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According to the World Health Organization, about 2 billion
persons worldwide have been infected with hepatitis B virus
(HBV). More than 350 million are chronically infected
worldwide with a high risk of developing liver cirrhosis
and hepatocellular carcinoma (HCC) (representing 1 million
deaths per year). The epidemiology of HCC is peculiar
with both geographic and temporal patterns of incidence
paralleling exposure to viral etiologic factors. The highest
HCC incidence rates are areas endemic for chronic infection
with hepatitis B virus (Asia and Africa). Based on sequence
divergence in the entire genome of >8%, HBV genomes
have been classified into eight groups designated from A
to H. The genotypes of HBV have distinct geographical
distributions. Although preliminary clinical studies seem to
indicate that there is an association between HBV genotype
and natural history of infection and/or response to antiviral
therapy, further evaluations on larger collectives of patients
are necessary to give a clearer picture of the subject. The first
paper of this special issue addresses the aetiology and picture
of CTNNB1 and TP53 mutations in Thailand patients with
HCC and provides a detailed study of the situation in an
Asian country. The second paper presents the study on the
etiology and viral genotypes in Colombia; these data are not
common with South America. The two subsequent papers
address the question of HBV variability and HCC in two
different countries and continents. Indeed, the third paper is
on TP53 mutations and HBx gene of hepatitis B virus status
in HCC in Iran. It is bringing interesting discussion about the
potential link between HBV genotypes and TP53 mutation
R249S. The fourth paper of this special issue presents a fully

picture of viral hepatitis viruses and TP53 mutations in HCC
from Columbia. The fifth paper describes the evolution of
HBV “quasispecies” in a chronic HBV chronic carrier over a
2-year period. The final paper of this special issue proposes
an original study on the importance of HBV variability on
RNAi strategies.

Isabelle Chemin
Heléne Norder

Patrick Soussan
Runu Chakravarty
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Hepatocellular carcinoma (HCC) may develop according to two major pathways, one involving HBV infection and TP53
mutation and the other characterized by HCV infection and CTNNB1 mutation. We have investigated HBV/HCV infections and
TP53/CTNNB1 mutations in 26 HCC patients from Thailand. HBV DNA (genotype B or C) was detected in 19 (73%) of the cases,
including 5 occult infections and 3 coinfections with HCV. TP53 and CTNNB1 mutations were not mutually exclusive, and most
of TP53 mutations were R249S, suggesting a significant impact of aflatoxin-induced mutagenesis in HCC development.

1. Introduction

With over 600 000 new cases per year, hepatocellular
carcinoma (HCC) is the 5th most common cancer and
the 3rd cause of cancer mortality worldwide. Over 80% of
the cases occur in non-Western countries, in particular in
South-Eastern Asia [1]. The main risk factors are chronic
infections by Hepatitis B (HBV) or C Viruses (HCV),
alcohol, iron overload, and dietary exposure to aflatoxin, a
class of mycotoxins contaminating traditional foodstuff in
tropical countries. In South-Eastern Asia, HCC often occurs
in a background of endemic HBV chronicity in conjunction
with aflatoxin exposure. The latter is classified IARC Group 1
carcinogen for the liver and causes an inactivating mutation
at codon 249 of the TP53 tumor suppressor gene, inducing

the substitution of an arginine by a serine (R249S mutation)
[2–7].

The mechanisms by which HBV contributes to liver
cancer are multiple, complex, and far from being fully
understood [8]. In brief, three main effects can be distin-
guished. First, chronic infection induces inflammation and
deregulation of the physiological balance between liver cell
proliferation, differentiation and apoptosis. This disrupted
state often leads to cirrhosis, a precursor of HCC. Second,
early in the carcinogenic process, HBV DNA becomes
integrated in the host cell genome, potentially acting as
an insertional mutagen to deregulate adjacent oncogenes
or tumor suppressors. Third, HBV expresses proteins such
as HBx that interacts with a variety of cell components,
affecting many aspects of transcription, proliferation, or
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survival. The contribution of each of the above mechanisms
depends on the host immune response, the synergic effects
of environmental factors, and the molecular characteristics
of the strain of HBV involved. Eight major HBV genotypes
have been identified (genotypes A to H), characterizing
groups of viruses that show less than 8% sequence divergence
between them. These genotypes differ by their geographic
and ethnic distribution and their pathogenicity [9–11]. In
South-Eastern Asia, the predominant genotypes are B and
C, in contrast with, for example, genotype A in Northwest
Europe and North America, genotype D in Southern Europe
and the Middle East, and genotype E in West Africa. Disease
severity has also been shown to be associated with mutation
in the Basal Core Promoter (BCP) region of the viral genome,
resulting in a double base substitution (G1762A/A1764T)
[12].

Hepatocarcinogenesis is accompanied by genetic and
epigenetic alterations at multiple loci, the most frequent
of which are inactivating mutations in TP53 (encoding
the p53 protein, in 20 to 80% of the cases depending
upon geographic and exposure contexts) and activating
mutations in the N-terminus of CTNNB1 (encoding the
transcription factor β-catenin, in 10 to 30% of the cases)
[13–17]. Based on the analysis of 137 cases of HCC from
France and China, Laurent-Puig et al. [18] have proposed a
model that distinguishes two main pathways of HCC, one
characterized by chromosome instability, TP53 mutations,
Axin 1 mutations, HBV infection, poor differentiation, and
poor prognosis, and the other characterized by chromosomal
stability, CTNNB1 mutations, absence of HBV, and tendency
to form large tumors. However, it is not known whether this
general model also applies to HCC from other geographic
areas [14, 15, 18–22].

With incidences (Age-Standardized Rates) of liver and
bile duct cancers of 33.4 in males and 12.3 in females,
Thailand is a region with intermediate incidence of liver
cancer. About 40 to 50% of histologically diagnosed cases are
cholangiocarcinomas, which is predominant in the North-
East region. The main risk factors identified for HCC are
chronic HBV infection and alcohol drinking, whereas the
role of HCV appears modest and there is no significant asso-
ciation with aflatoxin exposure as determined by measuring
aflatoxin-albumin adducts in the serum. Here we describe
the patterns of mutations in TP53 and CTNNB1 and of
infection by HBV and HCV in 26 cases of primary HCC
from Thailand. We found HBV DNA (genotype B or C) in
19 (73%) of the cases, including 5 occult infections and 3 co-
infections with HCV. Furthermore, we found that TP53 and
CTNNB1 mutations were not mutually exclusive, and that
most of TP53 mutations were R249S, suggesting a significant
impact of mutagenesis by aflatoxin.

2. Materials and Methods

2.1. Patients and Tissues. Patients were recruited and speci-
mens were obtained in the context of a study on the etiology
of HCC that took place at the National Cancer Institute in
Bangkok from 1987 to 1995. The basis for HCC diagnosis

Table 1: Clinicopathological data of HCC cases.

Frequency (%)

Age (n = 24)

≥50 9 (37.5)

<50 15 (62.5)

Mean age ± SD 46± 13

Gender (n = 24)

male 20 (83.3)

female 4 (16.7)

HBsAg status (n = 23)

Positive 13 (56.5)

Negative 10 (43.5)

Edmondson and Steiner’s grade of T tissues
(n = 25)

≥G3 12 (48.0)

<G3 13 (52.0)

METAVIR Score of NT tissues (n = 20)

Activity < 2 16 (80)

Activity ≥ 2 4 (20)

Fibrosis < 2 5 (25)

Fibrosis ≥ 2 15 (75)

HCC morphology (n = 26)

Trabecular type 18 (69.3)

Pleiomorphic type 3 (11.5)

Pseudo-glandular type 2 (7.7)

Necrotic tissue 3 (11.5)

T = tumor, NT = nontumoral tissue.

was an algorithm including clinical features, biochemistry
(Alpha-fetoprotein levels) and imaging (ultrasonography).
When confirmed by histopathology, this algorithm was
found to be 95% specific for the detection of HCC. Of
all cases of liver cancer detected during this period, 26
were surgically removed, snap-frozen, and bio-banked after
patient’s informed consent. The case series consisted of
surgical resection pairs of tumor tissue (T) and nontumor
tissue (NT) (the latter were available for 22/26 patients).
Snap-frozen samples were stored at −80◦C, transferred to
IARC and analyzed according to a protocol approved by
IARC Institutional Review Board. Histopathological staging
and grading was performed according to Edmondson-
Steiner. The clinicopathological characteristics of the patients
are summarized in Table 1 and in Supplementary Table S1
available online at doi:10.1155/2011/697162.

2.2. DNA and RNA Extraction. DNA and RNA were simul-
taneously extracted from 10 mg of liver tissue according
to TEBU Masterpure extraction kit specifications (TEBU
Masterpure, TebuBio Epicentre, France). DNA/RNA was re-
suspended in 40 μL of TE buffer. Nucleic acids were quanti-
fied by spectrophotometry, and the quality of RNA/DNA was
assessed by PCR with amplification of Aldolase B gene, which
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Table 2: Distribution of HBV/HCV infection, CTNNB1 mutations
and clinicopathological data according to TP53 mutation status.

MUT TP53
WT TP53 TotalR249S Other

TP53 7 2 17 26

CTNNB1 3 1 2 6

HBsAg positive 5 1 7 13

HBV DNA 6 2 11 19

HCV 1 1 2 4

No HBV nor HCV 0 0 4 4

Tumor grade

≥3 5 2 6
25∗<3 2 0 10

Cirrhotic NT tissue 3 2 2 7

Age 37.6± 12.8 53 48.2± 12.41

Sex

M 5 2 13
24†F 0 0 4

MUT = mutant, WT = wildtype, NT = nontumoral tissue, ∗grade is missing
for one WT TP53 case, †age and sex data are missing for two R249S cases.

is constitutively expressed in adult liver. DNA/RNA extracts
were stored at −20◦C.

2.3. TP53 and CTNNB1 Mutations. TP53 mutations were
analyzed by direct, automated sequencing of PCR products
of exons 4 to 11 as described in the IARC TP53 Mutation
Database (http://www-p53.iarc.fr/). R249S mutation was
further analyzed and confirmed by nested PCR/RFLP of exon
7 as previously described [23]. CTNNB1 mutations in exon
3 (containing common activating mutations) were detected
by Denaturing High Performance Liquid Chromatography
(DHPLC) and sequencing. Briefly, a PCR product was
generated using primers, and 3 to 10 μL of this product were
injected into a preheated reverse-phase column (DNASep
Column, Transgenomic) equilibrated by the ion-pairing
agent TEAA 0.1 M (Triethylammonium acetate). DNA was
removed from the column by a linear gradient of TEAA
achieved by mixing buffer A (TEAA 0.1 M) at a constant
flow rate of 0.9 mL/min, and buffer B (TEAA 0.1 M and
acetonitrile 25%) with 2%/minute gradient increase. The
temperature for optimum separation of heteroduplex from
homoduplex was calculated in silico by specific software
(Transgenomic, San Jose, CA, USA) so that 75% of the
PCR product remains double-stranded. Primer sequences
and temperature used are given in Supplementary Table S2.

2.4. Detection of HBV and HCV. HBV DNA detection was
performed using a multiplex PCR in highly conserved
regions of surface (S) and core (C) genes. Two S and C
fragments of 118 bp and 145 bp, respectively, were amplified
as described elsewhere [24]. PCR products were analyzed by
electrophoresis on 2% agarose gel and ethidium bromide

staining followed by southern blotting and hybridization
with a genomic length [α32P]-dCTP HBV probe. HCV RNA
was detected by seminested RT-PCR (One step RT-PCR Kit,
Qiagen, France) amplifying the 5′-UTR region of HCV as
described elsewhere [24]. PCR products were analyzed by
electrophoresis on 2% agarose gel and ethidium bromide
staining followed by southern blotting and hybridization
using an HCV [α32P]-dCTP oligo probe.

2.5. HBV Genotyping, Subtyping, and Detection of “a” Loop
Variants. Analysis of S gene provides genotype informa-
tion significantly matching with analysis of the entire
genome [25, 26]. We developed a new seminested PCR
amplifying the entire S gene. First reaction was achieved
with primers S HBV123s (5′-tcgaggattggggaccctg-3′) and
S HBV848r (5′-ggaatagccccatcttttgg-3′), round settings were
95◦C (5 min); 35 cycles of 95◦C (30 sec), 51◦C (30 sec),
72◦C (1 min); then 72◦C for 10 min. Second step used
2 μL of first reaction and primers S HBV123s and S HBV
778r (5′-gaggtataaagggactcaag-3′) with similar settings to
the first round. 2 μL of PCR products were purified using
standard ExoSap-IT (usb, Staufen, Germany) treatment,
and nucleotide sequences were determined for both strand
by automated, dideoxy-sequencing (sequencer ABIPrism
3100, Perkin Elmer). HBV genotypes and subtypes were
determined thanks to collaboration with the Virological
Department of Swedish Institute for Infectious Disease.

2.6. HBV Basal Core Promoter (BCP) Variant Detection.
DNA extractions of HBV DNA positive patients including T
and NT tissue were tested for HBV BCP variants. Samples
with detectable HBV DNA after nested PCR amplification
using manufacturer’s protocol were tested by line probe assay
(INNO-LiPA HBV Precore Research Version, Innogenetics
NV, USA) according to the manufacturer’s instructions [27].
The kit probes were designed to determine the nucleotide
sequences at positions 1762 (A versus T) and 1764 (G versus
A and G versus T) in the BCP region. Determination of Pre-
Core (PC) mutation at HBV codon 1896 (G versus A) was
achieved in the same reaction.

2.7. Immunohistochemistry. Tissue fragments were fixed in
10% buffered formalin and paraffin embedded accord-
ing to standard protocols. Deparaffinized tissue sections
were labeled using standard protocols with CM1 anti-
body (Ab) (rabbit polyclonal immunoglobulin G anti-
human p53, 1/500, Novacastra Laboratories Ltd., New-
castle, United Kingdom) recognizing all isoforms of
p53 protein. HBV- and/or HCV-positive tumor sec-
tions were labeled independently with a set of anti-
bodies to either HBxAg (rabbit polyclonal Ab used at
5 μg/mL) [28] or E2 protein for HCV positive sections
(D4.12.9 monoclonal Ab at 0.2 μg/mL) [29]. Fixed anti-
bodies were detected using biotinylated immunoglobulin
G, streptavidine-peroxidase, and diaminobenzidine (Vector
Laboratories, Inc., Burlingame, CA).
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Figure 1: Immunostaining of HCC sections ((a)–(g) × 200, (h) × 400). Accumulation of p53 in HCC with R249S (a) and P278R (b).
Accumulation of HBxAg in hepatocytes of nontumoral (NT) and tumoral (T) tissues of HCC with overt HBV infection (c,d) or occult HBV
infection (e,f). Accumulation of HCV E2 protein in tumor section of overt HBV/HCV (g) or occult HBV/HCV (h) coinfected HCC.

3. Results

3.1. Patients and Tumor Characteristics. Table 1 lists the
clinicopathological characteristics of patients and tumors
analyzed. Age range was from 17 to 73, with a majority
of cases occurring before 50 years of age (62.5%) and a
male/female ratio of 5 : 1. HBsAg status was positive in 13 of
23 patients for whom this information was available (56.5%).
Edmondson and Steiner’s grades of tumors were equally
distributed between scores ≥G3 and <G3. Most of adjacent
NT tissues showed an activity score <2 and a fibrosis score
≥2 in the METAVIR scoring system. Most HCC were mainly
trabecular (69.3%). Pleiomorphic or pseudoglandular types
represented 11.5% and 7.7%, respectively. In 3 cases, high
levels of necrosis or tissue degradation were observed

precluding the precise assessment of HCC morphology.
Cirrhosis was diagnosed in 7 of the 20 NT tissues.

3.2. Mutations in TP53 and CTNNB1 Genes. TP53 mutations
were detected in 9 cases (34.6%), with a high proportion
of R249S (present in 7 cases, 77.8%). This mutation was
associated with a low level of p53 nuclear accumulation in the
tumor (<10% of cells stained, 6 cases) or with retention of
p53 in the cytoplasm (1 case) (Figure 1(a)). Immunostaining
of R249S-positive sections with an antibody to aflatoxin-
DNA adducts was negative (data not shown). Two other
mutations were at codon 278 (CCC to CTC, P278R) and
codon 331 (CAG to CAT, G331H). P278R falls within the
DNA-binding domain and the mutant protein shows loss
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Figure 2: Age distribution and HBV infection status of HCC cases.
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Figure 3: Distribution of TP53 and CTNNB1 mutations in overt
and occult HBV-infected cases. All HBV-positive cases were counted
from Table S2. Five cases with nonavailable CTNNB1 status were
excluded, giving a total number of 17 cases. Total numbers are
indicated in brackets. Six cases were mutated in either CTNNB1 or
in TP53 (R249S) and 3 of them harbored both mutations. Finally,
8 cases were wildtype for both genes or mutated at other codons in
TP53.

of transactivation activity towards 8 different p53-dependent
promoters in yeast functional assays [30]. This mutation was
associated with accumulation of the protein in 10–20% of the
cells (Figure 1(b)). In contrast, R331H falls in exon 9 next
to the p53 oligomerization domain and does not appear to
significantly suppress p53 transactivating capacity in a yeast
functional assay [30]. This mutation does not result in p53
accumulation (data not shown). Three specimens exhibited
p53 accumulation despite the presence of wild-type (WT)
TP53 sequences (data not shown).

Six mutations in exon 3 of CTNNB1 (23%) were found by
DHPLC and direct sequencing. Mutations were exclusively
found in tumors at codons specifying serines or threonines
in the N-terminus. These phosphorylation sites are part of

the GSK3-β box. Four out of the six tumors with CTNNB1
mutation also had a TP53 mutation (three R249S and one
P278R) (Table 2).

3.3. Molecular Patterns of Hepatitis Viral Infections. HBV
DNA was detected in both T and NT specimens of 19 HCC
patients (73%), whereas 4 HCC cases (15.4%) were positive
for HCV RNA, 3 out of 4 being coinfected with HBV. When
comparing HBV DNA with HBsAg status, 11 cases were
positive for both, 5 cases were positive for DNA only (occult
infection), and 2 cases were positive for HBsAg only (note
that nontumor tissue was not available for these two cases).
Thus, of the 10 HBsAg negative cases, 5 harbored HBV DNA,
indicating a proportion of 50% of occult infections among
HBsAg negative patients. Only one of these 5 patients with
occult HBV infection was positive for HCV. Occult infection
was detected in all age groups, but was more frequent in
patients over 51 (3/5, 60%) than under 50 (3/14, 21.4%)
(Figure 2).

Preamplification of Pre-C/C region prior to INNO-LIPA
reverse hybridization was successfully performed in 9 out of
19 HBV DNA-positive specimens. The BCP double variant
A1762/T1764 was found in 7 cases (77.8%). Distribution
of BCP double variant and wild-type HBV populations
was not restricted to tumoral tissues. The PC variant was
detected in the NT tissue of one patient (data not shown, see
Supplementary Table S1).

The entire S gene was sequenced in 11/19 HBV DNA-
positive specimens. The two main HBV genotypes were
C and B, found, respectively, in 81.8% (9/11) and 18.2%
(2/11) of patients. Several mutations were detected in the
region corresponding to the “a” loop determinant (residues
from 124 to 147) [31]. Two mutations have been previously
described as “escape” mutations in vaccinated subjects
(G145R and I126N) [32, 33]. Both were found in patients
with occult HBV infection (Supplementary Figure S3). In
specimen 26, we detected a double mutation A126I/P127T,
which has not been reported before.

HBxAg was strongly expressed in 80% of HBV-positive
cases. The pattern of HBxAg accumulation differed between
T and NT tissues. In the latter, we observed cytoplasmic
accumulation in 15–60% of cells, with nuclear accumulation
in some hepatocytes (Figure 1(c)). In the former, accumu-
lation was stronger in regeneration nodules and nuclear
compartments were strongly stained (Figure 1(d)). The same
staining pattern was observed in either overt or occult HBV
infections (Figures 1(e) and 1(f)).

3.4. Concordance between Viral Infection, Tumor Morphology,
and Mutations in TP53 or CTNNB1. Tumors were classified
according to their HBV status as occult, overt, or negative
HBV infection. There was no difference in relation to age,
sex, tumor grade, activity/fibrosis scores, and incidence of
HCV infection between the three groups (Table 3). HBV
genotypes and PC/BCP mutations were equally distributed
within the three groups. However, trabecular morphology
was more common among HBV-infected subjects, regardless
of occult or overt status. Regarding mutations, CTNNB1
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Table 3: Distribution of TP53/CTNNB1 mutations and clinicopathological data according to HBV infection status.

Overt HBV infections
n = 13∗

Occult HBV
infections n = 5

Negative for both
HBsAg and HBV

DNA n = 5
Total

TP53

R249S 5 0 0 5

Other mutation 1 1 0 2

WT 7 4 5 16

CTNNB1

MUT 3 2 0 5

WT 7 3 4 14

HCV 2 1 1 4

Sex

M 13 4 3 20

F 0 1 2 3

Grade

≥3 7 2 2 11

<3 6 3 3 12

HCC morphology

Trabecular 11 5 2 18

Pleiomorphic 2 0 1 3

Pseudoglandular 1 0 1 2

Necrosis 1 0 2 3

Age 43.2± 12.12 51.4± 15.2 49.4± 13.7

WT = wildtype, MUT = mutant, ∗three HBV-DNA positive cases with missing data on serology were omitted in this table, †CTNNB1 was not amplifiable in
four cases, three cases with overt HBV infection and one HBV-negative case.

mutation rates did not differ between the three groups
but R249S was strongly associated with overt HBV infec-
tion. Accumulation of p53 in tumors with wild-type TP53
sequences was identified exclusively in HBV-negative tumors,
one of which was HCV RNA-positive (see Supplementary
Table S1). Overall, these results do not substantiate that TP53
and CTNNB1 mutations fall in distinct subtypes of HCC
(Figure 3). However, they confirm the strong concordance
between R249S and overt chronic HBV infection.

4. Discussion

Most of the current knowledge on the mechanisms of
HCC pathogenesis is based on studies developed in Western
Europe or in the US. However, these two regions hold less
than 25% of the world annual cases of HCC. Given the strong
geographic differences in the distribution of risk factors,
studies in other areas are mandatory to obtain a more precise
picture of the complexity of interactions between mutations
and viral infections. In particular, countries such as Thailand
represent interesting areas because of the coexistence of
multiple viral, lifestyles, dietary, and environmental risk
factors. While detailed assessment of these factors is beyond
the scope of this work and will require extensive case-
control comparison studies, the present pilot study shows

notable differences when compared with the results of
studies in Western countries. These differences are (1)
the high prevalence of R249S, which is unexpected in a
country where exposure to aflatoxin through the diet is
considered as relatively low; (2) the high prevalence of HBV
infections (80.8%), taking into account occult infections;
(3) the relatively modest role of HCV infection, which is
present in only a small proportion of the cases, mostly in
conjunction with HBV infection; (4) the coexistence of TP53
and CTNNB1 mutations in a proportion of the cases (3 cases
among the 11 with either TP53 or CTNNB1 mutations),
inconsistent with a systematic mutual exclusion between two
distinct pathways of carcinogenesis.

There is evidence that R249S is caused by direct adduc-
tion of aflatoxin metabolites on the third base of codon 249.
This mutation is very specific for HCC in high incidence
areas of China or sub-Saharan Africa, and there is a good
overall concordance between the prevalence of this mutation
in HCC and the levels of exposure to aflatoxins in the
general population. In Thailand, the population exposure is
considered as low to intermediate. In 1993 a study conducted
on a series of 15 HCC cases from central Thailand reported
only one R249S (6.7%) [3]. However, more recently Kuang
and collaborators [4] reported a prevalence of R249S of
24% in HCC cases from Chiang Mai in the Northern part
of Thailand. Our results (26.9%) are compatible with their
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results [4] and suggest that exposure to aflatoxin in the
general population of Thailand may be higher than pre-
viously recognized, despite absence of detectable aflatoxin-
DNA adducts in liver tissues of patients. In line with this
notion, a recent assessment of aflatoxin contamination in
Thailand in two basic dietary components, corn and peanuts,
has shown mean aflatoxin levels which are 3 to 5 times
higher than the Thailand Regulation limit [34]. Although
these levels are about 4 times lower than those reported in
populations where HCC is highly prevalent, they suggest that
aflatoxin may still play an important role as a cofactor with
chronic HBV carriage in causing HCC in Thailand.

Patients with R249S were all HBV carriers, and they
tended to be younger than those without mutation or with
mutation at other codons. This pattern is similar to the one of
HCC in areas of high HBV endemicity combined with high
exposure to aflatoxin [23]. Interestingly, we noted that occult
HBV infection represented 27.8% of all HBV-positive cases,
compatible with previous studies in China (26%, n = 132) or
Taiwan (29%, n = 31) [35, 36]. None of these cases harbored
an R249S mutation. These observations are consistent with
the hypothesis that occult HBV infection may play a causal
role in the pathogenesis of HCC [37, 38].

In agreement with previous studies [39], HBV geno-
type C was predominant (81.8%), followed by genotype
B (18.2%). The BCP double-mutation 1762T/1764A was
detected in all of the 6 patients analyzed, either in the tumor
(1 case), the adjacent tissue (2 cases), or both (3 cases).
Thus, despite published results suggesting that this mutation
may be associated with increased severity of infection and
cirrhosis, our results do not suggest selection of the mutation
during tumor progression.

Occult hepatitis may result from different mechanisms
including defective HBsAg expression (due to, e.g., structural
or regulatory mutations in S gene [24, 40]) or inhibition
of HBV replication due to HCV co-infection [41, 42]. Of
the S gene sequences analyzed in the present study, two
exhibited escape mutations in the antigenic determinant “a”
(G145R + I126N for THAI10 and G145R for THAI27); while
we did not detect any nucleotide change in the S sequence
of the 7 cases with overt HBV infection. A third sequence
(THAI26) exhibited a double nucleotide substitution I126A
+ P127T that has not been reported so far. The consequences
of this mutation are unknown, although the contiguous
isoleucine to proline substitution may induce structural
changes explaining the absence of HBsAg response.

In our study, HCV infection rate is 5.25-fold lower
than HBV, confirming a low to intermediate contribution
of HCV in HCC development. However, it is important to
note that a strong accumulation of HCV envelope protein
was detected in regeneration nodules of either mono- or
coinfected samples (Figures 3(g) and 3(h)), suggesting active
replication of the virus within tumor cells.

Studies on genetic alterations in HCC identifying two
distinct pathways for hepatocarcinogenesis lead to consider
that mutations in TP53 and CTNNB1 rarely occur simulta-
neously in liver tumors. However, this model is essentially
based on results obtained on tumors from Western countries
and it is unclear whether it also applies to HCC in a context

of aflatoxin exposure. Our results suggest that CTNNB1
mutations may be present in HBV-infected tumors together
with R249S. It should be considered that, in the context
of aflatoxin exposure and chronic HBV infection, R249S
is likely to occur as an early event, which may contribute
to genetic and chromosomal instability and thus facilitate
cell proliferation and survival in the hostile conditions that
result of the combined exposure. This, in turn, may increase
the risk of acquisition of mutations in many other genes
including CTNNB1. In contrast, in a context of low aflatoxin
exposure, events other than TP53 mutations are likely to
take place as early steps. CTNNB1 mutations may represent
such an early event, which may be conditional for the entire
sequence of subsequent events during tumor progression. In
such a scenario, TP53 mutations may occur as a late event in
a subset of cancers. Thus, we propose that HCC that arises
in a context of aflatoxin exposure may develop according
to a specific sequence of genetic events that may include
both TP53 and CTNNB1 mutations. The identification of
key steps in this sequence will require extensive comparative
studies on gene alteration and expression patterns from HCC
from different geographic areas and etiological contexts.
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Hepatitis B virus (HBV) and hepatitis C virus (HCV) infections are the principal risk factor associated to end-stage liver diseases
in the world. A study was carried out on end-stage liver disease cases admitted to an important hepatology unit in Medellin, the
second largest city in Colombia. From 131 patients recruited in this prospective study, 71% of cases were diagnosed as cirrhosis,
12.2% as HCC, and 16.8% as cirrhosis and HCC. Regarding the risk factors of these patients, alcohol consumption was the most
frequent (37.4%), followed by viral etiology (17.6%). Blood and/or hepatic tissue samples from patients with serological markers
for HCV or HBV infection were characterized; on the basis of the phylogenetic analysis of HCV 5′ UTR and HBV S gene, isolates
belonged to HCV/1 and HBV/F3, respectively. These results confirm the presence of strains associated with poor clinical outcome,
in patients with liver disease in Colombia; additionally, HBV basal core promoter double mutant was identified in HCC cases. Here
we show the first study of cirrhosis and/or HCC in Colombian and HBV and HCV molecular characterization of these patients.
Viral aetiology was not the main risk factor in this cohort but alcohol consumption.

1. Introduction

Hepatitis B virus (HBV) and hepatitis C virus (HCV)
infections are a serious health concern due to their global
distribution and direct relationship with liver cirrhosis and
hepatocellular carcinoma (HCC) development. In average,
57 and 78% of cirrhosis and HCC cases are attributable
to these hepatotropic viruses [1, 2]. HCC is the most
common primary liver tumor that presents a heterogeneous
prevalence among different ethnic groups and geographic
regions. More than 80% of HCC cases occur in Asia and
Africa: Japan, China, and Niger, holding an incidence of
20–500 cases/100.000 inhabitants; South American countries
present a lower incidence (5 cases/100.000 inhabitants),

particularly in Colombia; an incidence of 2 cases/100.000
inhabitants is estimated [3].

Although clinical significance of the HBV and HCV
genotypes has not been completely elucidated, increasing
epidemiological data suggests that some genotypes could
be related to higher risk of HCC development [4–8]. For
example, the HCV subtype 1b (HCV/1b) is associated with
more severe clinical outcome and poor antiviral response.
Moreover patients infected with HBV genotype C (HBV/C)
present a higher frequency of HCC than HBV/B-infected
patients [9–13]; patients with HBV/F seem to follow a
similar tendency like HBV/C-infected patients [14, 15]. In
the same way, a double mutation (A1762T/G1764A) in HBV
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High incidence of HCC is mostly due to the combination of two major risk factors, chronic infection with hepatitis B (HBV) and/or
C (HCV) viruses and exposure to the mycotoxin aflatoxin B1, which induces a particular mutation at codon 249 in TP53 (R249S).
Eight genotypes of HBV are diversely found in high and low incidence areas. Regardless of documented strong associations between
TP53 R249S mutation and HBV genotypes B, C, A or E, there is no report of such association for genotype D despite of the
presence of aflatoxin in areas with high prevalence of HBV genotype D. In Iran, 3% of the population is chronically infected with
HBV, predominantly genotype D. Twenty-one histologically confirmed HCC cases from Iran were analyzed for TP53 R249S and
HBV double mutations 1762T/1764A, hallmarks of more pathogenic forms of HBV. We did not detect any of these mutations. In
addition, we report the only case identified so far carrying both R249S mutation and chronic HBV genotype D, a patient from The
Gambia in West Africa. This paper suggests that association between HBV genotype D and aflatoxin-induced TP53 mutation is
uncommon, explaining the relatively lower incidence of HCC in areas where genotype D is highly prevalent.

1. Introduction

Hepatocellular carcinoma (HCC) is the sixth most common
cancer, accounting for about 5% of all human cancers and
the second cause of cancer death in the world [1]. In 2008,
an estimated of 748,000 new cases of liver cancer occurred
and 696,000 people died of this cancer. Although liver cancer
is a global health problem and a major cause of mortality
and morbidity, low-income, tropical countries are more
commonly affected, and 80% of cases occur in these regions,
especially in South-East Asia and Sub-Sahara Africa [2].
HCC is the third most common cancer in China with the
age-standardized rate (ASR) of 37.4 and 34.1 per 100,000
person-years in males and females, respectively. In Western
Africa, the ASR of HCC is 16.6 in males and 16.5 per 100,000
person-years in females, where this cancer accounts for the

second most common cancer [1]. Cancer risk is 2–7 times
higher in men than in women but this ratio varies across the
world.

The most important risk factors for liver carcinogenesis
include chronic infections with hepatitis B (HBV) and C
(HCV) viruses, chronic alcohol consumption, and consump-
tion of aflatoxin B1 (AFB1) contaminated food. With the
presence of about 2 billion people with past or present HBV
infection across the world and more than 350 million chronic
carriers, HBV remains one of the most common human
pathogens and a significant public health problem. Different
mechanisms are suspected to be responsible for its role in
liver carcinogenesis. HBV, a member of hepadnaviruses, has
a partially double-stranded DNA genome containing four
overlapping open reading frames: Pre-C/C, encoding the
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HBeAg and HBcAg; P, encoding the viral polymerase; Pre-S/S
encoding the three viral surface proteins; and X, producing
HBx protein. HBx is a 17.5 KDa, 154 amino acid multi-
functional regulator protein that has been closely associated
with HCC. It is known that HBx stimulates HBV replication
and interferes with many cellular signaling pathways but its
precise role in human liver carcinogenesis is still unclear.
Furthermore, the integration of HBV in 80–90% of host
genome of HBV-infected HCC cases has been reported,
suggesting a mechanism of insertional mutagenesis. Several
studies have shown that C-terminal truncation of integrated
HBX may promote tumorigenesis [3–6].

HBV has a variable genome sequence and is currently
classified in eight different genotypes (from A to H), the
prevalence of which varies geographically. Genotypes B and
C are the most prevalent HBV forms in high incidence areas
in South-East Asia, while genotype E is common in West
Africa and genotype D is the major genotype in eastern
Africa, Middle East, Central Asia, and India [7]. The diverse
oncogenicity of HBV genotypes has been studied by multiple
researchers [6, 8, 9]. However, the impact of their role in
molecular mechanisms of carcinogenesis has not been fully
investigated yet.

Epidemiological studies in high incidence areas indicate
that dietary AFB1 contributes to the development of HCC
and that the two main risk factors, HBV and AFB1, have a
synergistic effect in liver carcinogenesis [10]. Aflatoxins are a
group of mycotoxins that contaminate many sources of food
in hot and humid countries such as West Africa, parts of
China, South-East Asia, and regions of Latin America. The
molecular hallmark of AFB1 intoxication in relation to HCC
is a specific mutation at codon 249 of the TP53 gene. This
mutation is a single-base substitution at the third base of
codon 249 (AGG to AGT), which replaces an arginine “R”
by a serine “S”. This mutation has been reported in about
75% of HCC cases in high incidence areas (China or East
Africa). Such a mutation is not detected in HCC cases from
nonaflatoxin contaminated areas [11].

In addition, a double mutation in HBV genome cor-
responding to an adenine to thymine transversion at
nucleotide 1762, and a guanine to adenine transition at
nucleotide 1764 (1762T/1764A) has been reported as strongly
associated with risk of HCC in high incidence areas of China,
Thailand, or West Africa [12–15].

In this paper, we have analyzed HCC cases from Iran, a
Middle East/Central Asian country of moderate incidence of
HCC (ASR of 2.1 per 100,000 person-years in both sexes)
despite the relatively high prevalence of chronic carriage
of HBV, mainly genotype D [16–18], in the population
and the document presence of aflatoxin, at least levels, in
several components of the diet [19–21]. With the objective
of documenting possible association between genotype D
and molecular hallmarks of HCC detected in high incidence
areas, we have analyzed TP53 R249S mutations and HBV
double mutations. In addition, we are documenting one
case of a patient from West Africa with HBV genotype
D and TP53 R249S mutation. This study establishes that
association between TP53 R249S and HBV genotype D is
uncommon, providing a clue to explain the relatively modest

incidence of HCC in regions where this genotype is the most
common.

2. Materials and Methods

2.1. Case Selection. Thirty-four formalin fixed paraffin
embedded (FFPE) HCC cases were selected from the pathol-
ogy archives of two hospitals (Shariati and Atieh) and one
day clinic (Tehran Gastroenterology and Hepatology Center)
in Tehran, based on the diagnosis, size of the tissue, and the
availability of the clinical data. All cases were histologically
and immunohistochemically confirmed as primary HCC.
Cases were rereviewed by a pathologist at the International
Agency for Research on Cancer (BA-A) to confirm the
diagnosis and to annotate tumor areas containing at least
70% of tumor cells. The study was conducted in accordance
with international ethical standards applicable both in Iran
and at IARC. In particular, cases were retrospectively selected
from the pathology archives and were anonymized prior to
analysis. The HCC case from The Gambia was identified in
the context of a case-control study, the Gambia Liver Cancer
Study (GLCS), the design and ethical approval of which has
been previously described [22].

2.2. DNA Extraction. Sequential sections were prepared from
selected FFPE blocks, and DNA was extracted by using
QIAamp DNA MicroKit from QIAGEN (Hilden, Germany)
as described by the manufacturer. The quantity of extracted
DNA was measured by Nanodrop.

2.3. Detection of TP53 Mutations. For TP53 mutations
analysis, exon 7 (encompassing R249S) was amplified by PCR
and directly sequenced. Sequencing was performed on an
Applied Biosystems PRISM 3100 Genetic Analyzer (Applied
Biosystems, Foster City, CA). Each PCR product was gener-
ated in duplicate, with one product sequenced in the forward
direction and the other in the reverse direction. In the
case of discordant sequencing results, the complementary
sequences were analyzed and the final result was confirmed
by sequencing a third, independent PCR product. Primers,
PCR, and sequencing conditions are described in detail on
the TP53 IARC database website at http://www-p53.iarc.fr/.
Chromatograms were analyzed semiautomatically by visual
inspection of sequences imported in sequence analysis
software Seqscape (Applied Biosystems) using the refer-
ence sequence NC 000017.9 from Genbank (http://www-
p53.iarc.fr/TP53sequence NC 000017-9.html). Sequencing
results were reevaluated by restriction fragment length
polymorphism (RFLP) with HaeIII, the cutting site of which
(GGCC) is abrogated by R249S mutation (GTCC) [22].

2.4. Analysis of HBX Status and Mutations. The method used
for HBX amplification is based on the method described
by Ma and coworkers [5]. Four overlapping amplicons of
progressive length, starting at the 5′ end of HBX sequence,
were generated, the shorter one covering the first 139 bp
and the longer one covering the whole gene sequence
(425 bp). One common forward primer X1F was used in
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all PCR (5′-GGGACGTCCTTTGTCTACGT-3′), and four
different reverse primers were used along HBX gene, X1R
(5′-GGGAGACCGCGTAAAGAGAG-3′) (139 bp), X2R (5′-
GTGCAGAGGTGAAGCGAAGT-3′) (192 bp), X3R (5′-
CCCAACTCCTCCCAGTCTTT-3′) (334 bp), or X4R (5′-
GGCAGAGGTGAAAAAGTTGCA-3′) (425 bp). Fifty cycles
were performed for all reactions after activation of the
GoTaq Hot Star Polymerase at 94◦C for 2 min (0.5 U,
Promega) (denaturing at 94◦C for 45 sec, annealing at 62◦C
for 45 sec, and extension at 72◦C for 45 sec) followed by
extension at 72◦C for 10 min. Mutation analysis of HBX
gene was performed using nucleotide and protein alignment
with GenBank references HBX genes of genotype D (the
predominant genotype in Iran) with MEGA5 software [23].

2.5. HBS Amplification and Genotype Determination in a
Patient from The Gambia. HBS gene was amplified from
free-circulating plasma DNA using a heminested PCR.
For the first reaction, 2 µL of DNA were used with
primers S HBVpol1 (5′-CCTGCTGGTGGCTCCAGTTCA-
3′) and S HBVporv2 (5′-AAAGCCCAAAAGACCCAC-
AAT-3′); PCR settings were 95◦C (15 min); 40 cycles of
95◦C (30 sec), 60◦C (30 sec), 72◦C (1 min); then 72◦C for
7 min. Second step used 2 µL of the first reaction and
primers S HBV123s (5′-TCGAGGATTGGGGACCCTG-3′)
and S HBVporv2 PCR settings were 95◦C (15 min); 45 cycles
of 95◦C (30 s), 58◦C (30 s), 72◦C (1 min); then 72◦C for
7 min. 5 µL of PCR products were purified using standard
ExoSap-IT (usb Corporation, Ohio, USA) enzyme, and
nucleotide sequences were determined for both strands
by automated dideoxy sequencing (sequencer AbiPrism
3100, Applied Biosystems, CA, USA). Direct sequencing
on amplified fragments was performed using the primers:
S HBV123s, S HBVporv2 and S HBV778r (5′-GAGGTA-
TAAAGGGACTCAAG-3′). HBV genotypes and subtypes
were determined as previously described [24] and a phylo-
genetic tree was made using the software MEGA5 [23].

3. Results and Discussion

Of the initial 34 cases of archived HCC cases from Iran,
exon 7 was successfully and reproducibly analyzed in 18
cases and HBX mutations were analyzed in 21 cases. Other
samples could not be fully analyzed due to insufficient
quality and/or low amount of extracted DNA. Table 1 shows
the characteristics of the 21 analyzed cases and the major
findings. Mean age was 56.4(±19.3) years and all except one
(5%) were men. HBV immunological data was available in
the medical files of 15 (71.4%) cases, including 6 (28.6%)
positive cases and 9 (42.8%) negative cases. Data was
not available for the other 6. Cirrhosis was histologically
confirmed in 7 subjects (33.3%), absent in 7 (33.3%), and
no data was available for the rest (7; 33.3%). HBX was not
present in one case (4.8%), complete in 7 (38.1%), and 3′-
truncated in 12 (57.1%). Our results on HBX status showed
a higher proportion of 3′-truncated HBX, concordant with
a previous study which has reported a COOH-deletion in
about 80% of HCC from China [5]. Moreover, of the 20 cases
positive for HBX (complete or 3′-truncated) only 6 were

Table 1: Characteristics and molecular status of 21 HCC cases from
Iran.

Characteristics No. (%)

Mean age (±SD) 56.4 (±19.3)

Sex

Women 1 (4.8)

Men 20 (95.2)

HBV status

Positive 6 (28.6)

Negative 9 (42.8)

N/A 6 (28.6)

Cirrhosis

Present 7 (33.3)

Absent 7 (33.3)

N/A 7 (33.3)

TP53 mutation (R249S)

Absent 21 (100.0)

Present 0 (0.0)

HBV Double mutation (1762T/1764A)

Absent 21 (100.0)

Present 0 (0.0)

HBX status

Complete 8 (38.1)

3′-Truncated 12 (57.1)

Absent 1 (4.8)

N/A: Not available.
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Figure 1: Number of mutations along of HBx amino acids.
Mutation analysis was performed using alignment with GenBank
HBV references by MEGA5 software [23]. Four main mutation
points were amino acids 30, 78, 101, and 116.

positive by serology. Noteworthy, among the 6 cases without
information about HBV serology, all but one were positive
for HBX. Together, these observations suggest a relatively
high prevalence of occult HBV infection.

Both TP53 R249S mutations and double mutations
1762T/1764A in HBV genome have been considered as
hallmarks of aflatoxin-induced HCC in a context of HBV
chronic infection. Kuang et al. reported the detection of
these mutations in both plasma and tumor samples of
HCC cases and most importantly, they were detected in
some individuals up to 8 years before HCC diagnosis [13].
In this paper, we selected a small group of histologically
confirmed HCC cases from Iran, where HCC is the 11th
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Figure 2: Neighbor-joining phylogenetic analysis using HBS gene of genotype D. The four subgenotypes D1 to D4 sequences were extracted
from GenBank. The HCC R249S positive case from the case-control study from The Gambia is shown by an orange arrow and corresponds
to subgenotype D1 (green circle). Made by the software MEGA5 [23].

most common cancer and chronic HBV infection affects
3% of the population and is considered as a major health
problem and probably the most common cause of HCC in
this region. Mutation analysis of TP53 and HBX did not show
case positive for R249S or 1762T/1764A mutation, suggesting
that these two hallmarks of HCC were absent or infrequent
in this particular etiological context.

The predominant HBV genotype in Iran is genotype D,
which is different from the most common genotypes found
in highest incidence areas (genotypes B and C in South-
East Asia, genotypes E and A in West Africa, genotypes
A, G, and F in Americas). The sample size of our study
was small, and most of our samples were selected among
needle biopsies with tiny pieces of tissues, which limited the
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success rate for amplifying DNA and obtain high quality
DNA to perform a complete molecular analysis. For example,
we failed to amplify HBS gene for genotype analysis of
our cases, thus making it not possible to formally identify
the genotype of these patients. We thus relied on previous
publications from different parts of Iran, which detected
genotype D as the predominant one [16–18]. Nevertheless,
our paper is the first one that analyzed the molecular
hallmarks of carcinogenesis in HCC cases in an area of
high predominance of genotype D. The absence of double
mutations 1762T/1764A in HCC in Iran (Figure 1) shows that
different HBV genotypes may undergo specific mutations in
the process of hepatocarcinogenesis. The fact that genotype
D does not appear to acquire nor accumulate the mutations
that characterize the genotypes associated with HCC in areas
of high incidence may explain at least in part the relatively
low incidence of HCC in Iran and in other countries of
high prevalence of genotype D despite relatively high chronic
carriage of HBV in these populations. Interestingly, HBX
mutation analysis identified mutations in amino acids that
have not been noted in HBV genotypes from high incidence
areas so far. These include mutations at amino acid numbers
30, 78, 101, and 116 (Figure 1). This finding may represent
another molecular difference of liver carcinogenesis between
high and low risk regions. Further studies are needed to
understand the role of HBV genotypes and mutations that
are less common in low incidence regions.

The absence of TP53 R249S mutations in HCC from Iran
also suggests that the mechanisms of carcinogenesis involved
are distinct from those that drive hepatocarcinogenesis in
areas of highest incidence. Recent reports analyzing the
presence of AFB1 in food and nuts from Iran have failed
to show significant levels of fungal contamination [19–21].
Therefore, the population exposure to aflatoxin might be
low, although aflatoxin contamination is detectable in many
regions spanning the areas of high prevalence of the genotype
D of HBV.

The present paper highlights that genotype D and R249S
mutations are not incompatible or mutually exclusive in
HCC pathogenesis. Indeed, we report here a single HCC
case from a previously described case-control study from The
Gambia (West Africa) with HBV infection by genotype D1
(subtype ayw2) (Figure 2) and with the presence of the R249S
TP53 mutation [22, 25, 26]. This HCC case R249S-genotype
D1 is the first one described so far having these molecular
characteristics. The patient is a 45-year-old man without
HBV double mutation. Several epidemiological studies have
shown that the risk of HCC is increased in the presence of
both HBV infection and AFB1 exposure. R249S mutation
has been shown to be detectable in plasma DNA and tumor
tissue of HCC cases in China and in The Gambia where AFB1

and HBV infection are prevalent with genotypes B, C, A,
and E, respectively. However, this R249S mutation has never
been reported in the presence of HBV genotype D even in
India where predominance of HBV genotype D could be
considered as the major risk factor for liver carcinogenesis
possibly reinforced by the presence of AFB1 exposure
[8, 11].

4. Conclusion

Our results on HCC cases from Iran, an area with HBV
genotype D infection, failed to detect the molecular hall-
marks of the etiologic role of HBV chronic infection and
AFB1 exposure in liver carcinogenesis. Our findings are the
starting point for further studies to evaluate and to discover
the molecular mechanisms of HBV genotypes differently
distributed in high-risk regions. In addition, we described
here the first case of HCC in a patient from The Gambia with
the TP53 R249S mutation and infection with HBV genotype
D1, showing that, despite its relative rarity, the association
between genotype D and TP53 R249S mutation may occa-
sionally occur. Further studies are needed to understand
the molecular mechanisms of synergy between HBV chronic
infection and aflatoxin mutagenesis in order to explain
why this association may operate more systematically with
certain, but not all, HBV genotypes. Such difference might
be of major importance to evaluate the impact of risk factors
on the incidence of HCC in different parts of the world.
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basal core promoter (BCP) region has been implicated with
severe clinical outcome and poor response to nucleosides’
analogues [4, 16–20].

Considering that Latin American region is extremely
diverse in culture, ethnicity, socioeconomic status, and
health systems, the research findings of neighbour countries
are not totally comparable. Until now, the epidemiological
pattern of end-stage liver diseases in Colombia is unknown,
and no report has described the molecular characterization
of HBV and HCV in this group of patients [21, 22]. In
the present study, aetiology and viral genotypes, subgeno-
types/subtypes, and HBV pre-C/C mutants were analyzed
in cirrhosis and/or HCC cases attended at the Pablo Tobon
Uribe Hospital (HPTU) during the period 2005–2007 in
Medellin, the second largest city in Colombia.

2. Materials and Methods

2.1. Patients. From February 2005 to February 2007, 131
patients with end-stage liver diseases (cirrhosis and/or HCC)
were enrolled in this study; previous voluntary informed
consent sign was obtained. All patients were recruited at
the Hepatology Unit of HPTU in Medellin city, Colombia.
Diagnosis of liver cirrhosis was established according to the
following findings: hepatic encephalopathy, ascites, digestive
bleeding due to esophageal varices, coagulopathy, sponta-
neous bacterial peritonitis, hepatorenal syndrome, imaging
criteria (ultrasonography, magnetic resonance, and tomog-
raphy), and/or liver biopsy; HCC diagnosis was performed
following the guidelines of the European Association for the
Study of the Liver (EASL).

2.2. Samples. Serum and liver tissue samples were obtained
from patients who underwent liver transplantation. Both
types of material were kept at −70◦C until processing;
the following serological markers were assessed in samples:
HBsAg, total anti-HBc, and anti-HCV (Roche).

2.3. Viral Genome Detection. Total RNA and DNA were
isolated from samples with serological markers for HBV
and/or HCV, using Trizol reagent (Invitrogen, USA). HBV
DNA was amplified by PCR, using S-gene-specific primers
[23]. The HCV genome was assessed by nested RT-PCR,
using flanking primers for 5′UTR, following a protocol
previously published [24, 25]. As a positive control, samples
with HBV or HCV genome detection were used; liver tissue
from a patient with diagnosis of cirrhosis associated to
alcohol intake abuse, without HBV or HCV infection, was
used as negative controls. All assays were performed in
duplicate.

2.4. Molecular Characterization of HBV and HCV. In order
to know the viral genotype, different PCR products were
sequenced to perform a phylogenetic analysis; HCV geno-
typing was conducted with the 5′ conserved region (5′UTR),
using the primers’ set described before for HCV detection
[24, 25]. To amplify the full HBV genome (3200 nts), a first
round of PCR was performed with P1 and P2 primers [26].

A second round of PCR was carried out with some isolates
using primers 58p-1450n, 1860p-2853n, 2440p-58n, 1101p-
P2, P1-2440n, and 1450p-P2, to obtain the total genome
sequences by subregions’ amplification [27]. When total
HBV genome was not amplified with the primers mentioned
above, the small S gene fragment was amplified using 58P-
1101N in the first round and s3-s3as (319 nt) in a second
round [27, 28], or hep3-hep33 as a unique round of PCR
[29].

All sequences obtained were compared with GenBank-
available sequences of known genotypes, including subgeno-
types/subtypes. Phylogenetic analyses by neighbour joining,
maximum parsimony, and maximum likelihood were con-
ducted with PAUP 4.0, MEGA 4.1; Treeview program was
used for tree representation. Recombination events were
studied by bootscanning and similarity analysis (Simplot).

To evaluate mutations in HBV BCP (A1762T/G1764A)
and pre-C/C (G1896A), analysis of the sequences was
carried out by comparison with other GenBank sequences
of different HBV genotypes considering mutants and wild
type. BioEdit program was used for this purpose. The
accession numbers of sequences included are as follows:
HBV: FJ589065; FJ589066; FJ589067; FJ589068; FJ589069;
FJ589070; HCV: JF693486, JF693487, JF693488, JF693489.

3. Results

3.1. Demographic and Clinical Characteristics of Patients. The
mean age of the 131 individuals was 58.1 years (range: 17–
85 years); most of patients recruited were males (65.6%).
According to the followed clinical guidelines, 71% evidenced
cirrhosis, 12.2% HCC, and 16.8% cirrhosis and HCC
(HCC/Ci∗). Interestingly, when risk factors were analyzed
alcohol intake abuse was the most frequent risk factor
(37.4%), followed by viral etiology (17.6%), autoimmunity
(9.9), NASH (7.6%), and other causes such as metabolic
disorders and biliary disease (16.8%); 10.7% of the cases
were not associated to any risk factor assessed (Table 1). The
most frequent clinical manifestations were esophageal varices
(64%), ascites (61.8%), coagulopathy (46%), and hepatic
encephalopathy (38.2%); most of patients were scored at the
Child B and C (>75%), indicating an advanced chronic liver
disease in patients enrolled.

From 131 patients included in the present study, 14 were
positive for the HBsAg serological marker (10.7%) and 9
for anti-HCV (6.9%); most of patients infected by HBV and
HCV were males (60.8%). The mean age of these 23 patients
was 56.6 (range 34–74 years). Among them, 22 had diagnosis
of liver cirrhosis and 7 had HCC in addition (HCC/Ci∗);
just one patient had diagnosis of HCC without cirrhosis.
According to the phenotype, 20 patients corresponded to
non-Amerindian individuals; besides, the three others were
patients from El Salvador, Venezuela, and Israel (Table 2).

3.2. Phylogenetic Analysis. In 4 out of 8 tissue samples from
patients infected by HCV, it was possible to successfully
sequence the 5′UTR. The expected grouping was observed
among Genbank sequences after phylogenetic analysis
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Figure 1: Unrooted Tree generated with MEGA software, using 5’UTR HCV sequences. Solid green circle indicates the position of isolate
characterized in the present study. The accession number of the sequences are shown.

conduction, with minor method-dependent changes (data
not shown). All four isolates belonged to HCV genotype 1.
Three HCV strains corresponded to HCV subtype 1b and
one to subtype 1a (Figure 1).

In the case of HBV, seven strains were sequenced; four
strains from liver tissues and three were serum sample
derived. In one additional isolate (UdeA-072) the HBV

genome was detected by PCR, although it was not possible
to obtain a clear electropherogram after several assays. HBV
S gene sequence analysis showed that all isolates belonged to
genotype HBV/F, validated by the HBV GenBank sequence
grouping results and high bootstrap values observed in
most tree branches. Similar topology was observed among
trees generated by the different inference methods (data
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Table 1: Description of End-stage liver disease cases recruited.

Characteristics Proportion (%)

Risk factors

Alcohol intake 37,4

Viral etiology 17,6

Cryptogenic 10,7

Autoimmunity 9,9

NASH 7,6

Others∗ 16,8

Clinical findings

Esophageal varices 64

Ascites 61,8

Coagulopathy 46

Hepatic encephalopathy 38,2

Spontaneous bacterial peritonitis 15,7

Hepatorenal syndrome 8,9
∗

Metabolic disorders, biliary disease, or both.

not shown). Five isolates grouped into the clade of South
American strains (Codes UdeA-009, UdeA-054, UdeA-056,
UdeA-083, and UdeA-089); this clade included the first
Colombian isolate characterized by Norder et al. [29].
Interestingly, one of the sequences analyzed (Code UdeA-
024) was less related to this clade (Figure 2).

The complete HBV genome was sequenced in four
strains, two Colombian isolates (Codes UdeA-083 and UdeA-
089) one from Venezuela (Code UdeA-054), corresponding
to subgenotype F3 (HBV/F3), and the sequence from El
Salvador (Code UdeA-024), grouped in a different clade
from the HBV/F3 (Figure 3). Indeed, UdeA-024, belonging
to subgenotype F1a (HBV/F1a), was more closely related to
strains from Central America countries (El Salvador, Costa
Rica, and Nicaragua), in agreement with the origin of the
patient. In the same phylogenetic analysis, partial sequences
(S gen) of strains UdeA-009 and UdeA-056 were added. On
the basis of strict consensus tree generated by maximum
parsimony, these isolates corresponded to HBV/F3; this
grouping was supported by a bootstrap value higher than 80.

The results obtained in the present phylogenetic anal-
ysis are in agreement with the HBV and HCV genotype
geographic distribution in Latin America. Additionally, this
report corresponds to the first description of HBV/F in
Colombian patients with severe liver disease.

3.3. Characterization of G1896A and A1762T/G1764A
Mutants. To establish the presence of G1896A and
A1762T/G1764A mutants, pre-C/C sequences were aligned
with HBV wild-type and mutant prototypes available
in GenBank. The BCP analysis showed that isolates
UdeA-083 and UdeA-089 carried the double mutation
A1762T/G1764A. These isolates were recovered from the
Colombian patients with diagnosis of HCC/Ci∗ (Table 3).
In addition, T at 1858 nucleotide (T1858) was detected
in isolates UdeA-024 and UdeA-054 and C1858 in samples
UdeA-083 and UdeA-089. In UdeA-054, mutant G1896A was
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Figure 2: Phylogenetic tree of HBV genotype A to H generated
by the Neighbour Joining method (PAUP), using HBV S gene
sequences The Hepatitis Woolly monkey virus (WM) sequence was
used as outgroup. Red arrow: isolate characterized from cirrhosis
and/or HCC cases. The accession number followed by genotype
identity is indicated. Bootstrap values are shown (1000 repetitions).
HKY was used to assess distances.

also identified in addition to T1858. The G1896A mutation
correlated with detection of no HBeAg by ELISA in the
corresponding serum sample (Table 3).

4. Discussion

This paper corresponds to the first study of aetiology descrip-
tion in Colombian patients with end-stage liver diseases and
the molecular characterization of HBV and HCV strains
detected in this group of patients.

One of forty deaths around the world is due to end-
stage liver disease. In the present study, 71% of the patients
correspond to cirrhosis cases and 29% to HCC, a similar
result to other descriptions reported in countries of the
region [1, 30, 31]. Among these 131 patients, alcohol
intake abuse was the most frequent risk factor observed
(37.4%), followed by viral infections (17.6%). Although
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Table 2: Clinical and demographic characteristics of patients with positive serological markers for HBV and HCV.

Code Diagnosis Origin Age Gender Alcohol∗
Type of simple Serological marker

Serum
Liver
tissue

HBsAg Anti-HCV

UdeA-001 Ci Colombia 68 F 4 NA Yes Neg Pos

UdeA-002 Ci Colombia 59 M 4 NA Yes Neg Pos

UdeA-003 Ci Colombia 68 M 4 NA Yes Neg Pos

UdeA-004 Ci Colombia 47 M 4 Yes NA Pos Neg

UdeA-006 HCC + Ci Colombia 48 M 4 NA Yes Neg Pos

UdeA-009 Ci Colombia 69 M 1 Yes NA Pos Neg

UdeA-015 HCC + Ci Colombia 68 F 9 NA Yes Neg Pos

UdeA-024 Ci El Salvador 60 M 9 NA Yes Pos Neg

UdeA-054 Ci Venezuela 47 M 3 Yes Yes Pos Neg

UdeA-056 HCC + Ci Colombia 56 F 4 Yes NA Pos Neg

UdeA-058 HCC + Ci Colombia 53 M 9 Yes NA Pos Neg

UdeA-061 Ci Colombia 47 F 4 Yes NA Pos Neg

UdeA-065 Ci Colombia 58 F 1 NA Yes Neg Pos

UdeA-069 HCC Colombia 64 F 4 NA Yes Neg Pos

UdeA-070 Ci Colombia 34 M 4 NA Yes Neg Pos

UdeA-072 Ci Israel 49 M 3 Yes Yes Pos Neg

UdeA-077 Ci Colombia 57 M 1 Yes NA Pos Neg

UdeA-083 HCC + Ci Colombia 67 F 4 Yes Yes Pos Neg

UdeA-087 Ci Colombia 48 M 2 Yes NA Pos Neg

UdeA-089 HCC + Ci Colombia 47 F 4 Yes Yes Pos Neg

UdeA-099 Ci Colombia 56 M 4 Yes NA Pos Neg

UdeA-101 Ci Colombia 74 F 4 Yes NA Pos Neg

UdeA-124 HCC + Ci Colombia 57 M 2 Yes NA Pos Neg

ci: Cirrhosis, HCC: hepatocellular carcinoma, M: male, F: female, ∗Alcohol intake: for male/(female) 1: >80 g/day (40g/day); 2: 50–80 g/day (20–40 g/day); 3:
<50 g/day (20 g/day) 4: no intake; 9: no data; Yes: available; NA: nonavailable; Yes: HBV/HCV-positive sample by molecular analysis; Pos: positive serological
result;Neg: negative serological result.

Table 3: Molecular characterization of HBV isolates corresponding to End-stage liver disease cases: Genotype, Subgenotype and precore/core
mutants.

Code Diagnosis Genotype Subgenotype

Mutation HBV serological markers

pre-C BCP HBsAg
IgG

anti-HBc
HBeAg

1858 1896 1762 1764

UdeA-009 Ci F F3μ — — — — Pos Pos Neg

UdeA-024 Ci F F1a∞ T G A G Pos Pos Neg

UdeA-054 Ci F F3∞ T Aα A G Pos Pos Neg

UdeA-056 HCC/Ci∗ F F3μ — — — — Pos Pos Neg

UdeA-083 HCC/Ci∗ F F3∞ C G T∗ A∗ Pos Pos Neg

UdeA-089β HCC/Ci∗ F F3∞ C G T∗ A∗ Pos Pos Neg

β: both, tissue and serum samples, Ci: cirrhosis, HCC/Ci∗: cirrhosis and hepatocellular carcinoma,∞: based on complete genome analysis, μ: based on S gene
sequence analysis, —: no data, α: nonsense mutation, ∗: double mutant, Pos: positive, Neg: negative. Strains isolated from Colombian patients: UdeA-009,
UdeA-024, UdeA-056, UdeA-083, and UdeA-089. Strain isolated from a Venezuelan patient: UdeA-54. 1.

this epidemiological pattern is usually found in developed
countries, the high proportion of males (in general males
have a higher alcohol intake than females) in the present
study and the HBV vaccination status in Colombia could
be contributing to the risk factors’ pattern of the population

study [32]. On the other hand, the prevalence of cryptogenic
cirrhosis and autoimmune liver disease is according to
previous reports [1, 30].

As previously mentioned, the frequency of cirrhosis and
HCC cases associated to viral etiology in the present study
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Figure 3: HBV subgenotyping (F1-F4), based on the complete
genome analysis using PAUP program. Sequence of genotype G
was used as outgroup (AB056513). The accession number and
subgenotype are indicated followed by the isolate origin letters
code (Sal: El Salvador, CR: Costa Rica, Nic: Nicaragua, Jap: Japan,
Arg: Argentina, Ven: Venezuela, Col: Colombia, Pan: Panama, Bol:
Bolivia, and two Amerindian tribes from Venezuela War: Warao
tribe, Japre: Japreira tribe). Red arrow: sequences belonging to the
present study. Bootstrap values are shown (1000 replications).

was low (17.6%; 23/131). Only 10.7% (14/131) and 6.9%
(9/131) of these patients were positive for serological markers
of HBV (HBsAg) or HCV (anti-HCV) infection, respectively.

The HCV-related HCC has increased in several countries;
80% of infected patients with HCV progress to chronic
infection, while 20% of them develop cirrhosis, and at least
5% of these evolve to HCC [33]. In Latin America, the
world health organization (WHO) estimates an intermediate
prevalence of HCV infection (1–2.5%); moreover, a low
prevalence (0.5–1%) has been reported among Colombian
blood donor population [34–36].

As previously mentioned, Medellin is the second largest
city in the country and the capital of Antioquia State
(Department of Antioquia). Health authorities in Antioquia

have reported a similar HCV prevalence since 2004 (0.2–
0.3/100.000 inhabitants) (Indicadores Básicos 2004–2007).

Contrary to general population, studies in some Latin
American countries show a high HCV prevalence in severe
liver disease. Indeed, HCV infection is the predominant HCC
risk factor in Argentina, Chile, and southeastern states of
Brazil. Furthermore, in a recently prospective multicenter
study of HCC cases from 9 Latin American countries,
the main HCC risk factor was HCV infection (30.8%),
followed by alcohol (20.4%), HBV infection (10.8%), and
then HCV plus alcohol (5.8%) [37–39]. A similar tendency
was observed in Mexican cirrhotic patients, where 39.5% of
recruited patients presented alcohol intake abuse, followed
by HCV infection (36.6%) [40].

Considering the analysis of HCV sequences included in
the phylogenetic analysis, the prototypes clustered according
to the genotypes described in the literature (HCV/1-6),
obtaining similar results with all methods conducted. Inside
the main cluster of genotype HCV/1 was clearly observed
clades assigned to subtype HCV/1a and HCV/1b; Colombian
strains were grouping into these subtypes. Indeed, one
isolate belongs to HCV/1a and three strains to HCV/1b.
This result is consistent with previous reports of HCV
geographic distribution in Latin American countries where
different genotypes are present (HCV/1, HCV/2, HCV/3, and
HCV/4); however, genotype HCV/1 is the prevalent in most
countries of the region including Colombia [41]. Indeed,
HCV/1 has been described in some studies performed by
different approaches in Colombian multitransfused patients,
individuals with elevated aminotransferases, general popula-
tion, and kidney transplant patients [42–45]. This is the first
report based on sequence analysis and developed in samples
of patients with severe liver disease in Colombia. Secondly,
most of research findings agree that HCV/1b is related with
higher risk of severe liver disease [23, 46–48]. It is important
for health authorities in Colombia and other Latin American
countries to develop studies that contribute to knowing the
impact of genotype HCV/1b over the hepatitis C natural
history in the region.

According to WHO, Colombia has a moderate endemic-
ity for hepatitis B, although there are several epidemio-
logical patterns given the geographic, ethnic, cultural, and
socioeconomic status of the population. Actually, Sierra
Nevada de Santa Marta, Orinoquian and Amazon basins,
and southeastern part of the country corresponded to high-
prevalence regions for hepatitis B infection in this country.
However Antioquia state holds a different behavior [49]; in
fact, the general incidence of HBV infection in this state
in the last years range was 2.7–4.4 per 100.000 inhabitants,
while the prevalence in blood donors was 0.3% [49, 50]. As
mentioned above, HBV infection was observed in 10.7% of
the patients analyzed. The study population was recruited
in Medellin, the second largest city in Colombia, in one
of the most important units of hepatology in the country;
even if it is possible that this hospital receives patients from
rural area of Antioquia state and other Colombian states,
most of the cases corresponded to people living in urban
area and not from high-prevalence regions of hepatitis B
infection.
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This heterogeneity of hepatitis B situation is also
described in Brazil; indeed, higher frequency of HBV
infection than other risk factors has been described in HCC
patients from states of northeastern and northern regions of
Brazil but not in patients from southeastern states [51, 52].

The low HBV prevalence described in the present study
contrasts with some studies conducted in Peru and Brazil,
where HBV was reported in 42–63% of end-stage liver
disease cases [51–56]. Contrary to these reports, a low HBV
prevalence has been described among HCC patients from
Chile (6.8%) and Puerto Rico (4%) [57, 58], similar to
other works carried out in the United States, Japan, and
western Europe [1]. On the other hand, on Ecuador a study
conducted in 770 cirrhotic patients linked viral etiology to
2.8% of the cases, while alcohol intake was the most frequent
risk factor associated (48.3%) [59]. Whereas differences
among studied populations (gender, age, origin), diagnosis,
and viral markers are described above, additional studies will
be necessary for clarifying the real statement of hepatotropic
viruses in cases of cirrhosis and HCC/Ci∗ in Colombia and
the region.

On the other hand, the phylogenetic analysis of HBV
showed that HBV/F and subgenotype HBV/F3 were pre-
sented in serum and tissue samples of the Colombian
population analyzed; subgenotypes HBV/F1a and HBV/F3
were also detected in two cases from El Salvador and
Venezuela, respectively. These results are consistent with
previously published reports about molecular diversity of
these hepatotropic viruses, geographic distribution in Latin
America, and their prevalence in severe forms of hepatic
disease. In addition, the A1762T/G1764A double mutant,
associated according to some authors with a poor clinical
outcome, was described in strains isolated from Colombian
patients with diagnosis of HCC/Ci∗. As mentioned before
all isolates of HBV sequenced belonged to HBV/F. It has
been proposed that HBV/F is autochthonous to America
due to its predominance in different ethnic groups, in
particular Amerindian [60]. In Colombia, few studies about
HBV molecular characterization have been published. Two
of them included samples from blood donor populations,
showing a predominance of genotype HBV/F (77–87.23%)
[21, 22]. This result is in agreement with our study and
previous findings of genetic population founder carried out
in the state of Antioquia [61, 62], which revealed that 90%
of the genetic pool (mitochondrial DNA) corresponded to
Amerindian origin. More recently, in Colombia was detected
the genotype HBV/E in nine pregnant women, being the first
description of an exclusively African HBV genotype circulat-
ing in South America [63]; this result also coincides with high
frequency of African haplotypes in population from Choco
state, at the pacific coast of Colombia [64]. The subgeno-
types HBV/F1-F4 have a specific geographic distribution
in America. Indeed, subgenotype HBV/F1a is predominant
in Alaska, Nicaragua, Costa Rica, and El Salvador, while
subgenotype HBV/F1b in Peru and Argentina. Subgenotype
HBV/F2 is prevalent in Venezuela and Brazil and subgeno-
type HBV/F3 in Panama, Venezuela, and Colombia. Finally,
subgenotype HBV/F4 is present in Bolivia and Argentina
[20, 65]. Devesa et al. and Alvarado et al. have characterized

the HBV subgenotypes in samples from Colombian blood
donor isolates; most of the isolates corresponded to HBV/F3.
Genotype HBV/F was also recently characterized in samples
from blood donor population from Medellin by our group
(unpublished data). In the present study, the complete
genome analysis in 4 out of 6 HBV isolates from patients with
cirrhosis or HCC/Ci∗ made it possible to classify 3 of them
into subgenotype HBV/F3, and one strain into subgenotype
HBV/F1a, while partial analysis (small S gene sequence) of
two others showed grouping with HBV/F3 prototypes.

The BCP and pre-C/C mutations have been associated
with clinical outcome severity. One frequent mutation cor-
responds to G1896A in the pre-C/C region which leads to a
premature stop codon preventing HBeAg synthesis [4, 8, 20,
66]. When this region was analyzed, the G1896A mutation
was characterized only in one isolate (UdeA-054), presenting
in addition T1858, while the isolates UdeA-083 and UdeA-089
carry C1858. According to several studies, G1896A is frequent
in genotype HBV/F isolates that carry T1858. A hypothesis for
this coevolution pattern is that hydrogen binding between
nucleotides 1858–1896 is necessary to maintain the low stem
secondary structure of ε signal [67]. The presence of G1896A
in isolate UdeA-054 correlated with no detection of HBeAg
by ELISA in serum sample (Table 3).

When BCP was analyzed, it was demonstrated that
isolates UdeA-083 and UdeA-089 carried the double muta-
tion A1762T/G1764A; these isolates corresponded to two
Colombian patients with diagnosis of HCC/Ci∗.

Regarding the prevalence of double mutation in BCP in
isolates of genotype HBV/F, there are different results. In
fact, in Brazilian patients with chronic infection, the BCP
double mutation was described in 90% of HBV/F isolates;
this double mutation was not identified in any other samples
of these studies [68, 69].

Several authors have proposed that HBV genotype and
BCP mutants could be related with liver disease severity.
Although HBV/B and HBV/C circulate in Asia, patients with
diagnosis of HBV-related HCC present a higher prevalence
of HBV/C infection [9, 12, 13]. Similar findings have been
reported for HBV/F, in a prospective study of 258 patients
with chronic HBV infection; after a mean followup of 94
months, the mortality rate related to liver disease was more
frequent in cases of genotype HBV/F than HBV/ A and
HBV/D infection [14]. Livingston et al. also described an
association of HBV/F and liver disease severity, in particular
HCC risk. They compared the frequency of HBV/F in Alaska
natives with chronic hepatitis B infection with or without
HCC; the frequency of genotype HBV/F was 68% and
18%, respectively [15]. This finding suggested a higher risk
of HCC development in HBV/F cases [15, 60]. Sanchez-
Tapias et al. and Livingston et al. described that genotype
HBV/F, autochthonous to America, could be related with
poor clinical outcome and higher HCC risk development;
however, a higher number of studies should be developed for
a stronger support of these findings.

In addition, the present study is the first report of
A1762T/G1764A in Colombian HBV isolates. Recent studies
assign a more important role to A1762T/G1764A in hepa-
tocarcinogenesis than the HBV genotype itself. It has been
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demonstrated that the BCP double mutation generates a new
binding site for the transcription factor HNF1, regulating
pgRNA transcription and promoting an enhancement of
HBV replicative activity [70]. In patients with HCC due to
HBV infection, isolates belonging to genotype HBV/C carry
a higher frequency of A1762T/G1764A compared to HBV/B
strains [4, 9, 71, 72]. In our study, the presence of BCP double
mutation correlates with HCC diagnosis in those patients.

This study corresponds to the first description of end-
stage liver diseases and the molecular characterization of
HBV and HCV in cirrhosis and HCC/Ci∗ cases in Colombia.
Genotype HCV/1 and genotype HBV/F (subgenotype F3)
were detected in samples belonging to Colombian patients.
This result agrees with previous studies and in the case
of HBV with genetic founder populations in Colombia.
Additionally, HBV/F3 and HBV/F1a were characterized in
isolates from patients from Venezuela and El Salvador,
respectively. The HBV and HCV subgenotyping/subtyping
results obtained in the present study are according to the
geographic pattern and predominance described for these
hepatotropic viruses, especially subgenotypes HBV/F1a and
HBV/F3 in Central and South America, respectively.

On the other hand, mutation of A1762T/G1764A was
characterized in isolates from patients with HCC. Although
the double mutant has been related with higher risk of
HCC development, the descriptive design of our study and
limited sample size do not allow us to assess any type of
statistical association between BCP mutant, genotype, and
clinical outcome. Additionally studies will be necessary to
determine whether HCV/1b, HBV/F, and pre-C/C variants
are associated with a higher risk of cirrhosis and HCC
development.

Moreover, the statement of viral etiology and alcohol
intake abuse in end-stage liver disease cases in Colombia and
Latin America should be explored in further case-control
studies.
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I. Dueño, and F. Rodrı́guez-Pérez, “Hepatocellular carcinoma:
ten years experience among veterans in Puerto Rico,” Puerto
Rico Health Sciences Journal, vol. 26, no. 2, pp. 103–107, 2007.

[59] A. R. Jaysoom, P. O. Vicente, G. V. Cristina, C. Andra, C. M.
Luis, and S. F. Roque, “Etiology, survival, complications and
mortality in liver cirrhosis in Ecuador, 15 years retrospective
evaluation (1989–2003),” Gastroenterol Latinoam, vol. 17, no.
1, pp. 29–34, 2006.

[60] M. Devesa and F. H. Pujol, “Hepatitis B virus genetic diversity
in Latin America,” Virus Research, vol. 127, no. 2, pp. 177–184,
2007.

[61] L. G. Carvajal-Carmona, I. D. Soto, N. Pineda et al., “Strong
Amerind/white sex bias and a possible Sephardic contribution
among the founders of a population in Northwest Colombia,”
American Journal of Human Genetics, vol. 67, no. 5, pp. 1287–
1295, 2000.

[62] G. Bedoya, P. Montoya, J. Garcı́a et al., “Admixture dynamics
in Hispanics: a shift in the nuclear genetic ancestry of a South
American population isolate,” Proceedings of the National
Academy of Sciences of the United States of America, vol. 103,
no. 19, pp. 7234–7239, 2006.

[63] M. V. Alvarado Mora, C. M. Romano, M. S. Gomes-Gouvêa,
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3 Departamento de Patoloǵıa, Facultad de Medicina, Universidad de Antioquia, Medelĺın, Colombia
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Hepatocellular Carcinoma (HCC) is a leading cause of cancer-related death worldwide. Globally, the most important HCC risk
factors are Hepatitis B Virus (HBV) and/or Hepatitis C Virus (HCV), chronic alcoholism, and dietary exposure to aflatoxins. We
have described the epidemiological pattern of 202 HCC samples obtained from Colombian patients. Additionally we investigated
HBV/HCV infections and TP53 mutations in 49 of these HCC cases. HBV biomarkers were detected in 58.1% of the cases; HBV
genotypes F and D were characterized in three of the samples. The HCV biomarker was detected in 37% of the samples while
HBV/HCV coinfection was found in 19.2%. Among TP53 mutations, 10.5% occur at the common aflatoxin mutation hotspot,
codon 249. No data regarding chronic alcoholism was available from the cases. In conclusion, in this first study of HCC and
biomarkers in a Colombian population, the main HCC risk factor was HBV infection.

1. Introduction

Primary liver cancer is the third leading cause of cancer
death. Moreover, it is the fifth and eighth most frequent
cancer among men and women worldwide, respectively.
The most common histological type of liver cancer is
hepatocellular carcinoma (HCC) accounting for 80 to 90%
of the cases [1].

HCC incidence is highly variable among geographic
regions depending on the prevalence of risk factors and the
incidence of liver cirrhosis; actually, 70 to 90% of HCC
cases develop from cirrhotic liver. Major risk factors of HCC
include Hepatitis B Virus (HBV) and/or Hepatitis C Virus
(HCV) infection and heavy alcohol consumption. In fact,
chronic HBV and HCV infections have been recognized as
liver carcinogens with an imputable fraction of at least 75%



2 Hepatitis Research and Treatment

of HCC cases; moreover, it has been estimated that HBV
is responsible for 50 to 80%, whereas HCV is associated to
10 to 25% of HCC cases. Other environmental and genetic
HCC risk factors include dietary exposure to aflatoxins, dia-
betes, obesity, nonalcoholic steatohepatitis, and hereditary
hemochromatosis [1–3].

The burden of HCC is growing in different continents.
Central and South America were in the past known as low-
incidence liver cancer regions. However, according to the last
published GLOBOCAN analysis, the incidence rates of liver
cancer in these countries correspond to low and intermediate
incidence.

Colombia is a country of relatively low incidence of
liver cancer with incidences of primary liver and bile duct
cancers of 3.1/100,000 in males and 2.7/100,000 in females.
However, there is only one active cancer registry in the
country, based in Cali city, an urban area; nevertheless,
whether this situation is representative for the country as a
whole is unknown [4]. Additionally, the national mortality
registry reported around 1,300 deaths from malignant liver
and intrahepatic bile ducts cancer that corresponds to a
mortality rate of 3.23 and 3.09/100 000 in men and women,
respectively [5]. So far, there is no study assessing the
geographic variations in incidence or risk factor of chronic
liver disease and liver cancer in Colombia.

Latin American data about HCC risk factors are limited.
The first recent prospective study of HCC etiology in 9
Latin American countries showed that the primary risk factor
was chronic HCV infection (30.8%), followed by chronic
alcoholism (20.4%), and chronic HBV infection (10.8%) [6].
Although HCV infection is the most important HCC risk
factor in Argentina, Mexico, and Brazil, regional differences
have been described between northern and southern states
in Brazil. Indeed, HBV infection is the most prevalent risk
factor in northern states in Brazil, as in Peru [7–14].

According to the World Health Organization, Colombia
has a moderate endemicity for HBV; although there are sev-
eral epidemiological patterns given the geographic, ethnic,
cultural, and socioeconomic status of the population. Data
from the Colombian National Institute of Health indicate
that, in 2007, a seroprevalence of HBsAg of 0.27% (range
0.08–1.27) was found in 1573 blood bank samples from
across the country. In some rural areas, such as Amazonas
state, rates of chronic HBV carriage over 5% have been
reported [15, 16].

Although the prevalence of HCV infection in the general
population in Colombia is unknown, the WHO estimates a
prevalence between 1 to 2.5% for this country, considering
the data from the National Blood Banks Unit of the
Colombian National Institute of Health. Indeed, while the
seroprevalence of HCV in blood donors was 0.7–1% in 1993–
1996 and 0.5% in 2002, in a cohort of 500 multitransfused
patients recruited from the two largest cities in Colombia,
Bogota and Medellin, the HCV prevalence was 9% [17].

Data on exposure to aflatoxins, a class of mycotoxin
contaminating traditional foodstuff in tropical countries, are
even scarcer [18]. A survey of aflatoxin contamination in
selected Colombian foods was conducted over a 12-month
period on a total of 248 samples collected in supermarkets,

retail stores, and stock centres [19]. Aflatoxins were detected
in 22 samples, including 14 of 109 samples of corn and corn
products and 4 of 40 samples of rice and rice products.
Twelve of the 22 positive samples exceeded the maximum
tolerable level of AFB1 adopted by most countries (5 ng/g),
including 10 samples of corn and corn products. Given that
corn is part of the common diet of Colombian inhabitants;
it is likely that AFB1 may represent a significant exposure
at least in a fraction of the population. Finally, the role
of chronic alcoholism (mostly in the form of cane sugar
alcohol) may also be significant [20–23].

In the present study, we describe the sociodemographic
variables of 202 HCC cases, who attended four reference
institutions in Colombia during the period 2000–2007, and,
for the first time, the prevalence of biomarkers in a series
of 49 HCC cases. We report that the HBV biomarker was
detectable in 58.1% of the cases and the HCV biomarker in
37%. Among TP53 mutations, 10.5% occur at the common
aflatoxin mutation hotspot, codon 249, although G12457T
(exon 5) and G13804A (exon 8) were present in 2.9% of
the HCC samples. Unfortunately, data on chronic alcoholism
was not available from the cases. These results suggest that
the principle HCC risk factor in this Colombian population
is HBV infection and low to moderate of AFB1 exposure.

2. Materials and Methods

2.1. Liver Samples. HCC samples were obtained from
archived cases in the Departments of Pathology of four
institutions in the three largest cities in Colombia, Bogota,
Medellin, and Cali, during the period from 2000 to 2007.
The institutions correspond to Fundacion Santa Fe de Bogota
(47 cases), Hospital Pablo Tobon Uribe (31 cases), Facultad
de Medicina, Universidad de Antioquia (114 cases), and
Hospital Universitario del Valle (10 cases).

From 202 HCC cases registered at the archives, 49
paraffin-fixed liver samples were available for immuno-
chemistry and molecular biology assays. The histological
pattern and grade of tumor differentiation (Edmonson and
Steiner grading system) was assigned by two independent
pathologists.

2.2. Immunochemistry Analysis

2.2.1. p53. The isoforms of p53 were detected on deparaf-
finized tissue sections using standard protocols with CM1
antibody (rabbit polyclonal immunoglobulin G antihu-
man p53, 1/500, Novacastra Laboratories Ltd., Newcas-
tle, UK). The antibodies were detected using biotiny-
lated immunoglobulin G, streptavidine-peroxidase, and
diaminobenzidine-based detection (Vector Laboratories,
Inc., Burlingame, Calif, USA).

2.2.2. HBx and Core HCV. After deparaffinization and
rehydratation antigen retrieval was applied by vaporizer
in Target Retrieval Solution pH 6.0 (Dako). As primary
antibody Core HCV monoclonal antibody (anti-Core HCV
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aa70–90 CHEMICON, Millipore) or HBx monoclonal anti-
body Hepatitis B Virus X-Protein (Trans-Activator X Gene
Product) monoclonal antibody (Clon 227, CHEMICON,
International, Inc.) were used at a dilution 1 : 50. The kit
ultravision LP detection System HRP Polymer and DAB
Plus Chromogen (Lab Vision corporation) was used for the
detection of HBV and HCV antigens.

2.2.3. AFB1-DNA Adducts. The standardization of adducts
detection was performed using liver tissue sections from
rats treated with AFB1. The liver tissue sections were
labeled using the antibody highly specific for AFB1-Fapy
adducts 6A10, developed and characterized by Hsieh et
al. [24]. Briefly, the sections were first treated with 5 mM
Na2CO3/30 mM NaHCO3 (pH 9.0) to open the guanine
adducts ring. The antigen retrieval was performed using
citrate buffer pH 6.0 (Dako). The liver sections were then
treated with RNase A (100 µL/mL, Fermentas, RNase A,
DNase, and Protease-free), with Proteinase K for 10 min at
37◦C (10 µL/mL, Gentra Puregene) and with NaOH 50 mM
in 40% ethanol for DNA denaturation. Slides were then
incubated with the antibody 6A10 at a dilution 1 : 20 at 4◦C
overnight. The reaction was detected using the kit ultravision
LP detection System HRP Polymer & DAB Plus Chromogen
(Lab Vision Corporation).

2.2.4. DNA Extraction. DNA was extracted from 4 µm
unstained paraffin sections. The sections were deparaffined
in xylene and ethanol. Then, the tumor tissue areas of interest
were scrapped into 1.5 mL sterile microcentrifuge. DNA was
extracted using QIAmp DNA Micro kit (Qiagen, Hilden,
Germany), according to the manufacturer’s instructions.
DNA extracts were stored at −20◦C.

2.2.5. TP53 Mutations. DNA was used for amplification of
exon 7 of TP53 gene with the primers flanking the exon
(sense-333 ACTTGCCACAGGTCTCCCCAA and antisense-
313 AGGGGTCAGCGGCAAGCAGA) as described else-
where [25]. Briefly, the PCR was carried out in a volume
of 25 µL containing 5 µL of DNA, 1 U of Platinum Taq
DNA polymerase High Fidelity (Invitrogen Carlsbad, USA),
0.4 µM of each primer, dNTP (200 µM each), 1X High
Fidelity Buffer Taq polymerase (Invitrogen), 0.5 mM of
MgSO4 (Invitrogen), and nucleases-free water (Amresco,
Solon, USA). The PCR reaction involved a 15 min Hot-Star
Taq polymerase activation at 95◦C followed by 45 cycles of
denaturing at 94◦C for 30 sec, annealing at 60◦C for 30 sec
and extension at 72◦C for 30 sec, followed by a final extension
for 10 min at 72◦C.

The specific G to T transversion at codon 249 of exon 7
was analyzed by Restriction Fragment Length Polymorphism
(RFLP). PCR products were digested by HaeIII restriction
endonuclease (Promega, Madison, USA). The fragments
were visualized on 3% agarose gel stained with ethidium
bromide, eluted, reamplified, and sequenced by automated
sequencing (sequencer 3730xl). Additionally, all samples
were analyzed by direct sequencing of PCR products cor-
responding to TP53 exons 7 and also exons 5, 6, and 8 as

described elsewhere [26]. All results represent a minimum of
two fully independent analyses.

2.2.6. Detection of HBV. HBx DNA sequences were ampli-
fied by PCR. Briefly, the PCR was carried out in a
20 µL volume containing Colorless GoTaq flexi buffer,
MgCl2 1.5 mM, dNTP (200 µM each), primers DG-XF4
(GGGACGTCCTTTGTCTACGT), and DG-X1R (GGGA-
GACCGCGTAAAGAGAG) and 0.8 U of GoTaq DNA poly-
merase (Promega). The PCR reaction involved a step at 95◦C
for 2 min followed by 50 cycles of denaturing at 94◦C for
45 sec, annealing at 62◦C for 45 sec and extension at 72◦C for
45 sec, followed by a final extension for 7 min at 72◦C. PCR
products were analyzed by electrophoresis on 2% Agarose
gels and ethidium bromide staining.

2.2.7. HBV Genotyping. The small S gene fragment of HBV
was amplified using YS1-YS2 in the first round, and s3-
s3as (319 nt) in a second round [27, 28], or hep3–hep33 as
a unique round of PCR [29]. All sequences obtained were
compared with GenBank available sequences. Phylogenetic
analyses by Neighbour Joining and Maximum Likelihood
were conducted with MEGA 5.1; this program was also used
for tree representation.

3. Results

3.1. Characteristic of Study Population. During the period
2000–2007, 192 HCC cases were diagnosed at Fundacion
Santa Fe de Bogota (23.3%), Hospital Pablo Tobon Uribe
(15.3%) and Facultad de Medicina, Universidad de Antio-
quia (56.4%). Additionally, 10 cases (5%) were diagnosed
at Hospital Universitario del Valle during the period 2000–
2004.

Among the total HCC cases, 36% were diagnosed in
females and 64% in males corresponding to a male/female
ratio of 1.8 : 1. The average age was 62 years, the median was
61 years, and the age range was 22 to 90. The records of
HCC by age showed a higher frequency starting in the sixth
decade of life in both populations genders. No data from
the cases were available on HCV or HBV status or alcohol
consumption.

The 49 HCC cases included in this study were classified
according to the Edmonson-Steiner criteria as G1 well-
differentiated (4.9%), G2 moderately differentiated (39%),
or G3 poorly differentiated (56.1%). The trabecular type was
the most frequent (56.5%) followed by solid (21.7%), mixte
(13%), glandular (4.4%), and pseudoglandular (4.4%). The
clinicopathological characteristics of the HCC cases included
in this study are summarized in Table 1.

3.2. Mutations in TP53 Gene. The 249ser mutation was inves-
tigated in HCC samples by RFLP followed by sequencing and
by direct sequence of TP53 exon 7 (Figure 1). The presence of
a mutation was confirmed by both techniques in 4 (10.5%)
of 38 HCC samples. The mutation was associated with
overexpression of p53 in two of these samples (10%–50% of
cells stained); for the other two cases, the immunochemistry
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Table 1: Clinicopathological data of HCC cases diagnosed at
four health reference institutions during the period 2000–2007 in
Colombia.

Frequency (%) n = 49

Mean age 63.5 years

Age range 25–88 years

Gender female/male 43.2%/56.8%

Edmondson and Steiner’s grade

G1 4.9%

G2 39%

G3 56.1%

Histological type

Trabecular 56.5%

Solid 21.7%

Mixte 13%

Glandular 4.4%

Pseudo-glandular 4.4%

Biomarkers

HBV 58.1% (25/43)

HCV 37% (10/27)

Coinfection 19.2% (5/26)

AFB1-DNA adducts 0% (0/31)

TP53 gene

Exon 7 (249ser mutation) 10.5% (4/38)

Exon 5 (G12457T mutation) 2.9% (1/34)

Exon 8 (G13804A mutation) 2.9% (1/34)

analysis was not available. No additional mutations were
detected in any other position of TP53 exon 7.

The analysis by direct sequence of TP53 exons 5, 6, and 8
revealed two point mutations in exon 5 (G12457T/V157F)
and exon 8 (G13804A/C275Y) and one SNP in exon 6
(A12708G/R213R) in three (8%) HCC samples of the 34
without 249ser mutation. No accumulation of p53 protein
was demonstrated in the HCC sample exhibiting the muta-
tion G12457T. The assay of p53 protein by immunochem-
istry was not available for the other two samples.

3.3. AFB1-DNA Adducts. A total of 31 liver tissue samples
were analyzed for AFB1-DNA adducts by immunohisto-
chemistry. This biomarker was detected in hepatocyte nuclei
of treated rat liver tissue included in each of the assays
as a positive control; however, none of the HCC samples
analyzed was positive for DNA adducts (Figures 2(a) and
2(b)). Twenty-three HCC samples were analyzed for both
AFB1-DNA adducts and TP53 exon 7, but none of these
samples was positive for the 249ser mutation.

3.4. HBV Infection Biomarkers. Considering that data on
the HBV infection status of the HCC cases analyzed was
unavailable, two biomarkers were included in order to
identify the cases associated with HBV infection. Twenty-
five HCC samples (58.1%, 25/43) were positives for nuclear
HBx protein by immunohistochemical detection (Figures
2(c) and 2(d)) and/or HBx sequence detection by PCR

(nucleotides 1411–1549). From the 25 positives HCC cases,
5 samples were positive for both biomarkers; eleven samples
were positives for one of HBV biomarkers (HBx immunohis-
tochemical detection or HBx PCR), while 9 samples positive
were analyzed for only one of the biomarkers.

The 249ser and G13804A (exon 8) mutations were
identified in two samples positive for HBV biomarkers.
Regrettably, the analysis of HBV biomarkers was not available
in one of the samples positive for the 249ser mutation.

3.5. HBV Genotypes. The small S gene fragment was analyzed
by PCR and sequenced in 23 HCC samples positive for HBV
biomarkers (HBx protein and/or HBx PCR). However, it
was successfully sequenced in just three samples. One of the
reasons for this limited number of samples characterized for
the viral genotype could be the quality of the DNA extracted
from the paraffin-fixed liver tissues.

Phylogenetic study of the S sequence showed that two
isolates belonged to genotype F and one isolate to genotype
D according to the grouping with HBV prototype GenBank
sequences. Similar topology was observed between trees
generated by the different inference methods (data not
shown). The identification of the subtype was not available
in these samples taking into account the limitations of the
size sequence (Figure 3).

3.6. HCV Infection Biomarker. The Core HCV protein was
detected by immunohistochemistry in 37% of the samples
analyzed (10/27); cytoplasmic staining was observed in all
positive HCC samples (Figures 2(e) and 2(f)). HBV/HCV
coinfection was demonstrated in 19.2% (5/26) of the liver tis-
sue samples included in the assays; two were positive for both
biomarkers of HBV and HCV infection, while the other three
were positive for HBx by immunohistochemical detection or
HBx PCR, in addition to the Core HCV protein detection.

4. Discussion

This is the first study of HCC biomarkers carried out in
a Colombian population. The health centers of this study
included two leading Departments of Pathology at the
national level (Fundacion Santa Fe de Bogota and Facultad
de Medicina, Universidad de Antioquia) and two of the most
important hospitals in Medellin and Cali Cities (Hospital
Pablo Tobon Uribe and Hospital Universitario del Valle).

Although, the 202 cases recruited in these centers
during the period 2000–2007 do not represent the national
registries, the data obtained from these reference institutions
contributes to the knowledge of HCC epidemiology of
Colombia.

The burden of HCC has demonstrated an increasing
trend over the past two decades in some regions of the
world [1]. Even in Latin America, previously considered
as a low incidence of liver cancer region, the data from
different countries revealed increasing rates of HCC. Indeed,
the mortality rates for primary liver cancer have increased in
Mexico from 4.1/100.000 inhabitants in 2000 to 4.7/100.000
in 2006 [30]. A similar tendency is observed in Colombia; the
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Figure 1: TP53 249ser mutation in HCC cases from Colombia. (a) TP53 mutation at codon 249 was identified by restriction digestion.
Presence of an undigested 158 bp fragment is indicative of mutation. Wild-type pattern: Lanes 2 (negative control: DNA from healthy donor
lymphocytes), 4 to 8, 11, and 13 (HCC cases). Mutant pattern: Lanes 3 (positive control: DNA from PLC/PRF/5 cell line), 9, 10, and 12 (HCC
cases). MW: molecular weight marker 100 bp. (b) Sequencing chromatograms of a mutant HCC case (a), showing the change from AGG to
AGT and a wild-type HCC case (b).

mortality rates for primary liver and intrahepatic bile duct
cancer were 4.8/100.000 inhabitants in 2000 and 5.0/100.000
inhabitants in 2001 [5, 31]. Moreover, the mortality rates for
these cancers in Antioquia state increased from 6.9/100.000
in 2003 to 33/100.000 in 2005 [32]. The increased trend in
mortality rates for the country and for Antioquia state could
be related to improved diagnostic procedures in the health
system. On the other hand, changes in risk factors over time
could also be implicated.

The analysis of GLOBOCAN data revealed an overall
male : female ratio of 2.4 : 1. The reported ratios usually
varied between 2 : 1 to 4 : 1 depending on the incidence rates
and risk factor patterns over the world. The higher rates of
liver cancer in male population could be due to differences in
risk factor exposure [33].

Central and South America have the lowest reported
male : female ratio for liver cancer; for example, 1.2 : 1
in Colombia and 1.6 : 1 in Costa Rica [33]. However, as
mentioned previously the data sources from Colombia in the
GLOBOCAN database are restricted to the cancer registry of
Cali city. In this study, from the 202 HCC cases, diagnosed
at 4 institutions in Bogota, Medellin, and Cali cities, the
male : female incidence ratio was 1.8 : 1.

In low-risk populations, the highest age-specific rates
arise in patients around 75 years old while in high-risk
population it occurs around 60 to 65 years old. The age-
specific pattern is related to differences in HBV and HCV

prevalence, age of infection, and other relevant risk factors
in a population [33]. The mean age of the 202 HCC cases
of this study was 62 years and the median 61 years. These
data are similar to the median age in other studies carried
out in Peru [34] and Argentina [13] and also in a multicenter
prospective HCC study in 9 Latin American countries [6].
Nevertheless, in other studies the mean age of HCC patients
was 41.4 years in the Peruvian population [35], 55.9 years in
the Brazilian population [12], and 56 years in the Chilean
population [14]. The mean age difference among the HCC
studies in Latin American countries could be related to the
risk factor patterns in each country.

According to the IARC TP53 database [36] (R15,
http://www-p53.iarc.fr), TP53 mutations have been
described in up to 31.4% of HCC cases, with the 249ser

mutation being the most common. This mutation has been
associated with AFB1 exposition and there is robust evidence
that supports this finding. AFB1 is classified as an IARC
Group 1 carcinogen for the liver and causes an inactivating
mutation at codon 249 of the TP53 tumor suppressor gene,
inducing the substitution of an arginine by a serine (R249S
mutation) [1].

This mutation has a high frequency in populations
from the highest-HCC-incidence areas like Qidong, China
(43.8%) [37], Guangxi, China (36%) [38], and Gambia
(39.8%) [39]. Moreover, 71.5% of reported mutations in
codon 249 of TP53, which correspond to the transversion
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Figure 2: Immunohistochemical detection of HCC biomarkers. (a) Liver tissue specimens from Sprague-Dawley rats treated with
1.25 mg/Kg of AFB. (b) Liver sample from patient with HCC without apparent exposure to AFB. (c) HCC case with detection of HBx
protein, high expression, and nuclear localization. (d) Negative HCC case to HBx protein detection. (e) HCC case with detection of HCV
Core protein, high expression in the cytoplasm of liver cells. (f) HCC case without expression of HCV core protein. Original magnification
×400.

G : C → T : A have been detected in HCC [36], whereby
this mutation could be a biomarker for dietary exposure to
anatoxin.

In this study, the 249ser mutation was detected in 10.5%
(4/38) of the HCC samples. A similar prevalence was
reported in other areas in Anhui, Province of China (10.5%)
[40], India (9.5%) [41], and Taiwan (13%) [42]; in recent

studies a prevalence around 2% was reported in Turkey [43]
and in Taiwan [44]. The main risk factor of HCC in these
studies was HBV infection, similar to that reported in this
Colombian population.

The 249ser mutation frequency described for the first time
in a Colombian population suggests an AFB1 exposure level
between low to intermediate. Three of the four HCC samples
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Figure 3: Phylogenetic tree of HBV genotypes generated by
Neighbour joining method (MEGA), using HBV S gene sequences.
The accesion number followed by genotype indentity is indicated.
Bootstrap values are shown (1000 repetitions). HKY was used to
access distances. Red arrows show the Colombian strain position.

positive for this mutation were cases recruited in one of the
most important reference national health center (Fundacion
Santa fe de Bogota); probably these samples corresponded to
HCC cases from rural areas.

A correlation between AFB1 adducts and the 249ser was
demonstrated in two studies carried out in Taiwan [42, 44].
However, none of the HCC cases included in our study
were positive for AFB1-DNA adducts, even though there is
evidence of AB1 contamination in corn and rice collected
in supermarkets, retail stores, and stock centers in Colombia
[19].

Until now, there are only two studies published regarding
the 249ser mutations in HCC cases in Latin American
countries. One of them was carried out in Mexico in 16 HCC
samples with a 249ser frequency of 19% [45]. The other one
was carried out in Brazil, where the maximum AFB1 level in
food allowed is higher than in North America and Europe;

the 249ser prevalence was 28% (21/74) by PCR-RFLP and
16% by direct sequencing [46]. The 249ser prevalence data of
16% in Brazil and 10.5% in Colombia using both techniques
(RFLP and direct sequence) for mutation analysis suggest
that dietary exposure to AFB1 is an HCC risk factor in these
Latin America countries, although not as important as in
Africa and Asia.

Different studies have suggested that 249ser mutation
occurs almost exclusively in the context of chronic HBV
infection in addition to AFB1 chronic dietary exposure [1].
Kirk et al. demonstrated in a prospective study in Gambia,
a multiplicative effect on HCC risk resulting from HBV
chronic infection and the mutational effect of AFB1 on the
TP53 gene (codon 249). Actually, in 216 HCC incident cases
and 121 cirrhosis cases, the risk for HCC was associated
with HBV markers with an odds ratio (OR) of 10.0 (95%,
CI: 5.16–19.6), 249ser with an OR of 13.2 (95%, CI: 4.99–
35.0), and both markers with an OR of 300 (95%, CI: 48.6–
3270) [39]. In this study of a Colombian population, the
analysis of HBV biomarkers and TP53 exon 7 sequences
was performed in 32 HCC samples, including 3 from 4
249ser mutation-positive samples. One of three samples was
positive for both biomarkers (HBV and 249ser). The negative
results for HBV biomarkers in the other two samples could be
explained by technical limitations of immunohistochemistry
and PCR protocols used in this study. However, Kirk et
al. have described 15.3% of HCC samples HBV(−)/TP53
249ser(+) [39]. Additionally, we report two point mutations,
G12457T (exon 5) and G13804A (exon 8), located in the p53
DNA-binding domain. These missense mutations modify
the stability and transactivating properties of p53 protein;
according to the TP53 database, their frequency in HCC
is 2.1 and 0.26%, respectively [36]. In this study, the
mutations were described in two HCC cases (2.9%, 1/34,
each one).

HBV biomarkers were demonstrated in 58.1% of the
HCC samples analyzed in this study by HBx protein
immunohistochemistry detection and HBx PCR. These data
are expected considering the epidemiological pattern of HBV
infection in Colombia, average moderate prevalence but with
regions of high prevalence [47, 48]. A higher frequency of
HBV infection than other risk factors has also been described
in HCC patients from Peru (38.9%, 42.2%) [34, 35] and in
states of the north eastern and northern regions of Brazil
(average 43.1%), including Para (71.4%, 5/7), Bahia (45%,
9/20), Minas Gerais (37.8%, 14/37), and Espirito Santo
(41.6%, 10/24) [12]. HBV infection was diagnosed in these
studies by the detection of HBsAg in serum samples from
the patients. As mentioned previously, data on HBsAg in
the Colombian patients were not available from the clinical
records.

The phylogenetic study of the S sequence in three HCC
samples in this study was successful. Two isolates were
characterized as genotype F and one as genotype D. The
HBV genotypes in the Colombian population have been
characterized in four studies in blood donor populations,
pregnant women, and recently in end-stage liver diseases
cases. The predominance of genotype F was demonstrated
in three of these studies (77%, 87.23%, and 100%) [49–51].
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Additionally, genotypes A, D, C, G, and E were also described
in some cases of those studies [49, 50, 52].

The HCV infection status was established by HCV
Core protein immunohistochemistry detection. Regrettably,
molecular biology markers for HCV infection were not
available. A prevalence of 37% was found in the HCC sam-
ples analyzed in this study with an HBV/HCV coinfection
prevalence of 19.2%. In other Latin American countries
where the HBV infection is the most important HCC
risk factor, the prevalence of the HCV marker is lower
(5.3%–16.6%) than described in this Colombian population.
Nevertheless, the HCV biomarker in these studies carried out
in Peru [34, 35] and Brazil [12] corresponded to anti-HCV
detection; unfortunately, data on this biomarker were not
available for the Colombian population in this study.

On the other hand, HCV infection is the predominant
HCC risk factor in Argentina, Chile, and the South eastern
states of Brazil (Rio de Janeiro, Sao Paulo, Parana, and
Rio Grande do Sul). The prevalence range of the serum
anti-HCV marker was 32.8% to 44% in HCC cases from
these South American countries [12–14]. Furthermore,
in a recent prospective multicenter study of HCC cases
from 9 Latin American countries, including Argentina,
Brazil, Chile, Colombia, Uruguay, and Venezuela, the main
HCC risk factor was HCV infection (30.8%), followed
by alcohol (20.4%), HBV infection (10.8%), and HCV
plus alcohol (5.8%) [6]. Some cases from this multicenter
study corresponded to patients recruited in a prospective
study carried out at Hospital Pablo Tobon Uribe (HPTU)
in Medellin city; Interestingly, from the total 131 cases
of end-stage liver disease in this hospital in the period
of the study, the most important risk factor was chronic
alcoholism (37.4%, 49/131), whereas viral infection ranked
second (10.7% HBV and 6.9% HCV); the serum markers
for diagnosis of viral infections were HBsAg and anti-
HCV [51]. Chronic alcoholism was also an important risk
factor in HCC patients in Argentina (42%), Brazil (37%),
and Chile (31%) [12–14]. These results suggest that the
HCC risk factors pattern in Latin America is changing to
the pattern seen in developed countries, where one of the
principle HCC risk factors is chronic alcohol abuse [1].
However, further investigations are necessary to confirm this
hypothesis.

Unfortunately, only demographic and histopathological
data but not alcohol intake were available from the HCC
cases in this study. The discrepancy between the risk factor
pattern revealed in this retrospective study carried out in
four Departments of Pathology from health institutions in
Cali, Medellin, and Bogota cities and in the prospective
one performed at hepatology unit of HPTU in Medellin
city could be partially explained by differences in age
range, male : female ratio, viral infection biomarkers, and
quality of clinical information, including follow-up of the
patients in the second study. However, the predominance of
HBV infection compared to HCV infection was described
in both populations. Further case-control studies in the
Colombian population are necessary in order to define the
burden of alcohol intake and viral infections as HCC risk
factors.

In conclusion, this first retrospective study exploring
the epidemiological features of HCC in patients from 4
leading health institutions in the three most important cities
in Colombia revealed that the majority of the patients are
male and in their 6th to 7th decade of life. The main HCC
risk factor is HBV infection but the presence of codon 249
mutations, a biomarker of AFB1 exposure, was also found in
some HCC samples.
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(Florianópolis, SC, 1995),” Revista do Instituto de Medicina
Tropical de Sao Paulo, vol. 39, no. 3, pp. 165–170, 1997.

[13] E. Fassio, C. Mı́guez, S. Soria et al., “Etiology of hepatocellular
carcinoma in Argentina: results of a multicenter retrospective
study,” Acta Gastroenterologica Latinoamericana, vol. 39, no. 1,
pp. 47–52, 2009.

[14] M. Gabrielli, M. Vivanco, J. Hepp et al., “Liver transplantation
results for hepatocellular carcinoma in Chile,” Transplantation
Proceedings, vol. 42, no. 1, pp. 299–301, 2010.

[15] F. de la Hoz, L. Perez, J. G. Wheeler, M. de Neira, and A. J.
Hall, “Vaccine coverage with hepatitis B and other vaccines
in the Colombian Amazon: do health worker knowledge
and perception influence coverage?” Tropical Medicine and
International Health, vol. 10, no. 4, pp. 322–329, 2005.

[16] F. de la Hoz, L. Perez, M. de Neira, and A. J. Hall, “Eight years
of hepatitis B vaccination in Colombia with a recombinant
vaccine: factors influencing hepatitis B virus infection and
effectiveness,” International Journal of Infectious Diseases, vol.
12, no. 2, pp. 183–189, 2008.

[17] M. Beltrân, M. C. Navas, F. de la Hoz et al., “Hepatitis C virus
seroprevalence in multi-transfused patients in Colombia,”
Journal of Clinical Virology, vol. 34, supplement 2, pp. S33–
S38, 2005.

[18] S. Duarte-Vogel and L. C. Villamil-Jiménez, “Micotoxinas en
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Mutations in full-length HBV isolates obtained from a chronic HBV-infected patient were evaluated at three time points: 1 day, 6
months, and 31 months. While 5 nucleotides variation, and an 18 bp deletion of preS1 have been kept in during at least the first two
years, C339T mutation occurring in the hydrophilic region of HBsAg and T770C that caused polymerase V560A substitution were
the new point mutations found existing in sequenced clones of the 3rd time point. Internal deletion of coding region obviously
appeared in the 3rd time point. The splicers included two new 5′-splice donors and three new 3′-splice acceptors besides the
reported donors and acceptors and may have produced presumptive HBV-spliced proteins or truncated preS proteins. ALT, HBeAg
and viral DNA load varied during the follow-up years. These data demonstrated the diversity of genomes in HBV-infected patient
during evolution. Combined with clinical data, the HBV variants discovered in this patient may contribute to viral persistence of
infection or liver pathogenesis.

1. Introduction

Chronic hepatitis B virus (HBV) infection is a significant
public health threat. Approximately 3-4 billion people
worldwide have been infected with HBV. The natural course
of chronic HBV infection is variable, ranging from an
inactive HBsAg carrier state to a progressive chronic hepatitis
which may eventually lead to cirrhosis and hepatocellular
carcinoma (HCC). Previous research has shown that patients
with persistent HBeAg-positive state and high DNA viral
load (>106 copy/mL) are at higher risk of HCC than the
HBeAg negative individuals with low DNA viral load [1, 2].
In order to have a better understanding of this phenomenon,
we obtained HBsAg-positive serum samples from Clinical
Laboratory Center of the First People’s Hospital of Yunnan
Province, Kunming, Yunnan, China, from February to
August, 2005. We also followed up a chronically HBV-
infected patient who was HBeAg positive with high HBV
DNA load (≥107 copy/mL) for almost 3 years and studied
the evolution of her HBV strains. By sequencing and phy-
logenetic analysis, we found mutations occurred within the
genomes of HBV through time-course evolution. Combined

with clinical data, whether and how these HBV variants
might contribute to viral persistence of infection or liver
pathogenesis still needs to be further studied.

2. Materials and Methods

2.1. Subject and Serum Samples. A 31-year-old female with
chronic HBV infection was followed up at the First People’s
Hospital of Yunnan Province, Kunming, Yunnan, China.
The subject was admitted in the hospital because of allergic
purpura in May, 2005 and was diagnosed with chronic
infection based on the fact of having been HBsAg positive
for at least 7 years. Her serum samples were collected at three
time points after admission: 602 (1 day), 6022 (6 months),
and 6023 (two years and seven moths) and stored at −80◦C
until time of analysis. Serological markers of HBV, ALT, AST,
BIL, ALB, and GLO were analyzed at each time point. The
patient was seronegative for antibodies to HAV, HCV, HEV,
and HIV and did not have a history of alcohol abuse, drug
abuse, or hepatotoxin exposure. No antiviral treatment or
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RNAi strategies present promising antiviral strategies against HBV. RNAi strategies require base pairing between short RNAi
effectors and targets in the HBV pregenome or other RNAs. Natural variation in HBV genotypes, quasispecies variation, or
mutations selected by the RNAi strategy could potentially make these strategies less effective. However, current and proposed
antiviral strategies against HBV are being, or could be, designed to avoid this. This would involve simultaneous targeting of
multiple regions of the genome, or regions in which variation or mutation is not tolerated. RNAi strategies against single genotypes
or against variable regions of the genome would need to have significant other advantages to be part of robust therapies.

1. RNA Interference as an Antiviral Strategy

RNA interference (RNAi) is a sequence-specific mechanism
to downregulate gene expression. Several pioneering studies
have demonstrated the effectiveness of using siRNAs for
treating viral diseases caused by HIV, hepatitis C virus
(HCV), and HBV [1–5].

Clinical trials with RNAi have now begun for several
disorders, but challenges such as off-target effects, toxicity,
and safe and efficient delivery methods have to be overcome
before the widespread use of RNAi as a gene-based therapy
[6, 7]. For hepatitis B virus (HBV) several approaches have
been taken using various design and delivery strategies with
good initial success (reviewed in [4, 5, 8, 9]) and some
limitations [10–12].

Several studies have tested the effect of variability in HBV
viral genomes on effectiveness of this antiviral strategy; see
[7, 13, 14] and references therein. This paper will outline
the RNAi pathway, current delivery methods, current RNAi
design strategies, and the effects of variation on these
strategies.

2. The Mechanism of RNAi

RNAi is initiated by short double-stranded RNAs (dsRNAs)
that lead to the sequence-specific inhibition of their homol-

ogous RNAs [15–17]. In the case of HBV, this includes the
3.6 kb pregenomic RNA (pgRNA), although some targets are
within multiple overlapping viral RNAs.

Two major types of RNA have been channeled into
the RNAi pathway small interfering RNAs (siRNAs) and
microRNAs (miRNAs) by using synthetic dsRNAs or DNA
vectors (Figure 1). The siRNAs have a characteristic two-
nucleotide 3′ overhang, which are processed from larger
dsRNAs by Dicer. They are incorporated into RISC, and the
sense strand of the siRNA is removed [18–20]. Some studies
using HBV have designed siRNAs (and miRNAs) to promote
this asymmetric loading of the RISC complex. The antisense
strand of the siRNA base pairs with its target RNA, with exact
complementarity, and then RISC mediates cleavage and sub-
sequent degradation of the target RNA [21–23] (Figure 1).
Perfect base pairing between the siRNA and HBV RNA is
a hallmark of siRNA effects, and single base substitutions
in the target, due to genome variability, would disrupt this
mode of action [4, 8, 17, 24].

Strategies based on miRNAs require engineering genes
encoding longer primary transcripts (pri-miRNA based on
miRNA genes) that are then processed into 60–70 base paired
precursor miRNAs (pre-miRNAs) by the microprocessor
complex [25, 26]. Following processing, the pre-miRNA is
exported to the cytoplasm by the Ran-GTP-dependent cargo
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Figure 1: RNAi pathways in HBV research. Flow diagram of the miRNA pathway (i) is shown using red arrows, whereas the siRNA pathway
is indicated using green arrows. Current RNAi strategies including delivery approaches (ii)–(v) are demonstrated.

transporter Exportin-5 [27]. In the cytoplasm pre-miRNA
is processed by Dicer into the mature miRNA, which is
incorporated into RISC [4, 8, 17, 24] which targets the viral
RNA [28]. Typical cellular miRNAs are not perfectly matched
to their mRNA targets, and studies have indicated that
they mainly exert silencing through translational repression,
rather than degradation [29, 30] (Figure 1). However, later
studies indicate that mismatched miRNA-mRNA duplexes
can also trigger degradation [31, 32]. This may indicate that
miRNAs targeted against the HBV pgRNA could also reduce
levels of that RNA, rather than just its translation.

3. RNAi Delivery Mechanisms

In order to use RNAi-based systems to target viral mRNAs,
several delivery strategies have been developed. The two

main current strategies are chemically synthesized siRNA du-
plexes and DNA-based expression cassettes that subsequently
generate functional siRNAs in cells. These RNAs are usually
short hairpin RNAs (shRNAs) or primary miRNAs (pri-
miRNAs).

Synthetic siRNA duplexes are usually delivered into cells
via the endosomal pathway by cationic liposomes, whereas
DNA-based expression cassettes require facilitating carriers
such as liposomes or viral vectors (Figure 1). Synthetic
siRNA duplexes have some limitations in vivo—rapid liver
clearance, lack of target specificity, and expense [33–35]. To
improve in vivo stability of siRNA duplexes, the backbone of
siRNA may be chemically modified and linked to molecules
such as 2′F, 2′O-Me, and 2H [36, 37].

DNA-based viral expression cassettes may provide cost-
effective approaches for HBV treatment. Presently, there are
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a number of viral vectors under development. Each type
of viral vector has specific characteristics that need to be
determined for the specific target. The adenovirus- and
adeno-associated virus- (AAV-) derived vectors provide an
efficient delivery vehicle for transient shRNA expression [8].
Particularly, the Ad-gutless vector is used for liver-directed
systemic delivery with prolonged silencing effects [38] while
a conditionally replicating adenovirus (CRAd) is designed to
replicate and kill tumour cells specifically [8]. Retroviruses
on the other hand provide major advantage of incorporating
the transgenic siRNA genes into the host cell genome for
longer-term therapy [39]; other viral vectors have been used
[40, 41].

4. Design of RNAi against HBV

To improve the efficiency of RNAi strategies and limit off-
target effects, several research groups have improved the
design of RNAi target sites. Certain characteristics of RNAi
target sites contribute to siRNA efficiency; these have been
utilised in some rational design approaches, whereas other
studies have focused more on conservation of sites in HBV
genomes. Specific features that should improve the efficiency
of target sites include a UU overhang at the 3′-end [42, 43], a
30–50% GC content, which is effective for the unwinding of
the duplex but sufficient for stabilizing interactions between
siRNAs and their targets, and the nucleotide at the position
19 should preferentially be an adenine (A) base, as it is
naturally found in miRNAs [8, 19, 20, 44]. Sun et al. report

that there are about 170 sites in the HBV genome that meet
simpler minimal criteria for RNAi design-target length 19,
GC 35–60 and lack of homopolymer runs [7].

Other considerations relating specifically to RNA poly-
merase III (Pol III) transcription are that there should be
no 4–6 base T tracts within the DNA sequence, because
this could act as a termination signal [19]. Importantly,
siRNAs must be specific to their target HBV mRNAs and have
minimal similarity to cellular mRNA sequences, at least for
RNAs expressed in the targeted cells (hepatocytes) to avoid
off-target effects.

Results from McCaffrey and Ely et al. indicate that
miRNA-based RNAi effectors against HBV pregenomic RNA
were more effective than shRNA-based RNAi effectors for
the same target sites [8, 24]. Grimm et al. [11] found that
the RNAi toxicity may be caused by competition between
the exogenous expressed shRNA and endogenous miRNA
for the RNAi machinery (Figure 1). Therefore, features of
RNAi effectors are proposed to be similar to cellular miRNAs
but not compete detrimentally with it [12]. This might be
avoided by strategies using tissue-specific RNA Pol II [45] or
weaker Pol III promoters [12].

A complementary rational design is currently proposed
to target conserved regions of the HBV genome. This should
minimize viral escape that may occur due to selection pres-
sure of RNAi on the target site to mutate [7, 10, 13,
14]. Surprisingly, these include several highly conserved
HBV genomic regions that have been demonstrated to be
effective target sites for shRNAs despite the presence of
known secondary structures (Epsilon, PRE, Figure 2). These
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structures were predicted to reduce the effectiveness of RNAi
[7, 14].

5. HBV Genomes to Be Targeted

The HBV genome contains multiple overlapping DNA,
RNA, and protein coding features, meaning that any par-
ticular RNAi target sequence is likely to be in more than
one transcript. The genome is a partially double-stranded
circular DNA of 3.2 kb that contains four primary open
reading frames (ORFs): the core (C), polymerase (P), surface
(S), and X, although there may be other protein products
[41, 46]. These ORFs partially overlap each other and are
all encoded on the positive strand [47]. Transcription of
HBV RNA is initiated by four major promoters—the basal
core promoter (BCP), pre S1, preS2/S, and X (Figure 2).
These promoters give rise to transcripts that are synthesised
in the same direction by host RNA polymerase II. Five
major HBV transcripts are known, all are translated. Two
sets of C transcripts are initiated at different sites of the
BCP promoter. The longest transcript is the 3.6 kb precore
mRNA (pcRNA). The shorter C transcript is a pregenomic
mRNA (pgRNA) which encodes the C protein (nucleocapsid
protein) and the P protein. The other three transcripts
are preS1, preS2/S, and X, encoding for S proteins (large
surface proteins or preS1), and shorter S proteins (middle
and small S proteins or preS2 and S) and the X protein
(a transcriptional transactivator), respectively (Figure 2).
Therefore, the HBV genome is highly compact and HBV
genes are arranged in such a way that many sequences have
multiple roles.

Although this compact arrangement restricts plasticity
and limits the ability of the virus to mutate, HBV has
significant diversity among HBV genotypes [48, 49] and
HBV genomes exist as quasispecies in cells. With drugs
targeting HBV polymerase (such as lamivudine, adefovir,
and an acyclic nucleoside phosphonate), emergence of HBV-
resistant mutants develops during treatment [50]. An escape
mutant was also selected for during shRNA treatment,
discussed later [10].

6. Successful RNAi Strategies against HBV

Several RNAi effectors successfully downregulate HBV gene
expression and replication in differing assay systems. A
“very highly active” benchmark of >95% reduction of
extracellular viral particles from plasmid encoded HBV has
been suggested for shRNAs warranting further development
[7]. However, different experimental approaches and assays
make quantitative comparison difficult. Assays for RNAi
inhibition commonly used are (i) reporter gene assays, for
example luciferase [14], (ii) reduction of viral RNAs from
HBV derived from a plasmid in cultured cells [7], (iii)
HBV-expressing transgenic mice or cells [12, 51], and (iv)
hydrodynamically HBV-infected mice [9].

Analysis of characteristics of successful targets revealed
different strategies of rational design for RNAi effectors,
RNAi approaches, and mechanism of delivery. Nevertheless,

these could be classified into 3 main groups: Group I:
sequence conservation-based rational design-shRNA expres-
sion vectors (Pol II/III promoter) using a liposome delivery
method; Group II: sequence conservation-based rational
design-miRNA expression vectors (Pol II promoter) using
a liposome delivery method; Group III: single siRNA pro-
gramme prediction-shRNA expression vectors (Pol III pro-
moter) using viral vector delivery methods (reviewed in [8,
9]). Successful target sequences and RNAi inhibitory effects
of these 3 groups are indicated in Table 1. A summary of the
effective target positions is shown in Figure 2.

7. Variation in HBV Genotypes

The 3.2 kb HBV genome is classified into eight main
genotypes (A–H) with over 8% sequence diversity, with
genotypes A–D the most prevalent [13, 48, 49]. I is newly
discovered but not ratified [54]. Therefore it is not surprising
that there are few regions conserved across all genotypes
[7, 13]. These regions are often in sites of functional
conservation in the RNAs or DNA, including the epsilon
RNA and enhancer DNA elements (Figure 2). Some are
in sites of overlapping genes, where the two open reading
frames constrain sequence. Sun et al. [7] identified only
one sequence of 17 bases conserved across representatives
of all genotypes (1181–1897). They therefore used lesser
stringency criteria of ≥98% or ≥95% identity for ≥15 or
more bases across genotypes A–D as a practical limit to
identify likely RNAi targets, this being about ∼300–500
bases of the genome. They targeted 19 conserved sites in
genotype D (ayw) with part of a panel of 21 shRNAs.
Many of these were effective (Table 1), including some within
the structured RNA epsilon element. The most effective
target site in genotype D from that series (sh10) overlaps
a conserved block but is not the most conserved target (1
variation in A, B, E; 2 in G, H). However, sh6, another
very highly active shRNA, targets a block with no variation
in genotypes A–H (Table 1). In other reported studies that
included conservation in design, some target better genotype
A–C [14].

Zhang et al. identified 40 shRNA targets with conser-
vation between genotypes A–I using an alignment of 327
representative sequences from Genbank as a guide [13].
They tested the shRNA against genotypes A–D, and I. The
most effective four (B245, B376, B1581, and B1789) were
able to reduce HBV production by up to 90% in both in
vitro transfection and in vivo hydrodynamic model systems
(Table 1).

As there was some dissimilarity in target design, there
is not good concordance between the targets chosen in the
studies of Zhang et al. [13] and Sun et al. [7]. However, some
of the best sites had similar sites in the complementary study,
but for these there was not good concordance in degree of
inhibition. For example B245 (245–265), the best target from
Zhang et al., is similar to sh4 (247–257) one of the weakest in
Sun et al. Conversely the effective sh6 (416–434) is similar to
B415 (415–435) but B415 had only a weak inhibitory effect.
This may reflect subtle differences in targets, the vectors or
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assays used, and supports a need for common standards
within experiments as suggested by Sun et al.

8. Rare Variants—Could These Be
Selected for by RNAi?

HBV polymerase has a high error rate producing many
mutants—most of these with lower replication fitness. There
are over 2,500 full-length HBV genomes in the Genbank
database, and other databases contain rare sequence varia-
tions and mutations [50, 55, 56]. These may represent true
replication competent variants, rare nonfunctional RNAs in
the infected cells, or PCR or sequencing errors. As it is diffi-
cult to distinguish between these possibilities, redesigning an
RNAi strategy to avoid them would be difficult.

In the recent study by Sun et al. they also tested the
several shRNAs designed for HBV against Wooley monkey
HBV (WMHBV). In WMHBV target sites differed in 1–
4 positions. Some single variations retained partial activity
(e.g., sh6 still inhibited to 14%), but most abolished it, as did
single mutations in the shRNA [7]. This is consistent with the
idea that there must be an exact match between shRNA and
target. However, it might be expected that variation in the 5′

end of the target, as was the case with sh6, would be more
tolerated based on other RNAi studies, but this has not been
systematically tested for HBV targets.

One study has found a resistant mutation that could be
selected for following shRNA treatment in cell culture [10].
The shRNA used was designed to target a conserved site
in all except genotype H (456–476) and was found to be
effective in A–C. However a rare mutation in genotype C
could be selected for by shRNA treatment in cultured cells.
This mutation was silent with respect to both S and Pol
overlapping protein coding and found in only one chronic
carrier. Emergence of this type of shRNA-induced resistance
has been seen for other viruses, notably HIV [57, 58]. In
some cases like this a redundant pool of shRNAs containing
a mix at a single position might be effective, for example,
where a single position was changed, T472C or T472G in
genotype H [10]. To our knowledge this approach has not
been used for HBV variants.

Deep sequencing using next (or new) generation (NGS)
sequencing technologies allows the sequencing of many
members of the HBV quasispecies infecting a single human.
For HBV several studies have been done to investigate the
emergence of mutations due to drugs targeting proteins
[59–61]. Low prevalence drug resistance mutations could be
detected by NGS with a greater sensitivity than PCR in both
naı̈ve and treated patients. These initial studies focused on
mutations that change one of 288 RT amino acids. Many
novel changes were detected—71 present in over 1% of
the 2,800–18,000 sequences from each patient. Data from
such deep sequencing studies would also be useful in design
of RNAi against conserved sites, if possible rare tolerated
mutations or polymorphisms should be avoided in target
sites.

9. Conclusion and Directions for
Further Studies

Most current assays for HBV replication more closely mimic
acute HBV infection, with a single infecting genotype. In
chronic infection the system where the virus is represented
by a quasispecies in the infected individual selection due to
the RNAi might be different [13].

It is possible that the rare genotypes, for example H,
would require a genotype-specific RNAi combination. High-
ly effective RNAi that does not target conserved blocks would
still be useful if the genotype of the target is known.

Rationally designed RNAs, targeted in combinations [40,
62–64], delivered by “state-of-the-art” vectors could be an
effective anti-HBV treatment [4, 5, 8, 9]. Such design strat-
egies would need to take into account conservation in the
HBV genome. Several groups have identified effective target
sites that are beginning to fulfill these criteria, and these will
provide tools for further development.
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Table 1: Clinic data and HBV DNA load in serum samples.

May 2005 Oct. 2005 Dec. 2007

HBsAg (OD/Cut-Off) 24.676 23.886 29.495

HBsAb (OD/Cut-Off) 0.048 0.010 0.248

HBeAg (OD/Cut-Off) 3.467 22.819 9.705

HBeAb (OD/Cut-Off) 1.869 1.785 2.385

HBcAb (OD/Cut-Off) 0 0.002 0

HBV-DNA (copy/mL−1) ∗ 2.4× 108 2.5× 107

ALT (U/L) (8–40)a 27 51↑ 105↑
AST (U/L) (5–40)a 26 33 47↑
T-BIL (µM) (3.4–20.5)a 12 17.2 10.6

D-BIL (µM) (0–6.8)a 3 4.9 3.5

I-BIL (µM) (0–13.7)a 9 12.3 7.1

TP (g/L) (65–80)a 73 71 70

ALB (g/L) (35–55)a 33 44 45

GLO (g/L) (20–30)a 40↑ 27 25
∗

lack of serum.
arefernce values.
↑higher than reference values.

immunomodulators were given before or during the study
period.

2.2. Amplification and Sequencing of Full-Length HBV
Genome. HBV DNA was extracted from serum by proteinase
K digestion, followed by phenol/chloroform extraction.
Viral DNA load was determined using HBV DNA PCR-
Fluorescence Quantitation kit (Kehua Bio-Tech. Co. Ltd.,
China). The complete HBV genome was amplified by PCR
described by Günther et al. [3]. The primers used were
forward primer: 5′ctttttcacctctgcctaatca3′; reverse primer:
5′agaggtgaaaaagttgcatggt3′. Amplification was performed in
a 96-well cycler (Bio-RAD, USA), and 25 µL PCR mixture
containing 2.5 mM MgCl2, 200 µM dNTP, 400 nM of each
primer, and 2 U of Ex Taq polymerase (Takara Bio-Tech. Co.
Ltd.) was used. The PCR reaction was performed using the
following cycles: 94◦C predenature for 5 min, 30 cycles of
94◦C for 1 min, 56◦C for 1 min, 72◦C for 2 min; 72◦C for
10 min as a final extension step. Then full-length amplicons
were purified using a gel extraction kit (HuaShun Bio-
Engineering Co. LTD., Shanghai, China). The PCR products
were purified and cloned in vector pMD18-T (TaKaRa Bio-
Tech. Co. Ltd.) using standard cloning techniques. White
colonies were picked, correct recombinants were confirmed
by PCR, and the double-restriction endonuclease digestion
with EcoRI and Hind III. DNA sequencing analysis of the
correct recombinants was performed with BigDye Termina-
tor v3.1 and 3130 Genetic Analyzer (Applied Biosystems) (7
pairs of sequencing primers can be obtained on request). For
each time point, 8-9 recombinants were randomly selected
and sequenced.

2.3. Sequence Analysis. Fourteen HBV complete genomes
available in GenBank (genotypes A, B and E to H) were
applied to phylogenetic analysis. Additionally, 50 published
sequences of genotype C were also used in this study for

alignment analysis (Genbank accession numbers can be
obtained upon request). The whole genome sequences were
assembled by BioEdit sequence alignment editor software,
version 7.0.5.2 [4]. Alignment was performed using Clustal X
software, version 1.83 [5]. Phylogenetic and molecular evolu-
tionary analysis of nucleotide differences within and between
the isolate sequences were carried out by MEGA program,
version 3.1 [6]. Genetic distance was estimated using the
Kimura two-parameter algorithm. The phylogenetic trees
were constructed by the neighbor-joining method. Bootstrap
re-sampling and reconstruction were carried out for 1,000
times to confirm the reliability of phylogenetic trees.

3. Results

3.1. Clinic Data and HBV DNA Load(s) in Serum. As showed
in Table 1, HBsAg and HBeAg were positive at all three time
points and titers changed during the course of analysis. ALT
levels showed a tendency of elevation, and at the 3rd time
point the level was more than 2 times of the upper limit of
normal. While no quantification could be obtained from the
1st time point due to the lack of serum, viral DNA load was
found to decrease from 108 to 107 copy/mL at the last two
time points.

3.2. Phylogenetic Analysis. 26 sequences were analyzed (Gen-
Bank accession number: DQ377159-377165, EU306713-
306714, EU306722–306729, EU439005, EU439008–439014
and EU439025). The divergence of these 26 sequences was
found to be 0–1.4%. When compared to the 64 complete
HBV genome sequences published in the GenBank, all
26 sequences were determined to be genotype C and C2
subgroup with a bootstrap value of 100% (data not shown).
The serotype was classified as adrq+.

3.3. Difference in Nucleotide(s). When compared with the 50
known and complete sequences of genotype C, we found that
there were 13 specific nucleotides in all sequenced clones
of this patient (data not shown). Further analysis of the
nucleotide sequence at all three time points indicated that
nucleotides T361A, C934A, C2351T/A2353T, and C2444T
were the mutation been kept in for at least two years’ evo-
lution. These mutations caused nonsense mutation of preS1
and preCore/Core gene (T361A and C2444T, resp.), missense
mutation of precore/core and pol gene (C2351T/A2353T
and C934A, resp.). Nucleotides C339T and T770C were the
new and major mutation at the 3rd time point, and these
mutations caused HBsAg P62L and polymerase (Pol) V560A
mutation, respectively (Figure 1). Premature stop codons
of S gene (g.200C>T, g.565T>A, g.361T>A, g.455C>T, and
g.304 305CC>TT) increased during the course(1/9 versus
3/9 versus 6/8) (Figure 2). A1762T/G1764A double mutation
existed in all clones, and G1896A existed in 4 clones obtained
from all time points.

3.4. Defective Genomes during the HBV Evolution. Per-
forming alignment showed that over the 2-year period,
deletions across overlapping region of polymerase/preS1
(g.2447 489del 1256) or preS1/preS2 (g.3018 3202del 183,
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Figure 1: Partial nucleotide sequences of all the 26 clones obtained from three time points. Black bars indicate the major mutation during
this period of time. The variants include nucleotide substitution and deletion. 602 (1st time point, 1 day); 6022 (2nd time point, 6 months);
6023 (3rd time point, 31 months).
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Figure 2: Full-length nucleotide sequences of all the 26 clones obtained from three time points. 602 (1st time point, 1 day); 6022 (2nd time
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and g.3144 56del 126), and pre-S1 initiation codon muta-
tions (g.2846 2865del 18) with or without internal deletions
mutations (g.3024 3193del 168) were prevalent (22/26, in
85% of the clones) (Figure 2). All the defective genomes
shared sequences from nucleotide position 489 to position
2447, and common to all genomes is the presence of the
complete X gene and the complete C ORF. Four paires of
donor/acceptor were found in the spliced genomes, besides
the frequently reported donor sites 2447 and 3018 and the
acceptor sites 489, two new 5′-splice donors (nt3144 and
3024) and three new 3′-splice acceptors (nt56, 3193 and
3202) were detected at the 3rd time.

4. Discussion

Up until now, details of the mechanism accounted for the
HBV evolution remained unknown. In this study, we fol-
lowed up a chronically HBV-infected patient and discovered
that complex and diverse quasispecies existed in this patient
for over two-year disease evolution. Based on the alignment
and phylogenetic analyses, the divergence and the 13 specific
nucleotides of the 26 clones, as well as the phylogenic
analysis it is indicated that all sequences were directly descent
from the common ancestor. Thus, these results reflect the
real evolution process of homogeneous HBV strains in this
patient.

4.1. Significance of Nonsense Mutations of PreS1/S2/S Gene.
In the process of evolution, some mutations in this patient
were kept in for at least 2 years, and other new mutations
emerged at the 3rd time point. These mutations resulted
in amino acids substitutions and some caused premature
stop codon of the coding regions. Among these mutants,
the T361A nonsense mutation in the small S region, which
resulted in a 69aa truncated HBsAg lacking the entire
“a” determinant region (aa124–147), was first detected at
the 2nd time point in one clone. At the 3rd time point,
however, half of the sequenced clones were found to have
this mutation. This mutant has been reported in the occult
HBV-infected patients with seronegative for HBsAg, and
in one case HBV DNA was absent from the serum after
the two-year [7, 8]. In our case, after two-year followup,
the HBsAg was still at a high level and could be detected
by routine immunoassay-based diagnosis. In addition, HBV
DNA was at a high load despite a slightly decreased level
(2.4 × 108 versus 2.5 × 107 copy/mL), and the ALT level
showed an elevating trend over the study period. In the
meanwhile, new point mutations such as C339T and T770C
were detected at the 3rd time point; the former occurred in
the hydrophilic region of HBsAg and the latter was previously
discovered in a HCC patient (Genbank number AY206393).
We speculated that these mutants might afford HBV variants
a distinct survival advantage by allowing the mutant virus
to escape from the immune system. In addition, these
mutations could further transactivate certain oncogenes
which in turn rendered the acceleration of the liver damage
[9–13].

4.2. An 18 bp Deletion of PreS1. In this patient, we found an
18 bp deletion of preS1 that was kept in. The deletion region
is in the span of hepatocellular-binding site (aa5–20) and
led to aa1–11 deletion in preS1. This deletion mutant was
previously reported in different clinical cases and genotypes
[14–17]. For example, this 18 bp deletion was detected in
a heart transplant patient while it was not found with the
donor [18]. In our case, retrospective study showed that the
son of this patient, though infected with HBV via mother-
to-infant transmission, carried none of these mutant strains
in the sequenced clones [19]. This phenomenon may imply
that host immune pressure was the primary cause of aa1–11
deletion in preS1. In addition, this mutant seemed to have
reduced from the 1st time point to the 3rd time point (7/9
versus 7/9 versus 2/8) and had a tendency to be substituted
by large fragments deletion located in the preS region at the
3rd time point (Figure 2). Whether it was a precursor of
large fragment deletion mutation or just an isolated event
happened under the immune pressure still needed to be
carefully studied.

4.3. Defective Genomes during the HBV Evolution. The
other prominent variation at the 3rd time point was the
defective genomes caused by the large fragment deletion
focused on the overlapping regions of polymerase/preS1
and preS1/preS2. The length of internal deletions was
from 126 bp to 1256 bp. Up until now, there have been
at least 15 types of spliced HBV DNA reported in the
literature (Figure 3) [20, 21], which consisted of seven
5′-splice donors and six 3′-splice accepters. In our case,
four types of spliced HBV DNA were found at the 3rd
time point, the donor site and the receptor site of these
splicers followed the GT-AT rules [22]. Among them,
the 2447/489 donor/acceptor splicer existed as described
in previous reports and produced a presumptive HBV
spliced protein (HBSP) [23]. In addition, positions 3144
and 3024 as the 5′-donor sites and positions 3202, 3193,
and 56 as the 3′-acceptor sites were first reported in our
study. During a subsequence screening, we also detected
defective genomes in patients with hepatocirrhosis and
CHB (GenBank accesson numbers: EU439017, EU306668,
EU306669, EU330986, EU306676, EU306670). Though these
defective genomes were different in structure, they all
shared sequences from nucleotides position 489 to position
2447. This region contains all known signals required for
conventional replication (DR1 and DR2), synthesis, and
processing of pregenomic/C-mRNA, preC mRNA, and X
mRNA, and pregenomic RNA encapsidation. In contrast,
all lacked the complete pre-S1 and, or pre-S2 ORFs. Many
surveys noted that spliced HBV DNA and pre-S deletion
were more frequently detected in patients with severe liver
disease [24–26] and often existed during the process of anti-
HBe seroconversion and subsequent loss of HBsAg [27–29].
However, in this case with our subsequent screening, all
the patients with defective genomes were HBeAg positive
and with high HBV DNA load (≥107 copy/mL). Based on
these findings, we deduced that these defective genomes
(with intact X gene and all signals required for viral life
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Figure 3: HBV spliced variants. There were 15 types of splicer reported in the literature, including seven 5′-splice sites at nucleotide positions
2447, 2067, 2985, 3018, 2087, 2471, 458; six 3′-splice sites at nucleotide positions 489, 2350, 2902, 2935, 282, 1308. In this report, 3 new
splicers were detected, including two new 5′–splice donors (nt3144 and 3024) and three new 3′-splice acceptors (nt56, 3193, and 3202).

cycle) might contribute to persistent HBV replication in the
patient.

4.4. Mutations Scattered in the Whole Genomes. Other
mutations such as C934A, C2351T/A2353T, C2444T,
A1762T/G1764A, and G1896A were scattered in the whole
genomes. In the present study, all clones of the mother
from three time points had double mutations of nucleotide
A1762T/G1764A in basal core promoter (BCP), four of
which were also coupled with G1896A. However, we did not
observe any HBeAg/anti-HBeAg seroconversion at the three
time points, nor did we detect the impact of BCP mutation
on HBV DNA load [30, 31]. In addition, multisequences
alignment has showed that genotype C had a tendency
for higher prevalence of the BCP mutation (41 versus 35,
53.9%) (GenBank accesson number can be obtained on
request). Combined with the clinic results (Table 1), whether
the BCP and precore mutations in this patient were related
to infection with genotype C, or whether the patient was
seroconverting to anti-HBeAg or may develop severe disease
[32, 33] are questions that still need to be followedup.

In conclusion, our data showed that viral quasispecies are
very closely related to genomes but exist in an environment
of mutation, selection, and competition, and thus lead to
a dynamic and changing population. During this progress,
some mutations were kept in and became the dominant
strains, some new mutations emerged, and these strains may

play important roles in the persistence of infection or the
progression of disease.

Acknowledgments

This study was supported by the Natural Science Foundation
of Yunnan Province (Grant no. 200300172), and in part by
special fund of Science and Technology Department of Yun-
nan Province in association with Kunming Medical College
(2008CD044), and in part by Hospital Science Foundation of
The First People’s Hospital of Yunnan Province (2004, 2007).

References

[1] H. I. Yang, S. N. Lu, Y. F. Liaw et al., “Hepatitis B e antigen and
the risk of hepatocellular carcinoma,” New England Journal of
Medicine, vol. 347, no. 3, pp. 168–174, 2002.

[2] C. J. Chen, H. I. Yang, J. Su et al., “Risk of hepatocellular
carcinoma across a biological gradient of serum hepatitis B
virus DNA Level,” Journal of the American Medical Association,
vol. 295, no. 1, pp. 65–73, 2006.

[3] S. Günther, G. Sommer, F. Von Breunig et al., “Amplification
of full-length hepatitis B virus genomes from samples from
patients with low levels of viremia: frequency and functional
consequences of PCR-introduced mutations,” Journal of Clin-
ical Microbiology, vol. 36, no. 2, pp. 531–538, 1998.

[4] S. Schaefer, “Hepatitis B virus taxonomy and hepatitis B virus
genotypes,” World Journal of Gastroenterology, vol. 13, no. 1,
pp. 14–21, 2007.



6 Hepatitis Research and Treatment

[5] T. A. Hall, “BioEdit: a user-friendly biological sequence align-
ment editor and analysis program for Windows 95/98/NT,”
Nucleic Acids Symposium Series, vol. 41, pp. 95–98, 1999.

[6] J. D. Thompson, T. J. Gibson, F. Plewniak, F. Jeanmougin,
and D. G. Higgins, “The CLUSTAL X windows interface:
flexible strategies formultiple sequence alignment aided by
quality analysis tools,” Nucleic Acids Research, vol. 25, no. 24,
pp. 4876–4882, 1997.

[7] S. Kumar, K. Tamura, I. B. Jakobsen, and M. Nei, “MEGA2:
molecular evolutionary genetics analysis software,” Bioinfor-
matics, vol. 17, no. 12, pp. 1244–1245, 2001.

[8] M. Kimura, “A simple method for estimating evolutionary
rates of base substitutions through comparative studies of
nucleotide sequences,” Journal of Molecular Evolution, vol. 16,
no. 2, pp. 111–120, 1980.

[9] N. Saitou and M. Nei, “The neighbor-joining method: a
new method for reconstructing phylogenetic trees,” Molecular
Biology and Evolution, vol. 4, no. 4, pp. 406–425, 1987.

[10] J. Felsenstein, “Confidence limits on phylogenesis: an
approach using the bootstrap,” Evolution, vol. 39, no. 4, pp.
783–791, 1985.

[11] A. J. Zuckeman, “Effect of hepatitis B virus mutants on efficacy
of vaccination,” Lancet, vol. 355, no. 9213, pp. 1382–1384,
2000.

[12] S. Datta, A. Banerjee, P. K. Chandra, S. Chakraborty, S. K.
Basu, and R. Chakravarty, “Detection of a premature stop
codon in the surface gene of hepatitis B virus from an
HBsAg and antiHBc negative blood donor,” Journal of Clinical
Virology, vol. 40, no. 3, pp. 255–258, 2007.

[13] R. Panigrahi, A. Biswas, S. Datta, S. Chakraborty, S. K.
Basu, and R. Chakravarty, “Anti-hepatitis B core antigen
testing with detection and characterization of occult hepatitis
B virus by an in-house nucleic acid testing among blood
donors in Behrampur, Ganjam, Orissa in southeastern India:
implications for transfusion,” Virology Journal, vol. 7, pp. 204–
210, 2010.

[14] E. Hildt, B. Munz, G. Saher, K. Reifenberg, and P. H.
Hofschneider, “The PreS2 activator MHBst of hepatitis B virus
activates c-raf-1/Erk2 signaling in transgenic mice,” EMBO
Journal, vol. 21, no. 4, pp. 525–535, 2002.

[15] M. L. Cuestas, V. L. Mathet, V. Ruiz et al., “Unusual naturally
occurring humoral and cellular mutated epitopes of hepatitis
B virus in a chronically infected Argentine patient with anti-
HBs antibodies,” Journal of Clinical Microbiology, vol. 44, no.
6, pp. 2191–2198, 2006.

[16] H. C. Wang, W. Huang, M. D. Lai, and I. J. Su, “Hepatitis
B Virus pre-S mutants, endoplasmic reticulum stress and
hepatocarcinogenesis,” Cancer Science, vol. 97, no. 8, pp. 683–
688, 2006.
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