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SUMMARY

The aims of this study are (1) to investigate the role of mutation at the HLA-
class| restricted T cell epitope and B cell epitope of hepatitis B surface antigen
(HBsSAQ) gene in the natural course of children with chronic hepatitis B virus ( HBV)
infection with and
without hepatocellular carcinoma (HCC), and (2) to compare the mutation rates at the
T cell epitope and the B cell epitope in children with chronic HBV infection and HCC
with and without hepatitis B immunoprophylaxisin infancy.

We have longitudinally followed 97 HBsA(g carrier children, 53 did and 44 did
not receive hepatitis B immunoprophylaxis during infancy. T cell epitope amino acids
28-51 at the HBV surface gene has been studied in those 97 children and another 15
children with HBV related HCC. Children with HCC showed a significantly higher
rate of T cell epitope mutation at amino acid residue 40-49 than children without HCC
(46.7% v.s. 6.2%, p=0.0013). No difference in the rate of B cell epitope mutation was
found between children with and without HCC (p > 0.1). A trend of higher mutation
rate in the B-cell epitope was observed in children who received HBV vaccination
than in children without vaccination (22.4% v.s. 9.3%, p=0.063). No difference in the
mutation rate at T cell epitope domain of the HBsAg gene was found between those
who were unvaccinated and those who were vaccinated during infancy (p > 0.1).

In conclusion, Mutations at the T cell epitope amino acid residue 40-49 were
much more frequently found in childhood HCC than HBV carriers children. Its
relationship with early hepatocarcinogenesis requires further investigation.

Key words : chronic hepatitis B virus infection, hepatocellular carcinomain children,
T cell epitope on hepatitis B surface gene, B cell epitope on hepatitis B
surface gene

INTRODUCTION

Chronic hepatitis B virus (HBV) infection is aworld wide health problem. It
may leads to chronic hepatitis, liver cirrhosis and hepatocellular carcinoma (HCC) (1).
In hyperendemic areas, chronic HBV infection begins mainly during infancy and
early childhood (2,3). HBV in early childhood tends to cause persistent infection (4).
However, the mechanism remains unclear.

During the natural history of HBV infection, clinical course and outcome differ
in different individuals. Factors influencing the clinical course, degree of liver damage
and fibrosis, outcome, and response to treatment have been extensively investigated in
adults. Yet the fact found in adults are the later part of the natural hi story of HBV
infection. Although complications of chronic HBV infection manifest mostly during
adulthood, liver histologic changes begin early since childhood (5). Study in children
is therefore very important to enhance the understanding of the mechanism of
persistent HBV infection and the clinical course shortly after primary infection.

HCC isthe most serious consequence of persistent HBV infection, and the
determinant factor toward this complication is still largely unclear. The host and virus
interaction is very likely the most important determinant for the persistent HBV
infection, its disease courses and complication. We have previously demonstrated the
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importance of transplacental hepatitis B e antigen as the immunomodul atory agent
which makes the maternal transmitted neonates become tolerant to HBV (7). We also
found that host factors may affect the clinical course : suchasHLA DRB1*14
predicts earlier HBeAg seroconversion with higher amino- transferase levels, while
HLA DRB1*11 had a protective role in aminotransferase activities during HBeAg
seroconversion. (Chang MH et al. unpublished data).

We have also investigated the viral role of HBV in the long -term follow-up
course of chronic HBV infection in children. According to our previous longitudinal
follow-up studies, mutation of the precore gene (10), basal core promoter gene, and
core gene deletion (11) precedes or are accompanied with HBeAg seroconversion,
some with more severe liver diseases. But debates remain in that whether the mutants
or deletions may devel op as a consequence of immune pressure or an initiating event
of HBeAg seroconversion and liver damage. Additiona determinant factors have to
be explored.

Genetic variabilities of HBV may influence the viral antigen expression, which
will affect the host immune responseto HBV.  Antibody to hepatitis B surface
antigen (anti-HBs) can provide protective immunity to HBV infection and help to
clear HBV. Mutations in the surface gene of HBV may result in amino acid
substitutions in the common “a” antigenic determinant (amino acids 124 to 147) (12),
which can alter B-cdll epitopes of HBsAg leading to immunologic escape from the
host immunity elicited by either vaccination or previous infection. In addition to the
mutation at the B-cell epitope as mentioned above, a novel mechanism of persistent
infection which may escape T-cell recognition was demonstrated in lymphochorio-
meningitis virus infection (13). This negative stranded RNA virus has a high natural
mutation rate, and may escape MHC-dependent immune surveillance in the host by in
vivo selection of virus mutants that are resistant to recognition by cytotoxic T cells. A
novel mutation domain at the amino acid 29 to 53 of the HBV surface protein
coincides with a T-cell epitope was found in HBV infected individuals (14). In astudy
among six chronic HBsAg carriers and six adult patients, 83% had mutation within
this T-cell epitope region in both carriers and HCC adults,but with no difference
between carriers and HCC adults(15). Mutations were particularly frequent at amino
acid position 40, 47, and 53, which are highly evolutionarily conservative. These
mutational hot spots coincide with amapped HLA-A2-restricted T-cell epitope, i.e.
HBsAg amino acids 41-49. On the contrary, only 25% had mutations at the “ &’
determinant region of the surface gene.

After the launch of universal HBV vaccination program in Taiwan, the infection
rate and the chronic carrier rate are effectively reduced. However, problems against
eradication of HBV infection are still present. The main underlying causes are two
folds : oneisimmunoprophylaxis failure, the other is no vaccination due to limited
resources or ignorance. In Taiwan, the coverage rate of HBV vaccination is good
(‘around 87 to 97% in the genera children population). Immunoprophylaxisfailureis
an important problem to be explored. Approximately 0.7 to 1.7% of childrenin the
general population failed to respond to immunoprophylaxis and became chronic
HBSsA(g carriers (16). We have performed sequential seroepidemiologic studiesin
children of Taipel city in 1984, 1989, 1994 and 1999 (17). The HBsSA( seropositive
rates decreased from 10% in 1984 before the vaccination program to <1% after the
vaccination program.

We have studied the prevalence of HBV surface mutants at the “a determinant
region in carrier children before and after the vaccination era( 18). The prevaence of
surface gene mutants in carrier children increased from 7.8% in 1984, just prior to the



universal vaccination program, to 28.1% in 1994, 10 years after the launch of the
program. But the role of mutation at the T-cell epitopes of surface genein vaccine
failure remains unknown and needs further exploration.

The aims of this study are (1) to investigate the role of mutation at the HLA-
class| restricted T cell epitope and B cell epitope of hepatitis B surface antigen
(HBsAQ) gene in children with chronic hepatitis B virus ( HBV) infection with or
without hepatocellular carcinoma (HCC), and (1) to compare the mutation rates at the
T cell epitope and the B cell epitope in children with chronic HBV infection and HCC
with and without hepatitis B immunoprophylaxis in infancy.

SUBJECTSAND METHODS

. SUBJECTS:

Totally 112 children , 97 HBsAg carrier children and 25 HCC children, under
parental consents, were enrolled to this study. Among the 97 HBsAg carrier children,
53 children had received HBV immunoprophylaxis; another 44 HBsAQ carrier
children who did not received immunoprophylaxis were randomly selected from the
415 long term followed HBsA(g carrier children for comparison. At each visit,
physical examination, blood test for liver function profiles, and HBV markers were
conducted. The genetic changes at the mutation hot spotsin the HLA class |-
restricted T cell epitope and the B cell epitope on HBV surface antigen gene were
studied in these children.

[I.METHODS:

The clinical course and severity of hepatic inflammation ( ALT and AST levels)
during long-term follow-up, the immunoporphylaxis records, and age of HBeAg
seroconversion were correlated with the genetic changes at the T cell and B cell
epitopes of the HBsAg gene of HBV.

Careful vaccination history including hepatitis B immunoglobulin and HBV
vaccine were studied in each of the 112 children. They were divided into vaccinated
group and unvaccinated group. Mutatios of the HLA class| restricted T cell epitope
and B cell epitope on HBsAg gene were studied and compared in those 112 children
with o without HCC, and also in those who did and those who did not receive HBV
immunoprophylaxis.

1. HBV Markers (including HBsAg, anti-HBs, anti-HBc, HBeAg, anti-HBe) :

by radioimmunoassay using the commercially available kits manufactured by

Abbott Company, U.SA.

2. Liver Function Profiles: (Including ALT, AST, bilirubin, albumin/ Globulin)

Using Hitachi 7450 Autoanalyzer ( Tokyo, Japan).

3. Detection of Mutation in the Geneof HLA Class|-Restricted T Cell Epitope
on HBsAGQ.

DNA was extracted from 20 ul of serum and was resuspended in 10 ul of RNAase —
free water. The first polymerase chain reaction (PCR) was carried out in 40 ul of
reaction solution, which contained 1 ul of extracted DNA from the serum, 50ng each
of the sense and antisense primers, 200uM of dNTP, 1 U of DNA polymerase
(Biotolls, B & M Lab, S.A., Spain) and 4ul of 10X DNA polymerase reaction buffer.
The first PCR primers corresponding to HBV genomic regions of nucleotide 67-86
(P9, sense, 5 GGCTC, MAGTT,CMGGA, ACA GT 3') and 1,136-1,154 (PS5,
antisense, 5’ GCA AC, GGGG T , AAAGG, TTCAS3') were used. Amplification was




performed in 40 cycles, with denaturation at 95°C (10 min), annealingat 55 C (20
sec.) and extension at 72°C (1 min) using athermocycler (PTC-200, MJ Research,
Waltahm, MA, U.S.A.). Nested PCR was conducted in those with negative result for
first PCR using primers P5 (nucleotide 167-186, sense, 5’ ACATC, AGGAT, TCCTA,
GGACC 3) and P6. Direct sequencing of the PCR products was carried out as
described below.
4. DNA Sequencing
Automatic sequencing was conducted using the ABI prism dye terminator cycle
sequencing ready reaction kit according to the manufacturer’s instruction and read
by the ABI 373 DNA sequencer. Sequencing primers using the above mentioned P5
and P8 (nucleotide 842-822, antisense, 5 TTAGG, GTTTA, AATGT,ATGCC,C3).

RESULTS

Totally 112 children with chronic HBV infection , 15 with HCC and the
remaining 97 without HCC, were studied for T cell epitope and B cell epitopes at the
HBV surface antigen gene region. Totally 54 children ( 5 of them with HCC) had
received three or four doses of HBV vaccination, and four children had received three
doses of hepatitis B immunoglobulin (HBIG) prophylaxis at 0,1 and 6 month old.
They account for 53 of the 97 children with chronic HBV infection, and 5 of the 15
HCC children. Their basic characteristics are listed in table 1.

Sixteen children ( two with HCC) were infected with adr type of HBV, while 96
children ( thirteen with HCC) had adw type of HBV. One (9.1%) of the 16 children
with adr type of HBV and 11 (11.4%)of those 96 with adw type of HBV had T cell
epitope mutation. None of the 16 children with adr type HBV had mutation at the
B-cell epitope, no matter HBV immunized or not. On the contrary, sixteen ( 16.7%) of
the 96 children with adw typed HBV had B cell epitope mutation.

Assown in Table 2, HCC children had asignificantly higher rate of mutation rate
at the T cell epitope of HBSAg gene than that in children chronically infected by HBV
but without HCC (46.7% versus 6.2%, 7/15 versus 6/97; p=0.0013). Amino acids 40,
44, ad 47 are the most common site of mutation for T cell epitope. They occursin 5
(38.5%), 6(46.1%) and 3(23.1%) children of the 13 children with T cell epitope
mutation respectively. No difference in the rate of mutation at the B-cell epitope was
found between children with and without HCC (20% versus 15.5%, 3/15 versus 15/97;
p=0.70).

A trend of higher mutation rate in the B-cell epitope was found in children who
recelved HBV immunoprophylaxis than that in children without (22.4% versus 9.3%,
13/58 versus 5/54; p=0.063 ). Amino acids 145 and 126 are the most common sites of
surface gene mutation. They occurred in nine (50%) and six (33.3%) of the 18
children with B-cell epitope mutation, respectively. No differencein therate of T cell
epitope mutation was found between the vaccinated and unvaccinated children (8.6%
versus 14.8% , 5/58 versus 8/54; p=0.30).

Six patients lost their HBsAg during follow—up : three unvaccinated and three
vaccinated children with chronic HBV infection. The peak ALT levels during long
term follow-up in children with chronic HBV infection did not differ significantly
between those with and those without T cell epitope mutation. In those children
without HCC, the peak ALT levels n those with cell epitope mutation were below 70
IU/L in four (80%) and >200 IU/L (251 IU/L) in one (20%). In contrast, the peak ALT
levelsin children without T cell epitope mutation were >200 IU/L in 14 ( 16.7%),
70-200 1U/L in 18 ( 21.4%) children, and < 70 IU/L in 52 (61.9%) children.
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DISCUSSION

The pathogenesis of HCC remains largely unknown. The early carcinogenesisin
childhood HCC is particularly a mystery. The HCC in children in Taiwan is nearly
100% related to HBV infection. Although HCV has been closely related to HCC in
adults, HCV did not play arole in the childhood HCC in Taiwan and world wide.
According to our previous study, HCC in children occurs mainly in children of 6 years
and old. It has a shorter incubation period after HBV infection than adult HBV related
HCC, and the chance of exposure to the confounding factors, such environmental
factors or hormonal factors, are also much less. It is therefore a good model to study
therole of HBV in the carcinogenesis of HCC.

Our study revealed that the rate of mutation at the T-cell epitope region amino
acid residues 40-49 of the HBV surface gene is much higher in HCC children than
that in the chronic HBV carrier children without HCC (6.2% v.s. 46.7%,p<0.002).
This trend has not been observed in the HBV surface gene B cell epitope tope and
other sites of HBsAg gene in HCC children. A high mutation rate at amino acid 28-51
of the surface antigen was also observed in HCC adults. Tai et a. reported a mutation
rate of 83% at this hot spot areain adult HCC and surrounding non-tumor liver
tissues.

A similar trend of difference was found between adult HCC patients and
asymptomatic HBV carriers by Liu et al. Virus strains isolated from adult HCC
patients in Taiwan had an approximately two times higher frequency of amino acid
variation at the T cell epitope region of the surface gene of HBV than that of the
asymptomatic carrier adult patients. Although older adult patients usualy have a
higher rate of mutation for HBV, alower frequency of amino acid variation at the
surface gene region of adw serotype HBV among was observed in those HCC patients
> 50 years old than that in > 50 years old (relative frequency 0.44, p=0.04). Taken
together, the higher frequency of T cell epitope mutations at aminoacid residues 40-49
in children and possibly also in younger adults with HCC implicates the close
relationship of T cell epitope mutation with the early carcinogenesis. Thistrend has
not been found in the B cell epitope, nor in other reported T cell epitopes of the
surface gene such as amino acids 88-106, 158-172, and 172-191).

The total mutation rate at the T-cell epitope was significantly higher in children
with HBV related HCC than HBsA(g carrier children without HCC ( R.R. =7.5). In
comparison to the results in adults, children with HCC had a higher risk ratio of T-cell
epitope mutation than adults with HCC. Asreported by Liu et al. , and Chen et a. Liu
et a. Although adults with chronic HBV infection were reported to have a high rate of
amino acid 40-47 mutation, the risk ratio between chronic carriers and HCC was
around 2.0. While older patients have a higher rate of mutation of the HBV geneome
during chronic HBV infection, HCC patients younger than 50 years of age were
reported to have a higher risk ratio ( R.R.=2.3) of T cell epitope mutation than those
older than 50 years of age. Our HCC children are in the youngest age group in HBV
related HCC patients. This T cell epitope mutation at amino acid 40-47 suggests some
relationship with early hepatocarcinogenesis.

The B —cell epitope mutations were mainly detected at amino acids 126, 127, and
145, in both immunized and unimmunized children. The mutations at amino acids 126
and 145 were particularly prevalent in immunized children. In our previous report,
hepatitis B surface antigen variants were found both before and after the universal
hepatitis B vaccination program in Taiwan, 7.8% in 1984, 19.6% in 1989, and 28.1%
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in 1994 . the most prevalent site of mutation were reported to locate at the “&’
determinant hydrophilic loops at residues 125-129, and 140-149.

In conclusion, during chronic HBV infection, mutation at the T-cell epitope of
the HBV surface gene amino acid residue 40-49 might be associated with early
hepatocarcinogenesis.
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Tablel. Basic Characteristics of the 112 Children with chronic HBV infection

with or without HCC.

Chronic HBV Infection

Without HCC With HCC

(N=97) (N=15)
Ageat Enrollment (Yr.) 4.2 +- 45 8.8 +-5.0
Final Ageof Study (Yr.) 18.8 +- 6.2
Sex (Male: Female) 48 : 49 13:2
Initial ALT 30.1+-61.0 85.7 +- 67.1
Peak ALT 113 +- 1644 117 +- 155.5
Maternal HBsAg (+) 80% (76/95) 80% ( 12/15)

Table 2. Mutations of the HBV Surface Gene T-Cell Epitope and B Cell Epitopes

in Children with Chronic HBV Infection versus Those with HCC
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Chronic HBV Infection HCC

Vaccinated Unvaccinated Vaccinated Unvaccinated
(n=53) (n=44) (n=8) (n=17)

T Cell Epitope
aa40 N->S(2) N->S(1)* N->S(2)
aad4 G>E()x G->E (1) G->E (2*# G->E (2@
aa4s T->1(1)x
aa4’ V->E(1) T->K(1)# V->E(1)
aad9 L->P(1)@
B Cell Epitope
aal26 T->1(2)** T->A(2) T->A(1) T->A(1)
aal27 P->T(1) P->T(1),P->S(1)
aald3 T->§(1)**
aalds G->R(6) G->R(1) G->R(1) G->R(1)

Number in the parenthesis = number of patientswith the mutation ; x* ** #@

depictstwo different mutation sitesin the same patient.
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