, A., PERRI, F., 
FONTANA, R., LITTLE, N., CAMPBELL, F., SMEDILE, A., MANNS, M. P., 
ANDRIULLI, A. & RIZZETTO, M. 2005a. Lamivudine therapy in chronic delta 
hepatitis: a multicentre randomized-controlled pilot study. Aliment Pharmacol 
Ther, 22, 227-32. 

NIRO, G. A., ROSINA, F. & RIZZETTO, M. 2005b. Treatment of hepatitis D. J Viral 
Hepat, 12, 2-9. 

NOORDEEN, F., VAILLANT, A. & JILBERT, A. R. 2013. Nucleic acid polymers 
prevent the establishment of duck hepatitis B virus infection in vivo. 
Antimicrob Agents Chemother, 57, 5299-306. 

NORDER, H., COUROUCE, A. M., COURSAGET, P., ECHEVARRIA, J. M., LEE, S. 
D., MUSHAHWAR, I. K., ROBERTSON, B. H., LOCARNINI, S. & MAGNIUS, 
L. O. 2004. Genetic diversity of hepatitis B virus strains derived worldwide: 
genotypes, subgenotypes, and HBsAg subtypes. Intervirology, 47, 289-309. 

NOUREDDIN, M. & GISH, R. 2014. Hepatitis delta: epidemiology, diagnosis and 
management 36 years after discovery. Curr Gastroenterol Rep, 16, 365. 

OSIOWY, C., ANDONOV, A., FONSECA, K., SWIDINSKY, K., GILES, E., MASON, 
A. & COFFIN, C. S. 2017. Transmission of hepatitis D virus between spouses: 
A longitudinal study of the first reported Canadian case. IDCases, 8, 37-41. 

OTT, J. J., STEVENS, G. A., GROEGER, J. & WIERSMA, S. T. 2012. Global 
epidemiology of hepatitis B virus infection: new estimates of age-specific 
HBsAg seroprevalence and endemicity. Vaccine, 30, 2212-9. 

PAN, C. Q. & ZHANG, J. X. 2005. Natural History and Clinical Consequences of 
Hepatitis B Virus Infection. Int J Med Sci, 2, 36-40. 

PAN, W., SONG, I. S., SHIN, H. J., KIM, M. H., CHOI, Y. L., LIM, S. J., KIM, W. Y., 
LEE, S. S. & SHIN, J. G. 2011. Genetic polymorphisms in Na+-taurocholate 
co-transporting polypeptide (NTCP) and ileal apical sodium-dependent bile 
acid transporter (ASBT) and ethnic comparisons of functional variants of 
NTCP among Asian populations. Xenobiotica, 41, 501-10. 

PASCARELLA, S. & NEGRO, F. 2011. Hepatitis D virus: an update. Liver Int, 31, 7-
21. 

PENG, L., ZHAO, Q., LI, Q., LI, M., LI, C., XU, T., JING, X., ZHU, X., WANG, Y., LI, 
F., LIU, R., ZHONG, C., PAN, Q., ZENG, B., LIAO, Q., HU, B., HU, Z. X., 
HUANG, Y. S., SHAM, P., LIU, J., XU, S., WANG, J., GAO, Z. L. & WANG, Y. 
2015. The p.Ser267Phe variant in SLC10A1 is associated with resistance to 
chronic hepatitis B. Hepatology, 61, 1251-60. 

PEREZ, V. 2007. Viral hepatitis: historical perspectives from the 20th to the 21st 
century. Arch Med Res, 38, 593-605. 

PETERSEN, J., THOMPSON, A. J. & LEVRERO, M. 2016. Aiming for cure in HBV 
and HDV infection. J Hepatol, 65, 835-848. 

POLLICINO, T., CACCIOLA, I., SAFFIOTI, F. & RAIMONDO, G. 2014. Hepatitis B 
virus PreS/S gene variants: pathobiology and clinical implications. J Hepatol, 
61, 408-17. 

POLLICINO, T., SAITTA, C. & RAIMONDO, G. 2011. Hepatocellular carcinoma: the 
point of view of the hepatitis B virus. Carcinogenesis, 32, 1122-32. 



 80 

PONZETTO, A., HOYER, B. H., POPPER, H., ENGLE, R., PURCELL, R. H. & 
GERIN, J. L. 1987. Titration of the infectivity of hepatitis D virus in 
chimpanzees. J Infect Dis, 155, 72-8. 

PREVENTION, C. F. D. C. A. 2018. Hepatitis B. 
REHERMANN, B. & NASCIMBENI, M. 2005. Immunology of hepatitis B virus and 

hepatitis C virus infection. Nat Rev Immunol, 5, 215-29. 
RIZZETTO, M. 2015. Hepatitis D Virus: Introduction and Epidemiology. Cold Spring 

Harb Perspect Med, 5, a021576. 
RIZZETTO, M. 2018. Targeting Hepatitis D. Semin Liver Dis, 38, 66-72. 
RIZZETTO, M., CANESE, M. G., ARICO, S., CRIVELLI, O., TREPO, C., BONINO, F. 

& VERME, G. 1977. Immunofluorescence detection of new antigen-antibody 
system (delta/anti-delta) associated to hepatitis B virus in liver and in serum of 
HBsAg carriers. Gut, 18, 997-1003. 

ROMEO, R., DEL NINNO, E., RUMI, M., RUSSO, A., SANGIOVANNI, A., DE 
FRANCHIS, R., RONCHI, G. & COLOMBO, M. 2009. A 28-year study of the 
course of hepatitis Delta infection: a risk factor for cirrhosis and hepatocellular 
carcinoma. Gastroenterology, 136, 1629-38. 

ROMEO, R. & PERBELLINI, R. 2015. Hepatitis delta virus: Making the point from 
virus isolation up to 2014. World J Hepatol, 7, 2389-95. 

ROSENBLUM, L., DARROW, W., WITTE, J., COHEN, J., FRENCH, J., GILL, P. S., 
POTTERAT, J., SIKES, K., REICH, R. & HADLER, S. 1992. Sexual practices 
in the transmission of hepatitis B virus and prevalence of hepatitis delta virus 
infection in female prostitutes in the United States. JAMA, 267, 2477-81. 

S, C. P., ALASTAL, Y., KHAN, Z. & DARR, U. 2017. Viral Hepatitis in South Korea. 
Euroasian J Hepatogastroenterol, 7, 163-165. 

SARRIS, M. E., MOULOS, P., HARONITI, A., GIAKOUNTIS, A. & TALIANIDIS, I. 
2016. Smyd3 Is a Transcriptional Potentiator of Multiple Cancer-Promoting 
Genes and Required for Liver and Colon Cancer Development. Cancer Cell, 
29, 354-366. 

SCHADLER, S. & HILDT, E. 2009. HBV life cycle: entry and morphogenesis. 
Viruses, 1, 185-209. 

SCHAEFER, S. 2007a. Hepatitis B virus genotypes in Europe. Hepatol Res, 37, 
S20-6. 

SCHAEFER, S. 2007b. Hepatitis B virus taxonomy and hepatitis B virus genotypes. 
World J Gastroenterol, 13, 14-21. 

SCHWEITZER, A., HORN, J., MIKOLAJCZYK, R. T., KRAUSE, G. & OTT, J. J. 
2015. Estimations of worldwide prevalence of chronic hepatitis B virus 
infection: a systematic review of data published between 1965 and 2013. 
Lancet, 386, 1546-55. 

SMEDILE, A., DENTICO, P., ZANETTI, A., SAGNELLI, E., NORDENFELT, E., 
ACTIS, G. C. & RIZZETTO, M. 1981. Infection with the delta agent in chronic 
HBsAg carriers. Gastroenterology, 81, 992-7. 

SMEDILE, A., FARCI, P., VERME, G., CAREDDA, F., CARGNEL, A., CAPORASO, 
N., DENTICO, P., TREPO, C., OPOLON, P., GIMSON, A., VERGANI, D., 
WILLIAMS, R. & RIZZETTO, M. 1982. Influence of delta infection on severity 
of hepatitis B. Lancet, 2, 945-7. 

SONG, J. E. & KIM, D. Y. 2016. Diagnosis of hepatitis B. Ann Transl Med, 4, 338. 
SPELLMON, N., HOLCOMB, J., TRESCOTT, L., SIRINUPONG, N. & YANG, Z. 

2015. Structure and function of SET and MYND domain-containing proteins. 
Int J Mol Sci, 16, 1406-28. 



 81 

STEVAUX, O. & DYSON, N. J. 2002. A revised picture of the E2F transcriptional 
network and RB function. Curr Opin Cell Biol, 14, 684-91. 

SUNBUL, M. 2014. Hepatitis B virus genotypes: global distribution and clinical 
importance. World J Gastroenterol, 20, 5427-34. 

SUNG, W. K., ZHENG, H., LI, S., CHEN, R., LIU, X., LI, Y., LEE, N. P., LEE, W. H., 
ARIYARATNE, P. N., TENNAKOON, C., MULAWADI, F. H., WONG, K. F., 
LIU, A. M., POON, R. T., FAN, S. T., CHAN, K. L., GONG, Z., HU, Y., LIN, Z., 
WANG, G., ZHANG, Q., BARBER, T. D., CHOU, W. C., AGGARWAL, A., 
HAO, K., ZHOU, W., ZHANG, C., HARDWICK, J., BUSER, C., XU, J., KAN, 
Z., DAI, H., MAO, M., REINHARD, C., WANG, J. & LUK, J. M. 2012. 
Genome-wide survey of recurrent HBV integration in hepatocellular 
carcinoma. Nat Genet, 44, 765-9. 

SUREAU, C., GUERRA, B. & LANFORD, R. E. 1993. Role of the large hepatitis B 
virus envelope protein in infectivity of the hepatitis delta virion. J Virol, 67, 
366-72. 

SUREAU, C. & NEGRO, F. 2016. The hepatitis delta virus: Replication and 
pathogenesis. J Hepatol, 64, S102-S116. 

SY, B. T., RATSCH, B. A., TOAN, N. L., SONG LE, H., WOLLBOLDT, C., BRYNIOK, 
A., NGUYEN, H. M., LUONG, H. V., VELAVAN, T. P., WEDEMEYER, H., 
KREMSNER, P. G. & BOCK, C. T. 2013. High prevalence and significance of 
hepatitis D virus infection among treatment-naive HBsAg-positive patients in 
Northern Vietnam. PLoS One, 8, e78094. 

TAN, A., KOH, S. & BERTOLETTI, A. 2015. Immune Response in Hepatitis B Virus 
Infection. Cold Spring Harb Perspect Med, 5, a021428. 

TAN, D. S., DIMITRAKAKIS, M., MANGALAM, S., LOPEZ, C. G. & OOI, B. G. 1989. 
Prevalence of hepatitis delta virus infection in Malaysia. Singapore Med J, 30, 
34-7. 

TANG, L. S. Y., COVERT, E., WILSON, E. & KOTTILIL, S. 2018. Chronic Hepatitis B 
Infection: A Review. JAMA, 319, 1802-1813. 

TASSOPOULOS, N. C., PAPAEVANGELOU, G. J., SJOGREN, M. H., 
ROUMELIOTOU-KARAYANNIS, A., GERIN, J. L. & PURCELL, R. H. 1987. 
Natural history of acute hepatitis B surface antigen-positive hepatitis in Greek 
adults. Gastroenterology, 92, 1844-50. 

TATEMATSU, K., TANAKA, Y., KURBANOV, F., SUGAUCHI, F., MANO, S., 
MAESHIRO, T., NAKAYOSHI, T., WAKUTA, M., MIYAKAWA, Y. & 
MIZOKAMI, M. 2009. A genetic variant of hepatitis B virus divergent from 
known human and ape genotypes isolated from a Japanese patient and 
provisionally assigned to new genotype J. J Virol, 83, 10538-47. 

TAYLOR, J. M. 2006. Structure and replication of hepatitis delta virus RNA. Curr Top 
Microbiol Immunol, 307, 1-23. 

TERRAULT, N. A., BZOWEJ, N. H., CHANG, K. M., HWANG, J. P., JONAS, M. M., 
MURAD, M. H. & AMERICAN ASSOCIATION FOR THE STUDY OF LIVER, 
D. 2016. AASLD guidelines for treatment of chronic hepatitis B. Hepatology, 
63, 261-83. 

TOKINO, T. & MATSUBARA, K. 1991. Chromosomal sites for hepatitis B virus 
integration in human hepatocellular carcinoma. J Virol, 65, 6761-4. 

TONG, H., BOCK, C. T. & VELAVAN, T. P. 2014. Genetic insights on host and 
hepatitis B virus in liver diseases. Mutat Res Rev Mutat Res, 762, 65-75. 

TRAN, T. T., TRINH, T. N. & ABE, K. 2008. New complex recombinant genotype of 
hepatitis B virus identified in Vietnam. J Virol, 82, 5657-63. 



 82 

TSUGE, M., HAMAMOTO, R., SILVA, F. P., OHNISHI, Y., CHAYAMA, K., 
KAMATANI, N., FURUKAWA, Y. & NAKAMURA, Y. 2005. A variable number 
of tandem repeats polymorphism in an E2F-1 binding element in the 5' 
flanking region of SMYD3 is a risk factor for human cancers. Nat Genet, 37, 
1104-7. 

URBAN, S., BARTENSCHLAGER, R., KUBITZ, R. & ZOULIM, F. 2014. Strategies to 
inhibit entry of HBV and HDV into hepatocytes. Gastroenterology, 147, 48-64. 

VAZ, F. M., PAULUSMA, C. C., HUIDEKOPER, H., DE RU, M., LIM, C., KOSTER, 
J., HO-MOK, K., BOOTSMA, A. H., GROEN, A. K., SCHAAP, F. G., OUDE 
ELFERINK, R. P., WATERHAM, H. R. & WANDERS, R. J. 2015. Sodium 
taurocholate cotransporting polypeptide (SLC10A1) deficiency: conjugated 
hypercholanemia without a clear clinical phenotype. Hepatology, 61, 260-7. 

VELKOV, S., OTT, J. J., PROTZER, U. & MICHLER, T. 2018. The Global Hepatitis B 
Virus Genotype Distribution Approximated from Available Genotyping Data. 
Genes (Basel), 9. 

WANG, H., LIU, Y., TAN, W., ZHANG, Y., ZHAO, N., JIANG, Y., LIN, C., HAO, B., 
ZHAO, D., QIAN, J., LU, D., JIN, L., WEI, Q., LIN, D. & HE, F. 2008. 
Association of the variable number of tandem repeats polymorphism in the 
promoter region of the SMYD3 gene with risk of esophageal squamous cell 
carcinoma in relation to tobacco smoking. Cancer Sci, 99, 787-91. 

WANG, P., MO, R., LAI, R., XU, Y., LU, J., ZHAO, G., LIU, Y., CAO, Z., WANG, X., 
LI, Z., LIN, L., ZHOU, H., CAI, W., WANG, H., BAO, S., XIANG, X. & XIE, Q. 
2017. Genetic variations of NTCP are associated with susceptibility to HBV 
infection and related hepatocellular carcinoma. Oncotarget, 8, 105407-
105424. 

WANG, X. Q., MIAO, X., CAI, Q., GARCIA-BARCELO, M. M. & FAN, S. T. 2007. 
SMYD3 tandem repeats polymorphism is not associated with the occurrence 
and metastasis of hepatocellular carcinoma in a Chinese population. Exp 
Oncol, 29, 71-3. 

WEDEMEYER, H., BOKER, K. H., PETHIG, K., PETZOLD, D. R., FLEMMING, P., 
TILLMANN, H. L., VOLLMAR, J., BASTURK, M., GOLDMANN, E., GRIFFIN, 
K. E., HAVERICH, A. & MANNS, M. P. 1999. Famciclovir treatment of chronic 
hepatitis B in heart transplant recipients: a prospective trial. Transplantation, 
68, 1503-11. 

WEDEMEYER, H. & MANNS, M. P. 2010. Epidemiology, pathogenesis and 
management of hepatitis D: update and challenges ahead. Nat Rev 
Gastroenterol Hepatol, 7, 31-40. 

WHO 2018a. Hepatitis B. Fact sheets. 
WHO 2018b. Hepatitis B in Vietnam. Fact sheets. 
WHO 2018c. Hepatitis D. Fact sheets. 
WRANKE, A., PINHEIRO BORZACOV, L. M., PARANA, R., LOBATO, C., HAMID, 

S., CEAUSU, E., DALEKOS, G. N., RIZZETTO, M., TURCANU, A., NIRO, G. 
A., LUBNA, F., ABBAS, M., INGILIZ, P., BUTI, M., FERENCI, P., 
VANWOLLEGHEM, T., HAYDEN, T., DASHDORJ, N., MOTOC, A., 
CORNBERG, M., ABBAS, Z., YURDAYDIN, C., MANNS, M. P., 
WEDEMEYER, H., HARDTKE, S. & HEPATITIS DELTA INTERNATIONAL, 
N. 2018. Clinical and virological heterogeneity of hepatitis delta in different 
regions world-wide: The Hepatitis Delta International Network (HDIN). Liver 
Int, 38, 842-850. 



 83 

WU, J. C., CHEN, C. M., SHEEN, I. J., LEE, S. D., TZENG, H. M. & CHOO, K. B. 
1995. Evidence of transmission of hepatitis D virus to spouses from sequence 
analysis of the viral genome. Hepatology, 22, 1656-60. 

WU, J. F. & CHANG, M. H. 2015. Natural history of chronic hepatitis B virus infection 
from infancy to adult life - the mechanism of inflammation triggering and long-
term impacts. J Biomed Sci, 22, 92. 

WU, T. T., COATES, L., ALDRICH, C. E., SUMMERS, J. & MASON, W. S. 1990. In 
hepatocytes infected with duck hepatitis B virus, the template for viral RNA 
synthesis is amplified by an intracellular pathway. Virology, 175, 255-61. 

WU, W., ZENG, Y., LIN, J., WU, Y., CHEN, T., XUN, Z. & OU, Q. 2018. Genetic 
variants in NTCP exon gene are associated with HBV infection status in a 
Chinese Han population. Hepatol Res, 48, 364-372. 

XU, B. Y., WANG, Y. M., DENG, G. H., HUANG, Y. P., ZHONG, L. H., LIU, G. D., 
TAN, Z. X., FAN, Y. & DING, S. T. 2004. [The primary comparative analysis 
between the host genetic factors and their relationships with clinical 
phenotype of HBV infected twins]. Zhonghua Yi Xue Za Zhi, 84, 189-93. 

YAMAGUCHI, Y., FILIPOVSKA, J., YANO, K., FURUYA, A., INUKAI, N., NARITA, 
T., WADA, T., SUGIMOTO, S., KONARSKA, M. M. & HANDA, H. 2001. 
Stimulation of RNA polymerase II elongation by hepatitis delta antigen. 
Science, 293, 124-7. 

YAN, H., PENG, B., HE, W., ZHONG, G., QI, Y., REN, B., GAO, Z., JING, Z., SONG, 
M., XU, G., SUI, J. & LI, W. 2013. Molecular determinants of hepatitis B and D 
virus entry restriction in mouse sodium taurocholate cotransporting 
polypeptide. J Virol, 87, 7977-91. 

YAN, H., PENG, B., LIU, Y., XU, G., HE, W., REN, B., JING, Z., SUI, J. & LI, W. 
2014. Viral entry of hepatitis B and D viruses and bile salts transportation 
share common molecular determinants on sodium taurocholate cotransporting 
polypeptide. J Virol, 88, 3273-84. 

YAN, H., ZHONG, G., XU, G., HE, W., JING, Z., GAO, Z., HUANG, Y., QI, Y., 
PENG, B., WANG, H., FU, L., SONG, M., CHEN, P., GAO, W., REN, B., SUN, 
Y., CAI, T., FENG, X., SUI, J. & LI, W. 2012. Sodium taurocholate 
cotransporting polypeptide is a functional receptor for human hepatitis B and 
D virus. Elife, 1, e00049. 

YANG, L., HE, J., CHEN, L. & WANG, G. 2009. Hepatitis B virus X protein 
upregulates expression of SMYD3 and C-MYC in HepG2 cells. Med Oncol, 
26, 445-51. 

YURDAYDIN, C., BOZKAYA, H., GUREL, S., TILLMANN, H. L., ASLAN, N., OKCU-
HEPER, A., ERDEN, E., YALCIN, K., ILIMAN, N., UZUNALIMOGLU, O., 
MANNS, M. P. & BOZDAYI, A. M. 2002. Famciclovir treatment of chronic 
delta hepatitis. J Hepatol, 37, 266-71. 

ZHANG, Y., LI, Y., WU, M., CAO, P., LIU, X., REN, Q., ZHAI, Y., XIE, B., HU, Y., 
HU, Z., BEI, J., PING, J., LIU, X., YU, Y., GUO, B., LU, H., LIU, G., ZHANG, 
H., CUI, Y., MO, Z., SHEN, H., ZENG, Y. X., HE, F., ZHANG, H. & ZHOU, G. 
2017. Comprehensive assessment showed no associations of variants at the 
SLC10A1 locus with susceptibility to persistent HBV infection among 
Southern Chinese. Sci Rep, 7, 46490. 

ZHANG, Z. H., WU, C. C., CHEN, X. W., LI, X., LI, J. & LU, M. J. 2016. Genetic 
variation of hepatitis B virus and its significance for pathogenesis. World J 
Gastroenterol, 22, 126-44. 



 84 

ZHENG, H., FU, T. B., LAZINSKI, D. & TAYLOR, J. 1992. Editing on the genomic 
RNA of human hepatitis delta virus. J Virol, 66, 4693-7. 

ZHENG, Y., LU, Y., YE, Q., XIA, Y., ZHOU, Y., YAO, Q. & WEI, S. 2011. Should 
chronic hepatitis B mothers breastfeed? a meta analysis. BMC Public Health, 
11, 502. 

ZLOTNICK, A., CHENG, N., STAHL, S. J., CONWAY, J. F., STEVEN, A. C. & 
WINGFIELD, P. T. 1997. Localization of the C terminus of the assembly 
domain of hepatitis B virus capsid protein: implications for morphogenesis and 
organization of encapsidated RNA. Proc Natl Acad Sci U S A, 94, 9556-61. 

ZOU, J. N., WANG, S. Z., YANG, J. S., LUO, X. G., XIE, J. H. & XI, T. 2009. 
Knockdown of SMYD3 by RNA interference down-regulates c-Met expression 
and inhibits cells migration and invasion induced by HGF. Cancer Lett, 280, 
78-85. 

ZOULIM, F. 2005. New insight on hepatitis B virus persistence from the study of 
intrahepatic viral cccDNA. J Hepatol, 42, 302-8. 

ZOULIM, F. & DURANTEL, D. 2015. Antiviral therapies and prospects for a cure of 
chronic hepatitis B. Cold Spring Harb Perspect Med, 5. 

ZOULIM, F., SAPUTELLI, J. & SEEGER, C. 1994. Woodchuck hepatitis virus X 
protein is required for viral infection in vivo. J Virol, 68, 2026-30. 

 



 85 

7. DECLARATION OF CONTRIBUTIONS 

We hereby declare that the doctoral dissertation entitled “Molecular epidemiology of 

hepatitis delta virus and host genetic factors in the progression of HBV related 

liver diseases in patients with HBV and HDV coinfections” submitted to the 

members of the PhD Board at the Faculty of Medicine, University of Tübingen is a 

record of an original work done by Dr. Mai Thanh Binh and co-authors at the Institute 

of Tropical Medicine, University of Tübingen. 

Three publications (Publication 1: Scientific Reports. 2018;8(1):8047. PMID: 

29795302; Publication 2: International Journal of Infectious Diseases. 2019;80:147-

52. PMID: 30685591; Publication 3: Under review) accomplished by Dr. Mai Thanh 

Binh as the first author lay as the backbone of his doctoral dissertation. We declare 

that Dr. Mai Thanh Binh have substantially contributed to all three manuscripts with 

respect to study design, sampling procedures, patient recruitment, experiment design, 

data analyses and writing the manuscript. We also state individually the contribution 

of Ph.D. candidate and all other co-authors in each study as following. 

Scientific paper 1: Thirumalaisamy P. Velavan designed, supervised the study, 

contributed materials and reagents, interpreted data and wrote the manuscript. Mai 

Thanh Binh recruited patients, performed the experiments, carried out the statistical 

analyses and wrote the manuscript. Nghiem Xuan Hoan recruited patients and 

collected samples, performed the experiments, carried out the statistical analyses and 

wrote the manuscript. Hoang Van Tong contributed to the analysis. Dao Phuong Giang 

performed the experiments. Bui Tien Sy contributed to the experimental design. 

Nguyen Linh Toan recruited patients and collected samples. Le Huu Song recruited 

patients and collected samples. Mai Hong Bang recruited patients. Heiner Wedemeyer 



 86 

contributed to the study design. Christian G. Meyer revised the draft. Peter G. 

Kremsner contributed materials and reagents. C.-Thomas Bock contributed to 

standard experimental procedures. 

Scientific paper 2: Thirumalaisamy P. Velavan designed, supervised the study, 

contributed materials and reagents, and wrote the manuscript. Peter G. Kremsner 

contributed materials and reagents. Mai Thanh Binh recruited patients and collected 

samples, performed the experiments, carried out the statistical analyses, interpreted 

data and wrote the manuscript. Nghiem Xuan Hoan recruited patients and collected 

samples, carried out the statistical analyses and edited the manuscript. Hoang Van 

Tong contributed to the analysis, interpreted data and edited the manuscript. Bui Tien 

Sy and Ngo Tat Trung contributed to the experimental design. Le Huu Song recruited 

patients. Mai Hong Bang recruited patients. Christian G. Meyer revised the draft and 

edited the final version of the manuscript. 

Scientific paper 3: Thirumalaisamy P. Velavan designed, supervised the study, 

contributed materials and reagents, and wrote the manuscript. Peter G. Kremsner 

contributed to materials and reagents. Mai Thanh Binh recruited patients and collected 

samples, performed the experiments, carried out the statistical analyses, interpreted 

data and wrote the manuscript. Nghiem Xuan Hoan recruited patients and collected 

samples, carried out the statistical analyses. Hoang Van Tong, C-Thomas Bock and 

Heiner Wedemeyer contributed to the analysis, interpreted data and the manuscript. 

Dao Phuong Giang contributed to the experimental design. Le Huu Song, Nguyen Linh 

Toan and Mai Hong Bang recruited patients. Christian G. Meyer edited the final 

version of the manuscript. 

 



 87 

Sincerely, 

Tübingen………………………………….. 

 

 

Ph.D. candidate. Mai Thanh Binh 

 

 

Prof. Dr. Thirumalaisamy P Velavan 



 88 

8. ACKNOWLEDGEMENTS 

This dissertation would have never have existed without the support of many 

individuals. I gratefully acknowledge them. I would like to thank Prof. Peter G. 

Kremsner for giving me an opportunity to work at the Institute of Tropical Medicine 

(ITM-UKT), University of Tübingen. I sincerely offer thanks from the bottom of my heart 

to my supervisors, Prof. Dr. Thirumalaisamy P Velavan. I not only get a chance of 

being a Ph.D. student, but I also have received a lot of his supports, embracement, 

scientific guides, and encouragements. I really appreciate for your continuous 

supports. I also specially thank the doctoral committee members, Prof. Dr. C Thomas 

Bock and Prof. Dr. Ruben R. Plentz for your valuable time and guidance. My sincere 

thanks go to Prof. Dr. Christian Meyer for revising and editing on my manuscripts. 

Next, I gratefully acknowledge all colleagues and staffs, working in the ITM-UKT for 

their assistance offered anytime when needed. I would like to express my gratitude to 

all Vietnamese colleagues, including Prof. Dr. Le Huu Song, Prof. Dr. Nguyen Linh 

Toan, Dr. Hoang Van Tong and Dr. Nghiem Xuan Hoan, Dr. Ngo Tat Trung, Dr. Bui 

Tien Sy, Ms. Dao Phuong Giang and Ms. Dao Thanh Quyen for helping the 

sampling,the scientific guidance, long-lasting supervision, support and advice among 

my researches.  

I express to give the most gratitude to my family. It was my parent’s unconditional love, 

care and tolerance in life.  My mother in law who has spent most time here to take 

care my family. And, I’m impressively thankful to my wife and 2 little sons for their love, 

understanding, prayers and continuing support to my works. 

 



89 

9. CURRICULUM VITAE

 

 

mailto:maibinhtieuhoa108@gmail.com


 90 

Presentation in conference proceedings 

 

1. Mai Thanh Binh, Nghiem Xuan Hoan, Hoang Van Tong, Bui Tien Sy, Ngo Tat 

Trung, C.-Thomas Bock, Nguyen Linh Toan, Le Huu Song, Mai Hong Bang, Christian 

G. Meyer, Peter G. Kremsner, Thirumalaisamy P. Velavan. NTCP S267F variant 

associate with decreased susceptibility to HBV infection and decelerated progression 

of related liver diseases. The International Liver Congress 54th April 2019 in Vienna, 

Austria. (Peer-reviewed, poster presentation. Journal of Hepatology). 

 

2. Nghiem Xuan Hoan, Hoang Van Tong, Bui Tien Sy, Mai Thanh Binh, C-

Thomas Bock, Nguyen Linh Toan, Le Huu Song, Thirumalaisamy P. Velavan. 

Interferon regulatory factor 5 and soluble fibrinogen-like protein 2 in hepatitis B virus 

related liver diseases. The International Liver Congress 54th April 2019 in Vienna, 

Austria. (Peer-reviewed, poster presentation. Journal of Hepatology). 

 

3. Mai Thanh Binh, Nghiem Xuan Hoan, Bui Tien Sy, C-Thomas Bock, Heiner 

Wedemeyer, Thirumalaisamy P Velavan. HDV infection rates in northern Vietnam. 

Grad School Day at the Interfaculty Graduate School of Infection Biology and 

Microbiology (IGIM). 24th September 2018 in Tuebingen, Germany (Oral 

Presentation). 

 

4. Mai Thanh Binh, Nghiem Xuan Hoan, Bui Tien Sy, Nguyen Minh Hung, Dao 

Phuong Giang, Nguyen Linh Toan, Le Huu Song, C-Thomas Bock, Heiner 

Wedemeyer, Thirumalaisamy P Velavan. Virological heterogeneity of hepatitis delta 

among Vietnamese populations. The International Liver Congress 53th April 2018 in 

Paris, France. (Peer-reviewed, poster presentation. Journal of Hepatology). 

 

5. Nghiem Xuan Hoan, Trinh Van Son, Dao Phuong Giang, Mai Thanh Binh, Dam 

Tu Anh, Le Huu Song, C-Thomas Bock, Hoang Van Tong, Nguyen Linh Toan, 

Thirumalaisamy P Velavan. HEV positivity in domesticated pigs and a relative risk of 

HEV zoonosis among occupationally exposed individuals in Vietnam. The 

International Liver Congress 53th April 2018 in Paris, France. (Peer-reviewed, poster 

presentation. Journal of Hepatology). 

 

 

 

 



 91 

Publications  

https://www.ncbi.nlm.nih.gov/pubmed/?term=binh%20mt 

 

1. Binh MT, Hoan NX, Van Tong H, Sy BT, Trung NT, Bock CT, Toan NL, Song 

LH, Bang MH, Meyer CG, Kremsner PG, Velavan TP. NTCP S267F variant associates 

with decreased susceptibility to HBV and HDV infection and decelerated progression 

of related liver diseases. Int J Infect Dis. 2019 Mar;80:147-152. 

2. Trung NT, Hai LT, Giang DP, Binh MT, Hoan NX, Toan NL, Meyer CG, Velavan 

TP, Bang MH, Song LH. No expression of HBV-human chimeric fusion transcript (HBx-

LINE1) among Vietnamese patients with HBV-associated hepatocellular carcinoma. 

Ann Hepatol. 2019 Mar - Apr;18(2):404-405. 

3. Van Tong H, Van Ba N, Hoan NX, Binh MT, Quyen DT, Son HA, Van Luong 

H, Quyet D, Meyer CG, Song LH, Toan NL, Velavan TP. Soluble fibrinogen-like protein 

2 levels in patients with hepatitis B virus-related liver diseases. BMC Infect Dis. 2018 

Nov 12;18(1):553. 

4. Van Tong H, Hoan NX, Binh MT, Quyen DT, Meyer CG, Song LH, Toan NL, 

Velavan TP. Interferon-stimulated gene 20 kDa protein serum levels and clinical 

outcome of hepatitis B virus-related liver diseases. Oncotarget. 2018 Jun 

12;9(45):27858-27871. 

5. Binh MT, Hoan NX, Van Tong H, Giang DP, Sy BT, Toan NL, Song LH, Bang 

MH, Wedemeyer H, Meyer CG, Kremsner PG, Bock CT, Velavan TP. HDV infection 

rates in northern Vietnam. Sci Rep. 2018 May 23;8(1):8047. 

6. Tat Trung N, Duong DC, Tong HV, Hien TTT, Hoan PQ, Bang MH, Binh MT, 

Ky TD, Tung NL, Thinh NT, Sang VV, Thao LTP, Bock CT, Velavan TP, Meyer CG, 

Song LH, Toan NL. Optimisation of quantitative miRNA panels to consolidate the 

diagnostic surveillance of HBV-related hepatocellular carcinoma. PLoS One. 2018 Apr 

19;13(4):e0196081. 

7. Hoan NX, Khuyen N, Binh MT, Giang DP, Van Tong H, Hoan PQ, Trung NT, 

Anh DT, Toan NL, Meyer CG, Kremsner PG, Velavan TP, Song LH. Association of 

vitamin D deficiency with hepatitis B virus - related liver diseases. BMC Infect Dis. 

2016 Sep 23;16(1):507. 

8. Trung NT, Hien TT, Huyen TT, Quyen DT, Van Son T, Hoan PQ, Phuong NT, 

Lien TT, Binh MT, Van Tong H, Meyer CG, Velavan TP, Song le H. Enrichment of 

bacterial DNA for the diagnosis of blood stream infections. BMC Infect Dis. 2016 May 

31;16:235. 

9. Trung NT, Hien TT, Huyen TT, Quyen DT, Binh MT, Hoan PQ, Meyer CG, 

Velavan TP, Song le H. Simple multiplex PCR assays to detect common pathogens 

and associated genes encoding for acquired extended spectrum betalactamases 



 92 

(ESBL) or carbapenemases from surgical site specimens in Vietnam. Ann Clin 

Microbiol Antimicrob. 2015 Apr 12;14:23. 


	2018 HDV infection rates in northern Vietnam.pdf
	HDV infection rates in northern Vietnam
	Results
	Baseline characteristics of chronic hepatitis B patients. 
	Prevalence of HDV infection in patients with HBV-related liver diseases. 
	HDV/HBV coinfection and biochemical parameters. 
	HDV genotype distribution and its relation to clinical outcomes. 

	Discussion
	Subjects and Methods
	Clinical patients. 
	Ethics statement. 
	Nucleic acid extraction and cDNA synthesis. 
	HDV-RNA detection. 
	HDV genotyping and phylogenetic analysis. 
	Statistical analysis. 

	Acknowledgements
	Figure 1 Association of HDV infection with subclinical parameters.
	Figure 2 Phylogenetic analysis of isolated HDV genotypes.
	Table 1 Clinical characteristics of 546 patients with chronic hepatitis B.
	Table 2 Association of HDV infection with liver disease progression.
	Table 3 Association of HDV infection and clinical parameters in each HBV subgroup.
	Table 4 Primers used for HDV detection.


	2018 NTCP S267F variant associates with decreased susceptibility to HBV and HDV infection and decelerated progression of related liver diseases.pdf
	NTCP S267F variant associates with decreased susceptibility to HBV and HDV infection and decelerated progression of relate...
	Introduction
	Materials and methods
	Patients
	Ethics statement
	NTCP genotyping
	HDV detection
	Statistical analysis

	Results
	Baseline characteristics of study subjects
	Association of the S267F variant with HBV infection and clinical outcome
	Association of S267F with LC and HCC
	S267F in HDV infection

	Discussion
	Acknowledgements
	Conflict of interests
	Funding
	Author’s contributions
	References





