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Summary

Cell-mediated immune response by lymphocyte induced through recognition

of HBV core antigen during acute HBV infection, chronic HBV infection and
in subjects recovered from HBV infection was investigated in the present

study by assessing the competence of IFN-y secretion by cultured PBMCs
on stimulation by HBV nucleocapsid antigen (HBcAg). Fresh blood was

collected in heparin from acute, chronic and recovered groups ofHBV infected

patients and uninfected vaccinated healthy controls aged between 18-50 years.

PBMCs were separated by Ficoll-Hypaque density gradient centrifugation

technique and were stimulated with hepatitis B virus core antigen (HBcAg)

and mitogen (lectin). Stimulated PBMCs were cultured in C02 and IFN-y
levels were measured from the culture supernatant by an in-house ELISA

technique. The mean:!:SE levels of IFN-y in HBcAg stimulated PBMCs in

acute, chronic, recovered and controls groups were 875 pg/ml:t297.56, 128.50

pg/ml:t33.66, 905 pg/ml:tl72.51 and 235.33 pg/ml::!:I11.28 respectively. IFN-y

levels produced by HBcAg stimulated PBM Cs of acute and recovered groups
were significantly higher than that of chronic and control group (p<O.OOI).

All groups responded strongly to lectin stimulation. Thus, it may be concluded

that patients with acute HBV infection and those who had recovered from

HBV infection show vigorous response to HBcAg stimulation in contrast to

patients with chronic HBV infection.

Introduction resolves in most instances, less than 5% of

Viral hepatitis is a necroinflammatory liver infected adults fail to clear the virusl.
disease of variable severity. Of the many viral Persistence is important for several reasons;

causes of human hepatitis, few are of greater firstly, most of the morbidity and mortality
global importance than hepatitis B virus of hepatitis B virus infection results from
(HBV). Primary infection may be persistent infection. Secondly, patients with

asymptomatic or may result in varying severe chronic hepatitis have 5 year survival
degrees of acute liver injury or acute rate is less than 50% cases2. Thirdly, chronic

hepatitis. Although primary infection hepatitis B patients who survive for 25-30
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years have a markedly increased incidence
for developing hepatocellular carcinoma'.
Finally, asymptomatic carriers are the major
epidemiologic reservoir of infection.

The eventual outcome, extent and severity

of HB V infection depend on a variety of viral
and host factors. Host responses playa major
role in disease pathogenesis and viral
clearance. In human infection, individuals

infected acutely with HBV can mount a
vigorous, multispecific and polyclonal
cellular immune response to HBY. In
contrast, chronically infected patients have
a weak or barely detectable anti-HBV

response4. This is true for CD4+ and CD8+
responses. During acute hepatitis B infection,

a vigorous human leucocyte antigen (HLA)
class II-restricted, CD4+ helper- T-cell

response to multiple epitopes of nucleocapsid
antigen (HBcAg) predominates in virtually
all patients. This nucleocapsid specific
CD4+ T cells prob<ibly play an important
immunoregulatory role in the control of viral
infection4.5. During chronic HBV infection,
the once-strong nucleocapsid-specific CD4+
T-cell response becomes barely detectable,

. presumably because of a switch to T-cell
exhaustion or non-responsiveness.

Interestingly, during reactivation or
successful treatment of chronic hepatitis B

infection, nucleocapsid specific CD4+ T cell
response may reappear6,7.

Hepatocellular injury mostly begins with
antigen recognition by HBV-specific
cytotoxic T lymphocytes (CTLs) with the
induction of apoptosis in HBV-positive
hepatocytes. The intrahepatic HBV antigen-
specific T cell activities are likely to be
reflected in the increased T-cell response to
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HBcAg/HBsAg in the peripheral blood'.
Recent studies have also shown that

cytokines released by virus-activated
cytotoxic T cells, especially interferon-
gamma (lFN-y) can inacti vate HB V
replication by the hepatocytes in vivo in
transgenic micex. This suggests that non-
cytolytic mechanisms may play an important
role in the clearance of this virus without

killing the infected hepatocytes.

The present study was thus designed to assess
the competence of secretion of IFN-y by
cultured peripheral blood mononuclear cells

(PBMCs) on stimulation by HBcAg among
patients with acute HBV infection. chronic
H!3V infection, subjects recovered from
HBV infection and uninfected vaccinated
controls.

Subjects and methods

The study was conducted at the Department
of Virology, Bangabandhu Sheikh Mujib
Medical University (BSMMU), Shahbagh,
Dhaka, between July to December 2002,

Subjects:

The study included 38 adult individuals aged
between 18-50 years comprising of the

following groups:

i.Acute hepatitis B virus infected cases

(n=04): Included patients who were HBsAg
positive and had positive anti-HBcIgM
antibody, recent history of jaundice, raised
alanine aminotransferase levels as well as

other typical symptoms of acute hepatitis.

2.Chronic hepatitis B virus infected cases

(n=20): These comprised of cases who were

HBsAg positive for at least six months.
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3. Recovered group (n=08): These included
cases who were previously HBsAg positive
but had converted to HBsAg negative state
and were anti-HBc positive.

4. Control group: Uninfected vaccinated

cases (n=06): These were apparently healthy
adults of both sexes with no history of

jaundice and had tested negative for HBsAg
and anti-HBc and completed the standard HB
vaccination schedule.

Separation and culture of PBMCs
a. Blood collection

Seven and half ml (7.5 m\) blood was

collected into tubes containing preservative
free heparin (I OU/ml of blood) for culture of
PBMCs.

b. Separation of PBMCs
Peripheral blood mononuclear cells
(PBMCs) were isolated from heparinised
venous blood by Ficoll-Hypaque density

gradient centrifugation technique by the
method of Jondal et al~.After centrifugation

at 400Xg for 20 mins at 20°C in a refrigerated
centrifuge, the upper layer containing
mononuclear cells was harvested carefully.
The separated PBMCs were washed thrice
with RPMI-1640. Supernatant was discarded
and the cell pellet was resuspended in 0.5 ml
RPMI-1640. Cell viability was checked by
trypan blue. Samples having more than 95%
viable cells were only used for PBMCs
culturellJ.

c. PBMC Culture

Following separation of PBMCs, complete
media was prepared by RPMI-1640
supplemented with 10% penicillin and
streptomycin and 10% heat inactivated fetal
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bovine serum with HEPES 25 mmolll' 1.12.

One ml complete media was transferred into

the test tube containing cell pellet after 3'''
wash for culture of PBMCsJ3. For, IFN-y
production 500/11of unfractionated PBMCs

adjusting 2XI06cells/0.5ml or 4XI06cells/ml
of culture media was taken into sterile tissue

culture plate and 5/1g of rHBc Ag (Biodesign
International, USA) was added~(). PBMCs

without antigen and mitogen was used as
negative control, while 10/1g lectin (Sigma
Diagnostics, USA) stimulated PBMCs was

taken as positive controI'4.15. Culture plates

were incubated for 6 days at 37° C in a C02 .

incubator containing 5% CO/,. On day 6,
approx. 400/11supernatant was collected and
tested immediately for IFN-y by an in-house
ELISA technique.

IFN-yassay:
An in-house ELISA was set up using the
following reagents: anti-human interferon-y
purified monoclonal, anti-human interferon-
y monoclonal antibody-biotin-Iabeled,
human interferon-y ELISA standard, HRP-
conjugated streptavidin and TMB substrate
solution (Pierce, USA).

a. Coating and blocking:
Microtitre plates were coated with 100/11of
diluted purified anti-human IFN-y (1.5 /1g/
ml in PBS, pH 7.4), covered and incubated
overnight at room temperature and blocked
with 200/1l1wellassay buffer (PBS with 4%
BSA, pH-7.2-7.4) for one hour. The plates
were then washed 3 times with wash buffer.
Standard was diluted with cell culture

medium (RPMI-I640) using concentrations
from 0 to1250 pg/ml to prepare a standard
curveJ6.17.
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b. Procedure afELlSA:

Briefly, 50 IIIPBMC culture supernatants and
prediluted standard was added to the ELISA
plate in duplicate wells, covered and

incubated for I hour at room temperature.
Then, 50 III of diluted biotin labelled Ab was

added, incubated at room temperature for
another hour and washed 3 times with wash

buffer. I00111HRP-conjugated strepta vidin
(I :8000) was added, incubated for 30 mins
at room temperature and washed 3 times.
Then, 100111TMB substrate solution was

added and incubated again for 30 mins at
room temperature. Finally, the reaction was
stopped with 100111/wellstop solution (0.18

M HzSOJ

The optical density was measured by an
ELISA reader at 450 nm. A standard curve

was extrapolated for each lot using different
concentrations of standard and the concen-

trations of the samples were determined.

Data analysis

All statistical analysis was done using SPSS.
Data was expressed as mean:tSE and
comparison between 2 groups was done by

unpaired t-test and among the 4 groups was
done by ANOVA. Probability less than 0.05
was considered as significant.

Results

The mean:tSE of IFN-y levels produced by
HBcAg stimulated PBMCs of the acute,

chronic, recovered and control groups were

875.00:t297.56 pg/ml, I28.5O:t33.66 pg/ml,
905:t172.51 pg/ml and 235.33:t111.28 pg/ml
respectively (Fig. I). IFN-ylevels in response
to lectin stimulation, were 1012.50:t237.50

pg/ml,864.25:t113.50 pg/ml, I25O:t.00 pg/ml
and I083.33:t166.67 pg/ml among the above
mentioned groups respectively (Fig-I).
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Fig.I: Interferon gamma levels produced by
PBMCs on stimulation by HBcAK and lectin
among the various groups.

Table-I shows the IFN-y levels produced by
cultured PBMCs in response to HBcAg
stimulation among the acute, chronic,
recovered and control groups. The level of

IFN-y secretion was significantly higher in
acute group than that of chronic and control

groups (p<O.OOI). IFN-y secretion in the

acute HBV group was comparable to that of
the recovered group (p>0.05). However, the
IFN-y level in recovered group was
significantly higher than that of chronic
(p<O.OOI) and control (p<O.OI) groups.

Table -I: Levels of IFN-y response to HBcAKby
PBMCs among acute, chronic, control and
recovered groups.

Groups Mean pg/ml Std Error

Acute (n=04)
Chronic (n=20)
Recovered (n=08)
Vaccinated control

(n=06)

875.00
128.50
905
235.33

297.56

33.66 p<O.OOI
172.51
111.28

In the chronic HBV infected group, IFN-y
level of PBMCs in HBeAg negative cases
were I33.82:t37.95 while it was 98.33:t76.93

in HBeAg positive cases (Table-II). Level of

secretion to different stimuli in these groups
was not statistically significant (p>0.05).
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Table-II: IFN-y response of PBMC.f between HBeAX positive and HBeAX nexative cases in chmllic

groups on stimulation by HBcAg and lectin.

Groups: Chronic hepatitis
B virus infection

Positive Control (lectin)
pg/ml

Core Antigen (HBcAg)
pg/ml

HBeAg negative
cases (n= 17)

Mean
Std Error

HBeAg positive
cases (n=03)

Mean
Std Error

Significance

133.82
37.95

897 '()6

124.85

98.33
76.93

678.33
298.24

p>0.05 p>O.05

Discus~ion

Analysis of the lymphocyte response to

different HBV-encoded antigen in large
populations of patients at different stages of
HB V infection is required for a better
understanding of the cellular mechanisms

responsible for the clearance of HBV
infection and evolution toward chronicity5.
Our study was carried out on a small scale

using nucleocapsid antigen (HBcAg) to
stimulate IFN-y production by cultured
PBMCs. The results illustrate some features

of the cell-mediated immune response to
HBV nucleocapsid antigen as a possible
mechanism for the clearance and different
outcomes of HBV infection. Number of

subjects was recruited on the basis of the

availability during the limited period of study.

IFN-y is an NK cell product during innate
responses, but activated T cells produce it

during adaptive responses. Our study showed
that acutely infected HBV patients responded
vigorously to HBcAg stimulation as detected
by high IFN-y levels from the PBMCs culture

supernatant, whereas chronic and control
groups did not respond to HBcAg at all

(Table-I). This observation is supported by

a study on cytokine profile of HB V
nucleocapsid specific T cells in acute'

hepatitis B, which showed that the antigen
specific fraction of peripheral blood T cells
in acute hepatitis B selectively secrete Th I
cytokinesl2. Another study which measured

HB nucleocapsid antigen stimulated IFN-y
in acute and chronic hepatitis B infection
observed higher levels of IFN-y in PBMCs
culture in acute hepatitis than in chronic
onesIX. Moreover,some patients with chronic
hepatitis B virus infection acquired in adult
life have a reduced capacity to produce alpha
and gamma interferon, which is unrelated to

the level of viral replication and to the
severity of liver diseasel7.

In contrast to the extremely low frequency
of circulating HBV-specific T cells in chronic

hepatitis B, HBV antigen responsive T cells
are still present at high frequency in the
peripheral blood even decades after complete

recovery from acute hepatitis B''J. However.
their cytokine pattern seems to differ from

that observed in the acute stage of infection
because it is dominated by ThO cells which

are able to produce not only IFN-y but also
IL-4 and IL-512. However, investigations on
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IL-4 and IL-5 cytokines were beyond the
scope of the current study.

Our study showed no difference in secretion
of IFN-y to HBcAg stimulation between the

HBeAg positive and HBeAg negative
chronic hepatitis B virus infection (Table-II).
Similar observations were made by other
investigators'6.2u. In contrast, a few studies
found association between HBeAg positive
and negative status and production of various
cytokines 11.21.

In conclusion, the data generated from this

study are in agreement with the general view
that predominant Th I type T cell responses
can sustain inflammatory reactions and Th I
mediated effects at the site of infection can

contribute to local immunopathology. Since
HBV antigen specific T cells are present at a

higher frequency in the peripheral blood of
subjects recovered from HB V infection, a
vigorous T cell mediated response with

predominant production of Th I type
cytokines may be crucial for successful
resolution of hepatitis B virus infection.
However, further extensive studies are

needed to determine whether only the
intensity or efficiency of T cell responses

-differ in patients who clear the virus spont-
aneously in contrast to those who can not.
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