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ABSTRACT

Despite the successful vaccination programme wadewHepatitis B virus infection remains a globabbplem.
Infection rate in developing countries is higherdomparison to the developed countries. Core premm#gion
(nts.1591-1822) plays a very important role in HBAplication, morphogenesis and pathogenesis, wisetha
precore region (nts.1814 to 1901) contains thetssite for synthesis of pregenomic RNA, direct atfde(DR1),
and RNA encapsidation signal fegion. Mutations in both core promoter and pnecoegions seem to represent
desperate attempts by the virus to escape from ihastune surveillance which results in the evolutadnnew
mutated strain which may have altered pathogenititiias been demonstrated by many studies that permoter
and precore regions of HBV have direct role in dise pathogenesis. So, in the present review w ttgnclude
the observations by different groups from all ottee world with respect to the influence of coremoder and
precore mutations on the HBV-induced disease psxjoa.
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Abbreviations: AST: Aspartate Transaminase; ALT: Alanine Transasgn ASC: Asymptomatic carriers; BCP: Basal coremoter
region; CH: Chronic hepatitis; C/EBP:CCAAT/enhandeinding protein; DR: Direct repeat; FH: Fulminartiepatitis; HRE: Hepatocyte
receptor element; HBcAg: Hepatitis B core antigétBsAg: Hepatitis B surface antigen; HBeAg: hepstiB envelope antigen; HCC:
Hepatocellular carcinoma; IFN: Interferon; LEF: Lér enriched factors.

INTRODUCTION

Hepatitis B virus (HBV), the smallest DNA virus fgane size 3.2 kb) diepadna viridadamily of viruses, has
infected one-fourth of the world population, 400lmm of whom are chronic carriers of the viruspl], HBV is a

non cytopathic, organ specific (hepatotropic),pdistidouble stranded DNA virus which is responsifide nearly

1.2 million death worldwide through uncompensaigdrldisease or hepatocellular carcinoma each yeaking

HCC third most deadly cancer worldwide[1-4]. Infeatwith HBV is globally distributed, however, asrapared to
Europe and North America, the prevalence of HB\édatibn in Asia is quite high. India has 15% of tgiaol of

world HBV infection and is responsible for 80-909dHCC cases [5-7]. HBV is divided into 10 genotypgem A-

J, which is based on an inter-group divergencedfd greater in the complete genome nucleotide esezp) or a
4% or greater divergence in the surface antigee ¢&n2, 8]. It has been shown by worldwide studieg different
spectrums of HBV-mediated liver disease dependheririteraction between the host immunological sgstéral

replication, and genetic heterogeneity of the vingtuding genotypes and mutations.
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MATERIALS AND METHODS

PubMed(www.ncbi.nim.nih.gov) was searched with kesae like “HBV”, “Hepatitis B virus”, “Hepatitis Brirus
core promoter mutations”, “Hepatitis B virus preggnutations” and related words, to finalize thigiee article.
One hundred and fifteen research and review astialere selected. The selection criteria, of thesearch and
review articles, were to include the data whichrespnt the global burden of this infection andtezlalisease.

RESULTS AND DISCUSSION

HBV and core promoter/precore mutations

Mutations in HBV genome results in severe healtiiseguences which include appearance of vaccinefdsigtant
strains and strains with altered pathogenicityissue specificity which may increase the viral @esce which
further leads to the hepatocellular carcinoma-dbadly final stage of infection [8]. In a HBV chiorpatient up to
10" virions are produced per day. This high replicat@@pacity fuelled by high error rate of viral polgrase
resulted in HBV genomes with nearly all possibletations [9, 10]. Selection pressure by the immuystesn
results in survival of the dominant strains. Thdseninant strains may be related to increased sgvefriHBV-
related disease. These variants of HBV with pointations, deletions, insertion or duplication haeen described
all over the world with their corresponding diseak#us.

Core promoter mutations

Core promoter (CP) region(nt. 1591-1822) has dieffetct on HBV life cycle and pathogenesis. Mutasion this
region are related with different clinical outcoméishas been demonstrated that CP mutations isedethe viral
replication mainly by two ways: First, they causshéft change in secondary structure of viral pregee which
leads to enhanced viral replication, and secorttilgy create a binding site for HNF which resultsrinreased
transcription of pregenomic RNA [11]. Core promotegion (nts.1591-1822) plays a very important iiol&¢iBV
replication, morphogenesis and pathogenesis. #ctdirthe transcription of both pregenomic RNA (pgRRMind
precore MRNA (PreC mRNA). Pregenomic RNA (pgRNAJranslated into core protein and polymerase enzyme
and also serves as a template forreverse transariftreC mRNA is translated and modified postdtationally to
produce hepatitis B virus ‘e’ antigen i.e. HBeAgisl believed that HBeAg has direct involvementha induction
of immune tolerance. So, any mutation in this ragidll directly affect the HBV related disease aurttes and this
is proved by many studies throughout the world.

1762/1764

The most frequent CP mutation is the double mutagiont position 1762(2T) and 1764 (®A). Both of these
nucleotide positions are present within the C/EBBR-1 HRE binding region. These mutations decrease t
affinity of liver enriched factors (LEF) to this gien which results in decrease HBeAg expression14l2 In
transfection studies it has been shown that presefthis double mutation reduces the levels oCpmeRNA and
HBeAg secretion, whereas the pgRNA synthesis resnamaffected [13-15]. It has been shown further phesence
of this double mutation increases the length dfation binding site of preC mRNA from nts 1758-08Whereas in
wild type initiation binding site ranges from ntg86-1800 [16].This double mutation suppresses HBg¥dhesis
and hence contributes to hepatocarcinogenesiseTdrertwo favorable explanations for this phenomefirstly,
due to presence of identical epitopes of HBeAg ldBdAg, immune-tolerance is induced against bothathiégens
[17], but HBcAg triggers a more vigorous antibo@gponse in comparison to HBeAg [18]. So, in thes@nee or
absence of reduced serum HBeAg, HBcAg remains thie marget for both cellular and humoral immunetasys
which lead to damage of hepatocytes and ultimabelyatocarcinogenesis [19, 20]. Secondly, immuneéeBys
directly or indirectly triggers liver damage in pemise to increase viral load. This damage incréapatocyte
turnover and fibrosis which increases the chandd@€ which is further fuelled by the high regeniematcapacity
of hepatocytes [21, 22].

1762(T)& 1764(A) mutations convert a nuclear reoefinding site to an HNF1 site [23]. It has be&aown that
HNF-1 suppresses the transcription of precore RNAgreas increase the transcription of core-RNA[23).

Additionally, because HBeAg has inhibitory effeat 8BV replication [14, 24],the reduced HBeAg exmies

could be a reason for increased HBV replicatiopgRNA, there is present a secondary structure legtwe 1742-
1847 [25, 26]. After consideration of RNA secondatsucture, it has been suggested that mutatiomiseimegion
between 1751-1755 and 1762-1764 have importantieedevel of reverse transcription. According testmodel,
the wild type AGG motif stabilizes DR1 but mutatsoof AGG into UGA, AGA or AGU creates a break tegese
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transcription by providing 4 primer binding nuclielets in DR1 rather than 3. Similarly, the core poten deletions
may have similar effects i.e they reduced the arnofibase pairing in the stem which can increaserdite of
reverse transcription [26]. The A1762T and G1764Atations results in a lysine-to-methionine and neio-
isoleucine mutation respectively, within a kunitznghin like sequence spanning the (KA0FVKGGCRHKLV-
142) HBV X gene [27]. This region has transactivgtfunction and found to interact with proteasommeshinery.
Alterations within this important domain may altde transactivation and protease activity of HB\ptein-a
transactivator for many cellular and viral genebjolr is necessary for establishment of a succes#M infection
[28].

This double mutation has been found to be highgvalent in liver tumour tissues and sera of HCGepé [29,

30]. This double mutation is also reported in FHigrdas but less often in asymptomatic carriers [34]. The

frequency of this double mutation was found torh@eéased with progressive clinical stages (3%, 32%64% in
ASCs, CH and HCC group respectively) in patientfrbaiwan [32]. Two major reports from China, shovkdt

nearly all HCC patients possessed this double tioat&n both serum and tumor tissues [33]and thatesence of
this double mutation increased with the advancedcal status (33%, 56% and 85% in CH, LC and HGQugs

respectively) in their patients [34]. In African qgde, this double mutation is observed more oftéth WiICC

patients (66%) compared to asymptomatic (11%) p&i§29].In contrast to these findings, a Indonesstudy
showed that although this double mutation incredised CH (19.7%) to LC (59.7%) patients, but thira slightly
decrease of the double mutation in HCC group inpamison to LC group (54.2% vs. 59.7% respectivatytheir

study [35].
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Figure 1 MFOLD predicted structure of folded part of pregenomic RNA (nt 1742 to 1847). This figure ibased upon a consensus
sequence for genotype B and C strains. (A) Nucled# region 1762-1764 (AGG) is shown (with a shaded¥) to base pair with the centre
of DR1. (B) Mutation of positions 1762 to 1764 toither UGA (shaded eclipse) or to AGA/AGU effect stuctural rearrangement such that

region 1778-1780 (AGG) (shown with a shaded box) winl base-pair with the centre of DR1 (Adapted fromKidd & Kidd-Ljunggren,
1997)

Further, many studies showed that this double natatbserved higher in genotype C than genotypa 34, 35]
and genotype D [36]. Further, it has also been destnated that altered HBV genome due to the BCRatiouis
within the region 1753-1766 are important factdrat tdetermined IFN-therapy response [37]. This teoualutation
has been observed less frequently in genotypeddnmparison to genotype C in HBeAg negative patig8&% Low
frequency of this double mutation in genotype Dr@ported in various studies from Iran, USA and #nf39-
41].Contradictory to these studies, one of theysfunim India observed the 1762/1764 mutations §icgmtly more
often with genotype D in comparison to genotyper also it has been observed in one-third of HBitp@
patients, but correlation of these mutations watesity of liver disease was not observed [42]. Phesence of the
sequence AGG (1762-1764) is found to be signifiyaassociated (P< 0.0001) with HBeAg positivity[2Bhe
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isolate from a study has been found to have botleAtBpositivity and 1762 (T) and 1764(A) mutatiorhi§
phenomenon could be explained by the fact that roenae of this double mutation decreased the ptamuof
HBeAg, but did not totally abolish it [43].

Impact of single 1762(T) or 1764(A) mutation hasoabeen demonstrated in various studies [44]. Tja24s been
observed to have capacity to prevent binding of ltBRhe BCP region which results in suppressiorpie-C

mMRNA. In contrast, 1764(A) alone has some bindiifigity for LEF, hence does not suppress RNA traipdion of

virus and found to only slightly decrease the éficy of HBV replication [13, 14]. In a study conging 1526
patients, some rare mutations were also observéiusregion (1762/1764=A/A, A/G or A, AIT, A or G G/A,

TIG, Aor T/C, G/G or A), but could not be corredtwith disease status[45].

1753

1753V (V represent C/A/G) mutation among the HBeAMg patients has been observed as a predictiver féat
hepatocarcinogenesis[46, 47]. Two Japanese stuglieved that prevalence of T1753V mutation increased
significantly with advancement of liver disease &g been found higher in HCC group (53.2%) contpaither
with LC (18.8%) or CH (9.8%) patients [34, 48].Amdbnesian study demonstrated that a T1753V mutébiomnd
more often in LC (46.8%) patients in comparisottoC (22.9%) and CH (18.0%) patients, which sugtestight
association with LC patients in comparison to H@5][ In genotype B of HBV, it has been demonstrateat
1753(C) is directly involved in increased transaating and anti-proliferative activity of HBV-X ptein and this
may be responsible for hepatocarcinogendsistegration of HBV genes into host genomes [49, BQrther, amn
vitro study demonstrated a higher replication capadityiral strains having triple mutation (C1753/T1782764)
than individual mutations [51, 52]. These mutatians found to be responsible for increased HBcAgession and
decreased level of HBeAg expression [53-55]. Enaamant of HBV replication due to this triple mutatiteads to
increased chances of HBV integration into the hurhast genome, which further accelerates the prooéss
hepatocarcinogenesis [50].These findings are stggdry two studies. In those studies, it has beepgsed that a
secondary structure (1742-1847) in pgRNA have presef a stable stem hairpin structure comprisitsgfrom
1751-1757 and any mutation in this stem structuoale destroy the stability which results in easilyening of
stem for reverse transcription and thus enhanceoferital replication [25, 26].

Further, T1753V mutation is reported more oftengenotype C and HBeAg +ve patients [32, 34, 35].But
contradictory to this, in an another study 1753@3 been found to be associated with HBeAg nega@tients
[56]. It is observed that 1757 (A) mutation founéinly in strains having genotype D and T1764/G1d66ble
mutation [26, 47], whereas 1757(G) found signifitawith T1762/A1764 double mutation. 1757(A) mubat has
the ability to constrain the binding site for HNRahich is maintained by the T1762/A1764 double rtatg40]. A
study from eastern India showed that 1757(A) maiais not specific to genotype D in their study][57

1809-1812

Translation of a gene by eukaryotic ribosome wdudaffected, if there are present mutations inrtheleotide
sequence immediately preceding that gene [58]. idB¢ore region is preceded by such kozak sequemtaining
important nt position from 1809-t0-1812. So, muas within this region may results in decreased AtBe
expression [59]. These mutations are observed inp&tients [60]. Presence of ‘T’ at 1809 changesnangicid
alanine-to-serine and presence of T at 1812 chapg#me-to- serine amino acid and results in rephaent of
hydrophobic aminoacids with smaller polar aminalaciThese mutations are found very commonly (802&duth
African black people [14]. These mutations have iial disruption of base pairing within the secoydsructure of
pgRNA, but no effect on viral replication [25].Has already reported that these mutations may ehiduegrequired
optimal sequence for initiation of translation oB&Ag protein by eukaryotic ribosome which resuftsdecrease
HBeAg expression [58] and leads to more vigorospaase by the immune system. 1809(T), 1810(T), (B14nd
1812(T) mutations are found to be present in HBMtaacases[61] and also reported from fulminant titpa
patients [62]. These mutations have been foundtmbre frequently associated with genotype A themotype D.
Double or triple mutations at 1809-1812 are obskrmeainly in subgenotype Al and not in A2 or other
genotypes/subgenotypes. These mutations direcliyctathe HBeAg expression due to suboptimal indiatof
translation. Experimentally, it has been shown thtBeAg expression was adversely affected by the
1809(T)+1811(T)+1812(T) and 1809(T)+1811(C)+1812fiple mutations in comparison to the 1809(T)+1ED2
and 1809(A)+1812(T) double mutations. The effecthelse double mutations on expression of HBeAgouemsf to

be comparable with that of the (1762T/1764A) motai[59]. These mutations are also described iats® from
other regions of world [60, 62, 63].
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1687-1703
Nucleotide region from 1687 to 1703 constitute thieox of core upstream regulatory region (CURS), aluhi
positively regulate the BCP activity [12, 64-66].

Precore mutations

The precore region (nts.1814 to 1901) containssthet site for synthesis of pregenomic RNA, diregpeat 1
(DR1), and RNA encapsidation signg) (egion. As for the clinical significance, thesea contradiction in literature
regarding the influence of precore mutations orealie outcomes. Some studies revealed that theraoare
differences in the severity or clinical outcomeslieér disease in term of hepatitis exacerbatiarrhosis related
complications and HCC between patients with presuvitd type or with precore mutant [11, 67], whil¢hers
demonstrate a clear influence of precore mutatmnslisease outcomes [21, 68-70].These precore edutdBY
strains appear during HBeAg seroconversion andinfluence the synthesis of HBeAg synthesis.

1896

One of the most well studied precore mutationsem@sense G-to-A substitution at nt position 188& Tutation
prevents the HBeAg production due to appearan@emEmature stop codon at codon 28 (Tryptoph&top) into
the open reading frame of the preC region. Thisltesn production of 28 aminoacid truncated precprotein
which abolishes the production of complete HBeAgc®use the precore region is neither essentiaH®W
replication nor for HBCAg expression, the G1896Aiaat is replication-competent and continues talsgsize viral
DNA at sufficient levels to cause progressive lidamage [70]. This non sense mutation is detectédth HBeAg
+/- patients from various part of the world butrsfigantly restricted to individuals who are HBeAggative,
HBsAg positive, anti-HBe positive, HBV DNA positivend having elevated serum ALT levels. However, the
precore variant is not uniformly pathogenic, andsthco-mutations or host factors presumably expilagnmore
virulent forms of precore mutant-associated dig@dser1].1896(A) mutation does not have a progicostie in
predicting progress towards liver disease in eagpart of India [41], but in Brazilian patients ghinutation has
found to be associated with more severe liver damasgcompared to wild one [72]. HCC patients haenlfound
to have significantly higher frequency of 1896(Ajtation [30]. In contrast to these observationts, thutation has
been reported equally in both HCC and inactiveiee{73]. Some studies emphasize the role ofrthiation in
inactivation of chronic liver disease[32, 74]. Thisecore mutant variant has been found to be associwith a
higher incidence of fulminant and subfulminanthéfat{72, 75]and in acute cases [32, 76, 77].

This mutation may involve in the loss & antigen which may help the virus to evade the imengystem as
HBeAg is main target for both the cellular and huahdmmune response [4].In clinical practice, sachutant is
selected during seroconversion from HBeAg to arBeg and is responsible for HBeAg negative straichronic

hepatitis B patients [9, 78, 79].So, many authagsee on the point that G1896A mutated strain regyesent the
fittest strain acclimatize after struggle with hastmune selection [80]and may have role in persitseviral

replication and the hepatic necroinflammatory atti\j78].

The G1896A mutation has been observed more frelyuengenotype D than genotype A and there is found
difference in ALT or viral DNA levels between patts infected with this mutation or with the wildpgy one
[72].The 1896 precore mutant has been detected moreiofggenotype D than in genotype A in south Indiaurdy
(p<0.005)[81].In agreement with the previous report fromteas part of India which demonstrated that G1896A
mutation was found to be less frequent in Indiatiept[41], a north Indian study also found les=qfrency (4.8%)

of this mutation in their chronic isolates [3].

This mutation is found frequently among patientedbed with HBV genotype B, C, D and E because thaye
1858(T) which stabilize the hairpin structure ahid tis the reason why this mutation is not fourghgicantly in
genotype A[82]. This mutation is more prevalentdsian and the Mediterranean area where genotypé&s Bnd
Dare predominant, whereas less prevalent in Eussmk North America, where genotype A is more common.
Presence of precore A1896 strain and HBeAg positigould be due to the mixed infection of both HEeA
secreting and non-secreting strain with 1896(A)hedtexplanation comes after studying the full psscef
seroconversion on some patients in a study arsddémonstrated that process of overtaking the tyjld strain by
1896(A) strain may happen earlier than the seroeion to HBeAg negative/anti-HBV positivity [83].
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1858

1858(C) mutation has mainly observed in chronidepés with high level of ALT/AST [56]. Genotype Apme
strains of genotype F and genotype C found to @ss$2 at position 1858. This would lead to losshake pairing
and stem stabilization if the G-to-A mutation occat position 1896 [84]. So, to avoid the stemugition in these
cases it is speculated that 1858 (C) changes tofallowed by the 1896 G-to-A mutation, thus prdieg the base
pairing of the pgRNA stem structure [83]. Henceedence of Cat nt. 1858 which prohibits the & point mutation
at nucleotide 1896 for creating a stop codon ingite€C region is found exclusively in genotype A.[1858(T) was
found mainly in genotype B, C, and D [85]. Studievealed that 1858(C) strains developed core premot
mutations more frequently, which have been obsewitil more severe liver disease [86]. In Asian,i¢dn and
middle eastern isolates C is present at nucledis8, while North American and European isolatessha’ at nt.
1858 [78].

1862

1862 position is the most affected position by mis®e mutations. This-8T transversion mutation is found both in
HBeAg +/-ve patients. This mutation is frequentiyifid in HCC patients having genotype A and HBeAgatiee
marker [21]. This mutation affects codon 17 whengireacid valine is replaced by phenylalanine. Té¢hisnge
affects the signal peptide cleavage site (betwesidue 19 & 20)and results in non-removal of thstfil9
aminoacids of the precore/core protein during itcpssing into HBeAg protein [87]. This transvensioutation at
1862 may affect this site in such a way that sigeelcannot act properly due to which HBeAg is npressed.
Houet. al[88] confirms the role of this mutation in decregseduction of HBeAg unden vitro transfection study.
G-to-A transition mutation at nt. 1862 which cortgeaimino acid valine to isoleucine is found in mntuous tissue,
but is absent in non-tumorous tissues. Besidenthitation, some HCC patients also shows a G-to-@s#ersion
which converts amino acid valine to Leucine, arglytare equally distributed in both HBeAg positivel anegative
HCC [21. The conversion of 8A/C/T does not influence the encapsidation of pgi@® but found to affect the
HBYV replication capacity [90].

The missense mutation 1862¢3) in the precore region has been described irepitiwith chronic hepatitis [21,
60Jand in patients with fulminant hepatitis [88].ubdtions G>A/C at nucleotide position 1862 is observed in
genotype/subgenotype Al [91h east India, G1862T mutation was predominantlynfibin genotype/subgenotype
Al, irrespective of HBeAg status. Further, in tleeng study, this mutation could not be correlateth&oclinical
outcome[92].In genotype ‘A’ a rarest mutation 1862(C) wiasnd which was not described in any genotype from
A to H [93]. 1862(G) was described as a markergiemotype/subgenotype A2 whereas genotype/subgendtyp
had ‘T’ at position 1862 [91].

1888

1888(A) mutation has been observed in three odibwf HCC patients from South Africa [21]. This miuta has
found to be very prevalent in black Africans HCGig@ats. The G to A mutation would stabilize thenststructure
of the HBV pgRNA[21, 94].Presence of ‘A’ at nt. B8 sults in a start codon upstream from the cdR& @hich
directly affects the core protein expression amickedecrease the viral load [95]. It is speculdbad this mutation
stabilize encapsidation signal [96] and hence tiredfect the reverse transcription and finalljeat the translation
of the core protein. It is demonstrated thad® & mutation introduce an out-of-frame start codoattban be
potentially translated into a stretch of seven amakids: “Met-Ala-Leu-Gly-His-Gly-His’. This new a&tt codon
may have an important role in the regulation of ttemslational efficiency of the proceeding stastien [95].
G->A/CIT at 1888 occurred frequently in genotype/sutaggpe Al. 1888(G) has been described as a maoker f
genotype/subgenotype A2 and 1888(A) as a markegeiootype/subgenotype A1[91].

1915

Mutations at nucleotide position 1915 and its edlaess to disease severity and genotype has bgetibed only in
few studies so far. 1915(G) has been describedtirated (naive) patients [97]. A north Indian stdémonstrates
the prevalence of 1915(A) mutation in chronic syompatic carrier group, whereas in asymptomatic eesfT’ at
1915 has been observed significantly. 1915 (G)de&s reported significantly in genotype A than dgpe D in the
same study [3].
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1802/1803

Initially, 1802(C)& 1803(G) mutations are considgr@s the mutation of occult infection [98], but nawese are
considered as a characteristic of genotype A, Elanghereas 1802(T) &1803(T) are characteristigefotypes F,
B and C[1, 3, 6, 7].

Deletion/insertion/duplication

Nucleotide region from 1748-1777 of core promotggion is found to be hot spot for deletion in kteerre. At least
13 types of deletions are defined in literature and study defines 7 cases of deletion in fulmireeqtatitis patients
[26, 77]. Many small regions in core promoter haeen shown to be favourite site for deletion mateti They are
between nucleotide: 1757-1776, 1758-1777, 1768-1T757-1779, 1760-1763, 1746-1768, 1763-1770, 1H5-
1763-1770, 1770-1776, 1725-1749, 1753, 1746, 176811753 and 1756 [14, 70]. Most of the patienith w
advanced liver disease have deletions or insediidsoth in CP region and mostly in BCP region [83].The most
severe effect was seen if the deletion is pregeAl and TA2 region and therefore these deletiaffisct the
activity of BCP and there is reduced productiorpiC mRNA and increased production of pgRNA in rmedi
[16]. Deletion size varies from 8 nucleotides to rlicleotides in core promoter region [14]. Deletiontations
were reported in ASCs [99], HBeAg seropositive grat$ [43]and in HCC patients [21]. It has been psagl that
deletions within CP influence the function and egsion of X protein by truncating the X proteinbgrchanging its
frame [26]. This further result in partial or tot@moval of the kunitz-type serine protease inbibitomain, which
is very essential for transactivating property optétein and this may be the reason why deletiGoisetimes seen
in ASCs patients having low viral load and in patisehaving no serological markers [100].

Nucleotide deletions and insertions in CP regioesewobserved during lamivudine treatment. Deletib20 base
pairs nucleotide (1756-1775) in the CP region hasnbdetected in a patient after 1 year lamivudirerapy.
Deletion of nt. region 1758-1777 is also observéidral year therapy in chronic patients [101]. Léteire has
contradiction regarding the lamivudine/Interfertverapy and its response to mutants having deletidnsertion.
One study found no correlation of disease statdsrasponse to lamivudine therapy and mutants wathtibns or
insertions [70], while two studies showed that gttt with deletion mutations in BCP responds betiel-N-
therapy than patients having wild type strain[3&h 8 bp deletion in genotype D in various regioriscore
promoter region has also been reported from Pakigi@3]. 42 to 72 nucleotide deletion has been eskin
precore region of South African HCC patients [D¢letion in precore region may affect the integdfyDR1 and
epsilon signal and also produce truncated HBx prote

CH patients showed insertion in their CP regiosome cases [21, 102, 103].Insertions of 11 bp bserved in a
fulminant hepatitis (FH) patient and in that patigrwas observed that insertion of 11 bp creatdihding site of
HNF1 and which resulted in exacerbation of HBV atfen [104]. Insertion has been also found to besent in
patients having advanced liver disease. InsertfoA’ at 1765, ‘GTT’ at 1768, 15 nt insertion a#15 are also
observed [53]. Insertion of TA at 1764 and 1765 alserved in chronic patients [70]. In an HBeAg ifres,
duplication of sequence between nts 1641-1666 bans bbserved [53]. The region between nts 1641-t666rs
the a-box of ENIl and CURS to which HNF4 and C/EBP tremygtional factors bind, so it is natural to be the
important region of CP activity [14]. This duplicat increased the level of preC mRNA, HBeAg, coretgin,
polymerase enzymes and decrease the level of HBs#igpreS proteins [53]. Duplication of sequencevbeh
1723-1789, 1720-1766, 1641-1668, 1660-1666, 1648316644 -1674, 1649-1667, 1635-1644 and 1641-1648
also been reported but their biological significarace still unknown [53, 105]. One isolate (chrosyenptomatic
with high ALT/AST) from a north Indian study hasdrefound with a duplication of 54 nucleotides (oegbetween
nt. 1628 to 1681) at position 1661 [3]. Deletionsértions in the X gene/core promoter region has leducidated
in cell culture but the functional importance ofese mutations does not appear to be predictable 163].
Deletions/insertions in the core promoter are efemnd to disappear upon seroconversion to anti-HiBe
immunocompetent patients, but selected under imsuppressive conditions [53, 102, 104]. Literatu@uad the
world showed that deletions, duplication, and itisas are being observed in all category of patielite
asymptomatic and symptomatic chronic carriers #1%5,48, 53, 102], fulminant hepatitis and HCC [1026-108].
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Acute cases

[1809(T). 1812(T).
1813(C). 1838(C).

1862(T). 1888(A) 4 - o
Chronic asymptomatic group 1015(G)] Chronic symptomatic groups
[1695(K). 1698(W), 1699(K).
4 1757(A). 1809(A/T). 1812(T).
1813(A). 1858(C). 1862(T). 1817(A),
1896(Y). 1888(A/Y) 1915(A)]

[1809(G). 1812(C). 1858(T).
1862(G). 1896(A). 1888(G)
1015(T)]

HBeAg positive isolates HBeAg negative 1solates

[1695(A/C), 1753(C), 1762(T).
1764(A). 1809(A/G), 1812(C).
1858(T). 1862(G). 1899(Y),
1896(A). 1888(G/Y) 1915(A/'T)]

[1695(K). 1753(T). 1762(A), «——B
1764(G), 1809(T). 1812(D),
1858(C). 1862(T). 1888(A)

1915(G)]
Genotype D associated HBV virus Genotype A associated
[1699(C). 1809(G/A). [1695(K). 1753(C), 1762(T),
1812(C), 1858(T), 1862(G) 1764(A). 1809(T). 1812(T),
1888(G). 1896(A) 1915(T)] 1858(C), 1862(T). 1888(A)

1915(G)]

Figure 2 Diagrammatic presentation of associationfalifferent set of mutations to a particular HBV infection stage or to a particular
HBV genotype, based on the worldwide data

Rare mutations

1766(T) and 1768(A) mutations have been found tadsmciated with fulminant hepatitis [109].It issebved that
1766(T)1768(A) mutations increased the BCP actiligycreating two overlapping low affinity HNF1 sstewhich
resulted in increase in pgRNA transcription and ashancement of viral encapsidation. These muisteare
observed in isolates showing symptoms of exacenbadf HBV infections. Isolates from Israel with fioihant
hepatitis also showed presence of these mutatiénd[d7, 109].Rare stop codon C1817T in the pre@nebas
been observed in two studies [110]. A transitiomtatl898 from G to A of precore region is excletwfound in
HCC cells but not in sera. This mutation destaedithe hairpin structure and therefore it is disatlwgeous for
viral replication [111]. 1899(A) mutation which ainges amino acid GIn-to-Asp affect the precore co2®rand
observed in sera of HCC patients [21].1899(A) matahas observed significantly in HBeAg negativéierds, but
with both asymptomatic and cirrhotic patient[11Zhis mutation has been observed either alone dr @Gito T
transversion at nt. 1862 or with stop codon at emigdie position 1896 [21, 53, 113].The three nualies of the
epsilon €) bulge (1863 to 1865) also served as a templatelB/ —ve DNA strand synthesis and mutation in this
bulge of the stem loop may interfere with viral DNnthesis [78, 114].Nucleotides 1863 to 1865 astghe
priming site for reverse transcription. So, mutatlike T1863A may produce viral DNA of reduced sidae to
translocation.
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CONCLUSION

Hepatitis B virus diversifies its genetic informati through mutations and recombination. This difieegion and

the competition to survive under host immune sllargie results in the evolution of dominant straiith specific

mutations. This is the principle behind the arrighthe fittest strains of HBV under the host imrawurveillance
[1, 3, 6, 115].As described earlier, it has beemalestrated successfully that core promoter andopeemutated
HBYV strains have different pathogenicity, respottstherapies and progression to more advanceddigeases like
HCC. At the same point, as discussed earlier [3f 6hs also been shown that not only the mutafgd strains but
also the host immunogenes polymorphisms have #ffdgct on HBV pathogenesis. This may be the regiby

some mutations are reported more pathogenic in sbhméc groups and less in others.

So, it is recommended that before drawing the amioh about the pathogenic capacity of any mutatio& host
immunogenes variants must be taken in to accowuorlly, larger studies at national and internatidevel must
be needed to integrate the viral and host geneticchnical data for complete understanding of uhyleg principle
of immunopathogenesis of different mutated HBViasa
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