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Summary

Hepatitis B virus (HBV) infection is a serious health problem throughout the world and
has been suggested that viral factors, and host properties, as well as unhealthy life style, might
contribute to the progression of liver diseases. HBV is a partially double-stranded DNA virus
with four overlapping open reading frames (ORFs), which encode the surface, polymerase,
precore/core, and X proteins, respectively. The transcriptional activity of these ORFs is regulated
by the overlapping core (CP) and enhancer Il (Enh II) promoters. CP consists of the upper
regulatory region (nt. 1613—1742) and the basal core promoter (BCP, nt. 1742-1849), which
directs the transcription of both pregenomic and precore mRNAs. Enh Il (nt. 1636-1741) is
composed of the boxes a (nt. 1646-1668) and B (nt. 1704-1715), which stimulates the
transcription of surface, core, and X mRNAs. It has been reported that various mutations in BCP,
Enh Il and precore regions were associated with the severity of liver diseases. However, these
results are sometimes controversial and other factors such as genotypes and the race of HBV-
infected individuals may influence this correlation.

Genotype B is found predominantly in South East Asian countries, including Indonesia.
Several studies revealed that genotype B has been associated with the development of less severe
liver fibrosis, lower serum levels of HBV-DNA in cases who are HBV envelope antigen
(HBeAg) negative, a better response to interferon therapy, and earlier HBeAg seroconversion,
compared to those with genotype C. Subgenotype B3 has been reported as the most prevalent
subgenotype transmitted in Indonesia. So far, the analysis of genomic mutations in relation to
disease progression has not been conducted in the subgenotype B3 infected populations.
Therefore, it is reasonable to investigate the genomic mutations within the X, BCP, and
precore/core regions of HBV genome in Indonesian cases with chronic HBV infection (CHB)
and to corrclz;te these mutational profiles with the pmgressiviti' of liver diseases.

This study involved HBV surface antigen (HBsAg) positive cases with advanced liver
diseases (ALD) comprising liver cirrhosis (LC) and HCC (n = 40, 31 male and 9 female, mean
age 54.4 £ 11.6 years old) and CHB (n = 109, male 71 and female 38, mean age 38.0 + 13.4
years old) admitted to the Department of Internal Medicine, Dr. Sardjito Hospital, Yogyakarta,
Indonesia. Cases with ALD included 10 cases with HCC and 30 cases with LC. Cases with

positive HBsAg expression for more than six months that did not fulfill the diagnostic criteria of

LC or HCC, were diagnosed with CHB. All study participants were tested for HBsAg, hepatitis
B core antigen antibody (anti-HBc), HBeAg, and the antibody to the hepatitis C virus (HCV).

Determination of HBV-DNA copy numbers was performed by quantitative-Real Time
PCR with primer pairs covering the surface (S) region of HBV genome. The analysis of HBV
genomic mutations was performed by Nested PCR with primer pairs covering the precore/core,
BCP; X, and S regions. The direct sequencing was performed to determine the presence of
mutations. The obtained sequences from each region were aligned with reference sequences
retrieved from the GenBank databases. A phylogenetic tree was constructed to determine the
genotype and subgenotype of each isolate. Univariate and multivariate logistic regression
analysis were performed to identify the variables, which correlated independently with the
development of severe liver diseases.

In the clinical presentation, cases with ALD were significantly older (P < 0.001) and had
lower ALT levels (P = 0.011) than other cases. Eleven cases out of 31 (35.4%) with ALD and 8
cases out of 39 (20.5%) with CHB had HBV-DNA with more than 4 log copies, respectively (P
= 0.14). The variations in the Enh II and CP/Precore region in ALD were identified. Univariate
analysis showed the presence of C1638T, T1631C, C1495T, and C1726A mutations within the
overlapping X and Enh II regions with those in CHB (P < 0.05). While the C1638T and T1631C
mutations were sense mutation, the C1495T and C1726A mutations substituted proline to serine
and threonine to asparagine, respectively. Another sense mutations, C1505A was also detected in
3 (8.1%) of 37 ALD. The incidence of CI1505A mutation, however, was comparable between
ALD and other cases (P > 0.05). The presence of A1762T/G1764A double mutations within
BCP, which resulted in the substitution of lysine to methionine and valine to isoleucine,
respectively, was observed more frequently in ALD, compared to those with other cases (P <
0.001). The other point mutations within this region, T1753V and T1768A, leading to amino acid
substitutions from isoleucine to threonine or asparagine and from phenylalanine to tyrosine,
respectively, were also found more frequently in ALD than those with CHB (P < 0.05). Base
and amino acid sequencing analyses of the precore and core regions showed that the G1896A,
G1899A, and C1915T mutations were more prevalent in ALD, compared to those with CHB (P
< 0.05). The G1896A mutations resulted substitution of glycine to aspartic acid. However, the
CI1915T mutation was a sense mutation. Multivariate analyses showed the age greater than 45

years at the time of sample collection (OR 2.62; P = 0.034) and the presence of C1638T (OR



1074.57; P =0.005) and T1753V (OR 6.39; P =0.047) mutations, were associated inde.pendently
with the development of advanced liver diseases.

These present results demonstrat'ed that all isolates involved were subgenotype B3. This
is consistent with previous studies that revealed subgenotype B3 is predominant in Indonesia.
HBYV viral load was indeed lower in ALD, but it was without statistically significant. It suggests
that the development of LC and HCC might progress, irrespective of the concentration of
circulating virus. Multivariate logistic regression analysis revealed that individuals with CHB
had an increased risk for developing ALD when they reached the age of 45. It might represent
the time course of the natural history of chronic HBV infection. Some previous studies
demonstrated that the accumulation of host-adaptive mutations within the HBV genome in the
elderly, as a result of HBV infection during the younger age without virus elimination, might be
associated with the progression of liver diseases. The detection of C1638T mutation in a
significant proportion of cases with ALD in this study was in contrast to those observed in Japan
and Korea, in which infection with subgenotype C1 and C2 are prevalent, in the aspect of
involved nucleotides. In Japanese and Korean populations, the mutation mainly occurred at nt.
1653 within box a. These findings have suggested that each genotype or subgenotype may have
specific mutation profiles and the pathogenic role of mutations involving the Enh il nucleotides
is genotype or subgenotype specific. Although the exact mechanisms remain to be elucidated,
mutations involving the sequences upstream of box o have the capability of inducing some
conformational changes, which facilitate the interaction with the hepatocyte nuclear factor
(HNF). Analyses of T1753V have been conducted in Japanese, Chinese, and South Korean cases
with progressive liver diseases, the results have been inconsistent. It is probéble that the
inconsistency was derived from differences in genotyping or the different immune system of the
host. Mutation T1753V occurred within BCP resulted in amino acid substitution at codon 127
from isoleucine to threonine or asparagine. The previous investigation revealed that HBx
mutation within BCP could modulate the NF-xB signaling pathway, which is associated with
tumorigenesis. NF-xB seems to have a central function in liver homeostasis, pathophysiology
and regulation of the inflammation-fibrosis-cancer axis as well as playing a role in the
development of ALD. The presence of T1631C, A1762T/G1764A, and G1896A mutations in

cases with ALD was more prevalent compared to that in CHB by univariate analysis. These

findings indicate that these mutations may represent host-adaptive mutations, which are acquired
as a result of persistently occurring HBV infection for a long period of time.

In summary, the presence of C1638T and T1753V mutations, as well as age greater than
45 years old, constituted independent risk factors for developing HCC and cirrhosis in cases with
the subgenotype B3 infection. In addition, the presence of C1638T and T1753V mutations may

serve as predictive markers for the progression of liver diseases in Indonesia.
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