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Abstract
Chronic active hepatitis (CAH) is acknowledged as an imperative risk factor for the development of liver injury and hepatocellular carcinoma. The histological end points of CAH are chronic inflammation, fibrosis and cirrhosis which are coupled with increased DNA synthesis in cirrhotic vs healthy normal livers. The potential mechanism involved in CAH includes a combination of processes leading to liver cell necrosis, inflammation and cytokine production and liver scaring (fibrosis). The severity of liver damage is regulated by Hepatitis B virus genotypes and viral components. The viral and cellular factors that contribute to liver injury and discussed in this article. Liver injury caused by the viral infection affects many cellular processes such as cell signaling, apoptosis, transcription, DNA repair which in turn induce radical effects on cell survival, growth, transformation and maintenance. The consequence of such perturbations is resulted in the alteration of bile secretion, gluconeogenesis, glycolysis, detoxification and metabolism of carbohydrates, proteins, fat and balance of nutrients. The identification and elucidation of the molecular pathways perturbed by the viral proteins are important in order to design effective strategy to minimize and/or restore the hepatocytes injury. 
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: There are over 400 million people infected with hepatitis B virus worldwide and chronic active hepatitis is recognized as an important risk factor for liver injury and hepatocellular carcinoma. Cirrhosis is the histological end point of this chronic inflammatory and fibrotic process and is coupled with increased DNA synthesis in cirrhotic as compared to normal livers. The potential mechanism(s) involved in chronic active hepatitis include a combination of processed leading to liver cell necrosis, inflammation and cytokine synthesis and fibrosis. The severity of liver damage is regulated by Hepatitis B virus genotypes and viral components. The viral and cellular factors that contribute to liver injury are discussed in this article. Liver injury caused by the viral infection affects many cellular process such as cell signaling, apoptosis, transcription, DNA repair which in turn induce radical effects on cell survival, growth, transformation and maintenance. The consequence of such perturbations is dictated in bile secretion, gluconeogenesis, glycolysis, detoxification and metabolism of carbohydrates, proteins, and fat and balance of nutrients. The identification and elucidation of the molecular pathways perturbed by the viral protein(s) are important in order to design effective strategy to minimize and/or restore the hepatpocyte injury. 
Suhail M, Abdel-Hafiz H, Ali A, Fatima K, Damanhouri GA, Azhar E, Chaudhary AGA, Qadri I. Potential mechanisms of hepatitis B virus induced liver injury. World J Gastroenterol 2014; In press
INTRODUCTION
General background
Human hepatitis B virus (HBV) is one of the foremost causes of fulminant, acute and chronic hepatitis
 ADDIN EN.CITE 

[1-5]
. HBV is a partially double stranded DNA virus and is a member of the Hepadnaviridae virus family. HBV replication is not directly cytopathic per se but increases the risk of hepatocellular carcinoma (HCC) and liver injury. The viral genome contains a small (3.2 kb), covalently closed circular DNA (cccDNA) that is transcribed to generate four known transcripts of 3.5 kb, 2.4 kb, 2.1 kb, and 0.7 kb size5[]
. These transcripts encode to generate Polymerase, HBcAg, HBeAg, and HBsAg and HBx that have defined role in HBV life cycle and liver injury
 ADDIN EN.CITE 

[6,7]
. The HBV infection that leads to persistence is present approximately 5% in adults and 95% in neonates8[]
 while in 90-95% of adulthood cases the HBV is rapidly cleared during the acute phase of infection. Irrespective to this, HBV in​fection leads to chronic infection in 90% of perinatal or early childhood cases 
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[9-14]
. That leads to the development of liver cirrhosis and finally toward HCC at some stage in the 20-30 years of asymptomatic infection and often ¼th of the patients perishes due to complications of liver injury. 
A number of studies are being done on several animal models for HBV infection to address these issues. In transgenic animal model studies, different HBV DNA inserts were tested to demonstrate the importance of liver cell regeneration after necrosis. In the natural course of infection of woodchucks and ground squirrels by the woodchuck hepatitis virus (WHV) and ground squirrel hepatitis virus (GHBV), respectively, HCC development occur in the absence of cirrhosis
 ADDIN EN.CITE 

[15-17]
. In another study, the transgenic mice was shown to develop HCC and liver cell regeneration by triggering the immune response to HBV18[]
. Furthermore, extensive oxidative DNA damage has been detected in HBV positive transgenic mice explaining the increased sensitivity to chemical carcinogens18[]
. These animal models offer an attractive choice to study the liver injury caused by HBV. In the section below, we discuss the mechanisms of liver injury by which different genotypes and viral gene products (C, S, HBx) induce a subtle and sustained effect on the host cellular pathways during this prolonged period of acute infection (Table 1). 
Various genotypes and their role in liver disease
There are at least 10 different genotypes of HBV named (A-J), which are based on > 8% genetic diversity. These are further grouped into many sub-genotypes which are different by 4%-8%
 ADDIN EN.CITE 

[11,19]
. The contribution of HBV genetic variability in the genesis of liver cirrhosis is still under investigation. A number of HBV genotypes have been identified based on specific geographical areas and liver diseases (Table 1). Several studies have documented that the genotypes B and C are foremost risk factors for HBV-associated HCC20[]
. However the changes in the promoter core region and HBx-encoding sequence are overlapping in the patients serum samples. Few mutations are present in various HBV genotypes. Finally, mutations in one sequence of open reading frames (ORF) may affect the protein expression pattern of HBV genome. HBV genotype A is prevalent in North America while B and C genotypes are geographically localized to Asia (specially China)19[]
. Central America populations generally have HBV genotype H and disease correlation outcome is not known with this genotype. The geographical distribution pattern of these genotypes and associated liver disease is presented in Table 1. 
Different mechanisms and cellular processes that are regulated by virus and viral proteins to govern the outcome of liver injury are presented. These changes lead to cell proliferation, tissue invasion, metastasis, angiogenesis and resistance to growth inhibition, restructuring of energy metabolism, and resistance to programmed cell death (apoptosis)31[]
.
Pathogenesis of liver injury
In several models of HBV infection, it has been observed that the liver injuries in chronic infection are considered to be associated with the activity of HBV specific T cells. However, few reports suggest that certain chemokine-mediated neutrophils infiltration, nature killer cells and lymphocytes also played role in HBV-related liver damage32[]
. The virus elimination may also be hindered due to imbalances in cytokine pro​duction. Viral infection usually causes inflammatory reaction characterized by release of cytokines and chemokines which may lead to cancer development33[]
. It has been observed that molecular and cellular changes of host gene expression are being supported by the virus replication that protect virally infected hepatocytes from immune-mediated destruction and facilitate tumorigenesis. The oxidative stress induced by Inflammation incurs Kupffer cells to promote stellate cells activation via NFkB and AP134[]
. The persistent activation of these genes leads to cirrhosis, fibrosis and severe liver damage
 ADDIN EN.CITE 

[1,34]
 leading to the development of HCC. It has been reported that cirrhosis increases the risk for HCC about 300% in the patients with chronic infection
 ADDIN EN.CITE 

[35-38]
.

In liver inflammatory lesions, lymphocytes which are virus-specific can be detect​able spontaneously but they are not capable to remove active virus infection39[]
. HBV can cause chronic inflammation that leads to the development of cirrhosis and HCC40[]
. It has also been observed that HBsAg could inhibit the production of interferon (IFN) in chronic HBV infection41[]
. On the other hand, interferon has been used in the treatment of chronic hepatitis B. A recent study indicate that IFN prevented or delayed the progress of HCC and liver cirrhosis in chronic HBV individuals42[]
. 
Role of altered innate and adaptive immunity
Dendritic cells (DCs) are an important linkage between innate and adaptive immunity which is gravely affected with HBV infection43[]
. The immune responses are either obstructed or altered by HBV and the acute infection outcome is affected by virus titer and CD4+CD25+FOX3P+ regulatory T (Treg) cells. They all play a vital role on immune tolerance within the liver. In the HBV transgenic mice, virus replication is inhibited by Toll like receptors (TLR) signaling, activating the innate immunity
 ADDIN EN.CITE 

[44]
. TLRs are essential for HBV recognition and this process is initiated by activation of critical downstream inflammatory signaling cascades such as nuclear factor-κB (NFκB), INF regulatory factor, mitogen activated protein kinases, and proinflammatory cytokines 
 ADDIN EN.CITE 

[44, 45]
. When studied the TLRs induced signaling cascade in peripheral blood mononuclear cells (PBMC) during chronic HBV infectetion vs healthy controls, the expression of interferon regulatory factor 7 (IRF7), interleukin-1 receptor-associated kinase 4 (IRAK4), and TNF receptor-associated factor 3 (TRAF3) was not affected. The expression level of these genes decreased significantly with elevated level of IL-12 and IL-6 leading to impairment of the immune response against HBV infection which was observed in all the chronically infected HBV patients46[]
. However, HBV altered TLR signaling
 ADDIN EN.CITE 

[47]
 is not efficient in the virus removal. It has been observed in chimpanzees that the acute HBV infection could not generate innate immunity with the initial stage of infection40[]
. Another major signaling molecule is NF-κB which activates the expression of hepatoprotective and pro-inflammatory genes48[]
. 
In viral infected cells, the Treg cells are known to be induced by HBx via increased transforming growth factor‑β1 (TGFβ1) production
 ADDIN EN.CITE 

[49]
. In the course of HBV infection, the immune response for HBV-specific CD8+ T cells plays a significant role to ward off the course of liver injury. The hypo responsiveness of these cells present in chronic infection is likely related to high antigen level in these patients
 ADDIN EN.CITE 

[50]
. The pro-apoptotic and anti-apoptotic states of HBV proteins have been well doc​umented depending on each experimental system. HBV promote inappropriate cell growth upon infection to quiescent hepatocytes, which then triggers growth arrest or apoptosis. However, researchers have observed that the HBx protein inhibits apoptosis of hepatic progenitor cells by activating WNT/(-catenin signaling pathway
 ADDIN EN.CITE 

[51,52]
.  This resistance to apoptosis in HBV infected hepatocytes enhances persistence and is a characteristic of tumor cells.
 Role of oxidative and endoplasmic stress
It has been reported that increased pro-oxidants and decreased antioxidant levels affect the enzyme activities which are associated with severe liver injury and hepatocarcinogenesis. The elevated levels of reactive oxygen species (ROS) may cause damage of host DNA, activation of MAP kinase signaling pathways and inactivation and degradation of MAPK phosphatases (MKPs) which control cell death or survival and subsequent proliferation53[]
. Using a trimmed part of the larger surface (S) of protein, the increased ROS and activated cyclin A expression and c-Raf-1/Erk2 signaling cascade has been shown. These activities were further linked with the hepatocyte proliferation54[]
. Furthermore, HBV infected transgenic mice also show sign of oxidative stress
 ADDIN EN.CITE 

[55]
. It has been shown that the upregulation of forkhead box O4 (FOXO4) induced by HBx contributes to the cellular resistance to oxidative stress-induced death
 ADDIN EN.CITE 

[56]
. HBx association with mito​chondria is also known to trigger oxidative stress resulting in apoptosis
 ADDIN EN.CITE 

[57,58]
. Similarly, HBx increase ROS level by promoting cytosolic calcium signaling and by activating the PYK2 and SRC kinase. This further decreases the level of mitochondrial permeability transition which causes the production of ROS59[]
.
Accumulation of HBV proteins in the endoplasmic reticulum (ER) activates ER stress which then leads to stimulation of DNA damage and increased oxidative stress, and pre-disposed virally infected hepatocytes to transformation
 ADDIN EN.CITE 

[60,61]
. Under the provisionally mild ER stress, unfolded protein response (UPR) attenuates the protein synthesis followed by increased protein degradation
 ADDIN EN.CITE 

[61,62]
. If the ER stress severe or prolonged, UPR activates hepatocytes apoptosis through unknown and poorly defined mechanisms61[]
. It is important to note that UPR contributes to elevated intracellular ROS production through up-regulating the oxidative flop machinery
 ADDIN EN.CITE 

[63,64]
. This further form disulfide bonds by oxidizing thiol groups which plays important role in the supply of intracellular ROS65[]
. The UPR-mediated up regulation of ROS was reported in association with ER stress-triggered cell apoptosis63[]
. Furthermore, recent evidence suggests that HBV infection induces ER stress due to large amount of viral and cellular misfolded proteins synthesized in infected cells62[]
. 
However, when ER stress is persistent, the autophagy is activated to degrade the unfolded proteins as well as maintains the cell viabil​ity. During autophagy ER integrity is restored to maintain the viral rep​lication66[]
. Therefore, autophagy promotes the hepatocyte survival67[]
 and in turn helps to maintain the viral persistence which is serious risk factors for liver cancer68[]
. Taken together these observations support the idea that HBV proteins harbor oncogenic effects, mediated by the induction of ROS and ER stress factors. Thus, it is pertinent to control the liver injury caused by induced ROS and ER stress by effective antioxidants and ER stress relief strategies. 
Role of angiogenesis and hypoxia
In chronically HBV infected hepatocyte, the cir​rhotic nodule formation is accompanied by the low level of vasculature in the liver. This occurs in localized regions with the development of a hypoxic environment which in turn can enhance cell migration through the enhanced activity of matrix metalloproteinases (MMPs)69[]
. Hypoxia is a major determining factor in cancer development, because it contributes to inflammation, apoptosis and liver regenera​tion inhibition. The cellular adaptive response to hypoxia triggers the upregulated expression of hypoxia-inducible factor 1-alpha (HIF1(), which is known to pro​mote angiogenesis by up regulating vascular endothelial growth factor (VEGF). During HBV infection and protein synthesis, HBx is known to stabilizes hypoxia-inducible factor 1-alpha (HIF1α) through direct binding and also stimulates the transcription of HIF1
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[70,71]
, thus promot​es angiogenesis [72]. HBx protein also enhances angiogenesis by activated expression of pro-angiogenic growth factor angiopoietin 2 (ANG2), via the activation of MAPK pathway73[]
. In many diseases, the role of angiogenesis has been highlighted by using the kinase inhibitor sorafenib
 ADDIN EN.CITE 

[74]
, which specifically target the VEGF receptor (VEGFR). Since both the PI3K–AKT signaling cascade and EGFR are activated by HBx75[]
, the pathways of HIF and VEGFR activation emphasize the importance in the pathogenesis of HBV induced HCC.
HBV DNA integration allows persistence of virus and genetic alterations
In HCC tumor samples, the viral DNA is frequently found to be integrated into host genome76[]
. The HBV viral genome integration is also shown to occur in patients affected with chronic hepatitis. In some cases, viral DNA integration is also reported to occur during the early stage of HBV infection. Full length viral genome integration are not common but partial deletions of genome and more complex rearrangements are frequently detected77[]
. It has been shown that viral integration affects the host genome through insertional mutagenesis, viral transcriptional upregulation, and induction of genomic instability78[]
. The integration of DNA shows some common insertion or activation of proto-oncogenes of the myc family, primarily the N-myc2. It was also studied that N-myc2 locus could be expressed by WHV integration in win and b3n locus79[]
. It is mentioned in some cases that the regeneration of infected hepatocytes may have occurred due to integration of HBx and occasionally with a truncated S and pre-S regions. 
ROLE OF INDIVIDUAL VIRAL PROTEINS IN LIVER INJURY
HBx protein
HBx is a 17 kDa multifunctional regulatory protein, necessary for viral cccDNA transcription and/or replication
 ADDIN EN.CITE 

[80,81]
 and also major player in HBV induced oncogenicity. HBx exhibits pleiotropic effects involving intracellular calcium, stress signaling transcriptional activation, ROS, apoptosis and cell division
 ADDIN EN.CITE 

[2,82,83]
. HBx protein does not bind directly to double-stranded DNA on viral or cellular promoters but has been shown to bind to short stretches of ssDNA in vitro84[]
. It acts on various cellular promoters through the protein-protein interactions and alters the cytoplasmic signaling pathways. However, HBx can also activate stellate cells as a paracrine factor
 ADDIN EN.CITE 

[85,86]
. HBx is known to transactivate many cellular promoters and enhancers containing binding site for activator protein-1 (AP-1), -2 (AP-2), nuclear factor-kappa-B (NF-kB), activated transcription factor (ATF), CCAAT-enhancer-binding protein (c/EBP) and cAMP response element binding protein (CREB). Other cellular target of HBx includes the RNA polymerase binding protein, epidermal growth factor receptor (EGRF), nuclear factor of activated T-cells (NF-AT), transforming growth factor (TGF) (, IL-8, cytosolic signal transduction pathways as Ras/Raf mitogen-activated protein kinase, TNF, Src kinases, cjun N-terminal kinase, protein kinase (PK) and Jak1/STAT
 ADDIN EN.CITE 

[82,83]
. Direct binding of HBx has also been reported with p53, DNA repair protein DDB1, TFIIH which in turn affects DNA repair functions and may allow the amassing of genetic mutations
 ADDIN EN.CITE 

[87,88]
. The peptidyl-prolyl cis/trans isomerase Pin1 functions are enhanced by direct HBx binding and subsequent transactivation of target genes to increase cellular proliferation
 ADDIN EN.CITE 

[89]
. The complex nature of this protein contributes to activation of overlapping pathways that have effects on cell viability and cell proliferation in HBV infected hepatocytes. 
During the low level expression of HBx in both acute and chronic hepatitis the humoral and cellular immune response are activated. The HBV replication is also modulated due to the interactions of HBx with proteasome complex and Src tyrosine kinase activation 90[]
. It also blocks tumor necrosis factor- (TNF) and FAS-mediated apoptosis pathway by activation of NF‑κB91[]
. This aspect signifies that infected hepatocytes survive immune-mediated damage and the uninfected hepatocytes undergo broad cell death in CLD92[]
. HBx interactions with DNA repair genes DDB1
 ADDIN EN.CITE 

[93,94]
, ERCC2 and ERCC3 subunit of TFIIH
 ADDIN EN.CITE 

[87]
 suggest that a compromised DNA repair process and accumulation of mutations in key house keeping genes may favor the fine balance leading to liver cancer. 
HBx is known to negatively regulate proteosome function thus have a role in degradation of viral and cellular proteins
 ADDIN EN.CITE 

[95,96]
. The mitochondrial functions are regulated by HBx either due to its channel-forming activity or indirectly through the interactions with endogenous channels
 ADDIN EN.CITE 

[97,98]
. Several studies have shown that HBx interacts with mitochondrial heat shock proteins -60 (hsp60) and -70 (hsp70) and the voltage dependent anion channel (VDAC) isoform VDAC3
 ADDIN EN.CITE 

[99,100]
. Additionally Wnt/beta-catenin signaling is also up-regulated by HBx via activation of the cytoplasmic beta-catenin
 ADDIN EN.CITE 

[101,102]
 (Figure 1). Moreover, additional damage to the hepatocytes can occur due to many factors initiated by HBx such as (1) multipolar spindle formation; (2) chromosome segregation; and (3) by inducing aberrant centrosome duplication. These actions are hypothesized due to nuclear transport receptor Crm1 sequestration by HBx in the cytoplasm
 ADDIN EN.CITE 

[103]
. The induction of lagging chromosomes by binding to BubR1 and increased expression of matrix metalloproteinase are alternative mechanisms
 ADDIN EN.CITE 

[104]
. The later is also accountable of cellular migration105[]
. All these biochemical properties of HBx and its influence on above described cellular process are detrimental to the healthy hepatocytes and may eventually lead to serious liver stress and injury. 
Pre core protein
The HBV encoded intracellular HB​cAg or nucleocapsid protein (p21) is approximately 21 kDa and is composed of 183 residues. The protein includes a C-terminal arginine-rich DNA binding domain required for viral genome packaging. Studies have postulated that preC-C, which encodes both HBeAg and HBcAg can play a significant part in the establishment of viral persistence106[]
. It is reported that HBeAg attenuates the host immune response and adversely influence the in​nate and adaptive immune responses during viral infection
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[107,108]
. The pre​core region shares 149 common residues with the core, but contains a unique amino-terminal (NH2) hy​drophobic cysteine rich ten-mer region. Overall there is strong homology between pre core and core relevant to specific serological, structural and immunological distinctiveness. Recent studies have revealed pleiotropic functions of HBc that affect host cellular processes, including HBc induced expression profile change of an innate immune protein, toll like receptor 2 (TLR2) 
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[109, 110]
. These evidences demonstrate that HBc can affect the physiological functions of innate immune system which are relevant to the health of hepatocytes.
Surface protein
The surface proteins of HBV consist of at least three known structurally related proteins referred to as pre-S1, pre-S2, and S. These proteins are translated from two mRNA transcripts (1) Pre-S1 Mrna; and (2) Pre-S2/S mRNA, from which the L (Pre-S1) and M/S (Pre-S2 + S/S) proteins are translated, respectively. Several studies have reported that HBsAg titers directly correlate with the amount HBV DNA in serum and intrahepatic cccDNA levels. However this level varies in different liver disease phases
 ADDIN EN.CITE 

[111-113]
. However, during HBeAg-negative state, the HBsAg production and secretion appears to be incoherent from that of virion production
 ADDIN EN.CITE 

[113,114]
. In HBeAg-negative patients, serum HBsAg titer, serum HBV DNA level and liver cccDNA level are all reduced relative to HBeAg-positive chronic patients where HBsAg titers are noted to be preserved relative to serum cccDNA
 ADDIN EN.CITE 

[113-115]
. The rationale for such surveillance is indistinct but may be correlated due to integration of HBV S regions in the genome. A preferential control of the replicative pathway over HBsAg transcription/secretion, may occur in cases where virion production is inhibited115[]
. The Pre S2 protein also activates mitogen activated protein kinase (MAPK), which is a key signaling molecule involved in hepatocyte proliferation
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[116]
. Moreover, PreS2 protein can also accumulates in the endoplasmic reticulum (ER) of infected hepatocytes leading to ER stress, a process definitely implicated in liver injury117[]
. All these mechanisms are consistent with the hypothesis that S can induce liver carcinogenesis. 
Finally, it is also noteworthy that HBsAg may also modify detoxification pathways implicating in cytochrome P450. A modulated P450 may enhance the metabolism of carcinogens with adverse effects on the liver. There seems to a strong clinical significance of quantitative changes in HBsAg during the acute and chronic phase of HBV infection
 ADDIN EN.CITE 

[118,119]
. The amount of HBsAg has been found to be closely related to HBV replication within hepatocytes113[]
 and this could contribute to the immuno pathogenesis during persistent infection.

Polymerase protein 
While HBV polymerase (Pol) is involved in viral replication, it has been shown that it can block cellular processes such as IRF signaling. This indicates that HBV Pol can counteracts the host innate immune defense response120[]
. Additionally, HBV Pol is known to inhibit TANK-binding kinase 1 (TBK1)/IkB kinase-e (IKKe) and the effector kinases of IRF signaling. The TBK1/IKKe activity is inhibited by HBV Pol by disrupting the interaction between IKKe and DDX3 DEAD box RNA helicase. This unforeseen role of HBV Pol may provide some details why HBV evades innate immune response in the early phase. A therapeutic implication of this work should involved strategy to interfere with the HBV Pol-DDX3 interaction might lead to the resolution of enduring persistent infection of HBV120[]
. While nucleoside and nucleotide analogues may inhibit the HBV-DNA de-novo minus and/or plus strand synthesis by interfering with the reverse transcriptase121[]
 it may have serious consequence on the survival and health of hepatocytes.
 CONCLUSION
The overall cellular pathways that seem to be regulated by HBV to induce liver injury are very complex. However the slow changes in the liver gene expression are significant for the virus to maintain a safe haven for viral life cycle, replication and productive infection. The chronic hepatitis is characterized by augmented regenerative cell proliferation, a process in which cells are more susceptible to gene mutations. This is further supported by the experiments that increased DNA synthesis is inadequate to induce liver carcinogenesis unless genetic alteration, induced by various factors and cellular processes are gradually accumulated. A compromised DNA repair pathways, activation of signal transduction, modulated epigenetic control of liver genes and transactivation of key hepatic genes disturb the fine balance within the liver. Inflammatory cytokines exacerbate the effect further and changes observed after 2-3 decades of effect and injury are ultimately translated into more serious hepatic injury and dysfunctions. Thus, it is important to understand all those biochemical and molecular pathways that are disturbed by viral gene product or HBV DNA integration, in order to restore the healthy outlook of the most vital organ of the body. 
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Figure 1 Mitochondrial, nuclear and cytoplasmic pathways activated by HBx. EMT: Epithelial–mesenchymal transition; TERT: Human telomerase reverse transcriptase; TGFβ: Transforming Growth Factor-β; UPR: Unfolded Protein Response; HDAC: Histone Deacetylase; FN: Fibronectin; ROS: Reactive Oxygen Species; NF-Κb: Nuclear Factor-κB; A2Mα: 2‑Macroglobulin; hVDAC: Voltage-Dependent Anion Channel; CDH1: E-cadherin; ER: Endoplasmic reticulum; NF-AT: Nuclear factor of activated T-cells; ATF: Activated transcription factor peroxisome; PPAR-γ: Proliferator-activated receptor gamma.
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Table 1 Geographically distribution of hepatitis B virus genotypes and their role in liver disease

	HBV Genotypes
	Geographical distribution
	Risk of developing diseases
	Ref.

	A
	North America, Europe, Africa
	Hepatocellular carcinoma (HCC)
	
 ADDIN EN.CITE 

[21,22]


	B
	Southeast Asia, Southern China, Alaska, Canada, and Greenland
	Hepatocellular carcinoma (HCC) and Cirrhosis at a younger age
	
 ADDIN EN.CITE 

[19,23]


	C
	East Asia, Northern China, Korea, Taiwan
	Cirrhosis and HCC (Hepatocellular carcinoma)
	
 ADDIN EN.CITE 

[19,24]


	D
	Africa, Europe, India, Russia and North America
	Liver fibrosis and HCC (Hepatocellular carcinoma)
	 
 ADDIN EN.CITE 

[22,25]


	E
	West Africa
	Pre-core (PC) and Basal Core Promoter (BCP) mutations but disease outcome unknown
	
 ADDIN EN.CITE 

[26]


	F
	Central America, South America
	Fulminate hepatitis associated with HDV coinfection
	13[]


	G
	France, Germany, USA
	 Coinfection with genotype A; increased association with acute hepatitis, liver fibrosis, and HCC (Hepatocellular carcinoma) in Vietnam
	
 ADDIN EN.CITE 

[27,28]


	H
	Central America (Mexico and Nicaragua)
	Most closely connected to genotype F but disease outcome is not known
	
 ADDIN EN.CITE 

[13,29]


	I
	Laos, Vietnam
	Not studied
	30[]


	J
	Japan, Ryukyu
	Not studied
	30[]



