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Summary

The IFN-y levels in serum and cultured supernatant of peripheral blood
mononuclear cells (PBMCs) were compared after stimulation by HBsAg ad,
HBsAg ay and HBcAg among 3 groups of subjects i.e. patients with acute
HBV infection, patients with chronic HBV infection and subjects recovered
from HBV infection. Uninfected vaccinated group was taken as control.
Serum and PBMCs were obtained from 38 individuals between 18-50years of
age. PBMCs were separated from heparinised blood by Ficoll-Hypaque

density gradient centrifugation technique and cultured in C02 incubator after
stimulation by HBV surface and core antigens. IFN-y concentration was
measured in serum and culture supernatant ofPBMCs by an in-house ELISA
technique. The mean serum IFN-y levels in acute, chronic, recovered and
control groups were 88 pg/ml, 96.6 pg/ ml, 155pg/ml and 205 pg/ml respectively.
On stimulation by HBsAg ad, IFN-y levels in cultured PBMCs of the above
mentioned groups were 282.50 pg/ml, 307.45 pg/ml, 915.62 pg/ml and 511.67
pg/ml respectively, while in the same group on HBsAg ay stimulation, IFN-y
levels were 246.25 pg/ml, 374.70 pg/ml, 1040 pg/ml and 465.83 pg/ml
respectively. On stimulation by HBcAg, the IFN-ylevels were 875 pg/ml, 128.50
pg/ml, 905 pg/ml and 235.33 pg/ml respectively in the acute, chronic, recovel'ed
and control groups. When compared with serum, significantly higher levels
of IFN-y in cultured supernatant of PBMCs were observed after stimulation
by HBsAgad and HBsAgay subtype in cases of chronic (p<0.05) and recovered
groups (p<O.OIand p<O.OOIrespectively). However, no statistically significant
difference of IFN-y level was observed between serum and PBMCs amongst
the acute and control groups when stimulated by either of the HBsAg
subtypes or HBcAg. In the recovered group, IFN-y levels produced by
PBMCs after stimulation by HBcAg were significantly higher than that of
serum (p<O.OI).The study concludes that on subsequent exposure, PBMCs of
the recovered group produces higher levels of IFN-y in response to different
hepatitis B antigens. This response perhaps is able to protect individuals who
are unable to develop anti-HBs.
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Introduction

Hepatitis B Yirus (HBY) is a ubiquitous
organism that is distributed globally. An
estimated 400 million people are carriers of

the hepatitis B virus worldwide, resulting in
approximately 250,000 deaths each year from
the associated consequences of fulminant
hepatic failure, cirrhosis of liver and
hepatocellular carcinoma (HCC). More than
2 billion people alive today have been
infected by HBY and these individuals have
a 100 fold increased risk of developingHCC'.

In most instances primary infection resolves
spontaneously, however, in approximately
less than 5% of infected adult the primary
infection fails to resolve2. The reasons why
some individuals resolve HBY infection

whereas others do not are poorly understood.
Much correlative clinical evidence suggests
that variations in host immune responses
especially cellular immune responses playa
critical role.1.

HBsAg-specific class II restricted T cell
clones can trigger its effects by secreting

IFN-yfrom Till cells in the liver when they
recognize antigen presented by hepatic
macrophages4. Since IFN-y is a powerful
macrophage activator, it is possible that its
antiviral effect is mediated by TNF-a

produced by activated macrophages5.c>.The

early noncytopath ic control of HB Y

replication is associated with the induction
of IFN, possibly due to the influx into the
liver ofIFN-y producing non- T cells, perhaps
natural killer cells that recognizes infected
cells in the absence of MHC class I

expression. The IFN-yproduced by influx of
natural killer cells performs dual functions

by inhibiting HBY replicatIon, thereby
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reducing the number of infected hepatocytcs
and by up-regulating MHC class l. This
permits the remaining infected cells to present
viral antigens to the antigen-specific CTLs
(Cytotoxic T Lymphocytes) that comp lete the
process by killing the residual targets7,
Inflammatory cytokines, especially IFN-y.
suppress HBY gene expression and
replication and may contribute to viral
persistence if the effect is incomplete or if
the virus infects a person whose immunc
response ~o HBY does not produce this

cytokine. Indeed, the cytopathic potential' or
the CTL in these individuals trigger
destruction of infected hepatocytes, whereas
failure of their CTL to produce the
appropriatecytokines may contribute to viral
persistenceK.

Activation of the humoral immune response
with production of neutralizing antibody
prevents further viral spread and leads to
subsequent elimination of circulating virus').
In the majority of infected persons, anti-
envelope antibody is readily induced and

leads to protection from subsequent infection.
However. it may become undetectable in
some patients who had recovered fully f:-om
infection'o. It is therefore, thought that IFN-

y response is mainly responsible for thc
elimination of HBY infection in these

patients and perhaps the secondary response

of Till cells to HBY antigens leading to
production of IFN-y, which can help to
protect these patients from further infection.
As such the present study was designed to
measure the levels of IFN-y in serum and
cultured peripheral blood mononuclear cells

(PBMCs) after stimulation by HBsAg ad.
HBsAg ay and HBcAg in patients with acute
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and chronic HBV infection, and subjects
recovered from HBV infections and In

uninfected vaccinated control group.

Materials and Methods

The study was carried out at the Department

of Virology, Bangabandhu Sheikh Mujib
Medical University (BSMMU), Shahbagh,
Dhaka, between July to December 2002.

Su~jects

A total of 38 adult individuals aged between
18-50 years were included in the study. The
study population comprised of the following

groups:

Group-I: Acute hepatitis B virus infected

Cllses (n=04): These included patients who
were HBsAg positive and had positive anti-
HBclgM antibody as well as recent history

of jaundice, along with raised alanine
aminotransferase and other typical symptoms
of acute hepatitis.

Group-II: Chronic hepatitis B virus illfected
cases (n=20): Included cases who were

HBsAg positive for at least six months.

Group-III: Recovered group (n=08): These
were cases who were previously HBsAg
positive but converted to HBsAg negative
state and were anti-HBc positive. All of them
except 2 cases developed anti-HBs.

Control group: Uninfected vaccinated cases

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

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

Antigens and Mitogen

Hepatitis B Surface Antigen (HBsAg) ad

subtype, Hepatitis B Surface Antigen

(HBsAg) ay subtype, Recombinant a.a.1 to
a.a.183 hepatitis B core antigen (rHBcAg)
(Biodesign International, USA) was used for
stimulation. Mitogen, lectin (PHA) and

Histopaque-I077 (Sigma Diagnostics, USA)
were used as positive control and for

separation of PBMCs respectively.

Blood collection

Ten ml venous blood was collected from each

case. From this, 7.5 ml was placed into tubes
containing preservative free heparin (I OUI
ml of blood) for culture of PBMCs and the

rest was used to obtain serum for IFN-yassay.
Serum was stored at -70uC until used.

Separationllnd culture of PBMCs

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

gradient centrifugation technique". After
centrifugation at 400 g for 20 mins. at 20uC
in a refrigerated centrifuge, the upper layer
containing mononuclear cells was harvested
carefully. The separated PBMC was washed
thrice with RPMI-1640. Supernatant was
discarded and the cell pellet was resuspended

in 0.5 ml RPMI-I640. Cell viability was
checked by trypan blue. Samples having
more than 95% viable cells were only used
for PBMCs culturel2.

Following separation of PBMCs, complete

media was prepared by RPMI-1640
supplemented with 10% penicillin and
streptomycin and 10% heat inactivated fetal
bovine serum with HEPES 25 mmol/II.\.I4.

One ml complete media was transferred into
the test tube containing cell pellet after 3'''
wash for culture of PBMCSI5. For, IFN-y
production 500 Jll of unfractionated PBMCs
adjusting 2x IOhcells/ 0.5ml or 4x IOhcells/
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ml of culture media was taken into 3 wells

of sterile tissue culture plate and 5 Jlg of each
HBsAg ad, HBsAg ay & rHBc Ag was added

separately into each we1l12.PBMCs without

antigen and mitogen were used as negative
control, while 10 Jlg lectin (PHA) stimulated

PBMCs were taken as positive control Ic.. 17.

Culture plates were incubated for 6 days at

37nC in a C02 incubator containing 5% C0213.
On day 6, approx. 400 JlI supernatant was
collected and tested immediately for IFN-y
by an in-house ELISA technique.

IFN-y assay by in-house ELISA

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).

Coating and blocking

Microtitre plates were coated with 100 JlI of

diluted purified anti-human IFN-y ( 1.5 Jlgi
ml in PBS, pH 7.4), covered and incubated
overnight at room temperature and blocked
with-200Jll/well assay buffer (PBS with 4%

BSA, pH=7.2-7.4) for one hour. After
incubation, the plate was washed 3 times with
wash buffer. Standard was diluted with cell

culture medium (RPMI-1640) using

concentrations from 0 to 1250 pg/ml to
prepare a standard curveIX.19.

Procedure of ELISA

PBMC culture supernatant and patient's

serum were tested for IFN-y. Briefly, 50 JlI
samples and prediluted standard were added
to the ELISA plate in duplicate wells, covered

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

added and incubated again at room
temperature for another hour and washed -'
times with wash buffer. 100 JlI HRP-
conjugated streptavidin ( I :8(00) was added.

incubated for 30 mins. at room temperature
and washed 3 times. Then, 100 JlI TMB
substrate solution was added and ~ncubated

again for 30 mins. at room temperature.
Finally, the reaction was stopped with 100JlII

well stop solution (0.18 M H2SO).

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

extrapolated for each lot using different
concentrations of standard and the

concentrations of the samples were
determined.

Data analysis

Statistical analysis was done using SPSS
package for windows by paired 't' test.
Probability less than 0.05 was considered as
significant.

Results

The mean serum IFN-y levels in acute.
chronic, recovered and control groups were
88 pg/ml, 96.6 pg/ml, 155pg/ml and 205 pgl
ml respectively.After stimulation of cultured
PBMCs by HBsAg ad, IFN-y levels were
282.50 pg/ml, 307.45 pg/ml, 915.62 pg/ml
and 511.67 pg/ml respectively, while the
levels were 246.25 pg/ml, 374.70 pg/ml.
1040 pg/ml and 465.83 pg/ml respectively
when stimulated by HBsAg ay in the above
mentioned groups. On stimulation hy
HBcAg, the IFN-y levels were 875 pg/ml,
128.50 pg/ml, 905 pg/ml and 235.33 pg/ml
respectively in acute, chronic, recovered and
control groups.
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Table I shows the IFN-y levels of serum and

cultured PBMCs on stimulation by HBsAg
ad subtype, HBsAg ay and HBcAg. On
stimulation by HBsAg ad subtype a
significant difference was observed between

IFN-y levels of serum and cultured PBMCs

in the chronic (p<O.05) and recovered groups
(p<O.O I). No statistically significant
difference of IFN-y levels was observed in

the acute and control groups.

Similarly, a significant difference was
observed between IFN-y levels of serum and

cultured PBMCs on stimulation by HBsAg
ay subtype in the chronic (p<O.05) and
recovered groups (p<O.OOI). However, in the
acute and control groups, the differences
were not statistically significant.

And lastly, the same table showed a

significant difference between IFN-y levels
of serum and cultured PBMCs (p<O.OI) in
the recovered group only when stimulation

was done by HBcAg. No statistically
significant difference was observed in the
other 3 groups.

Table-I: IFN-y level.I' of serum and cultured PBMCs Oil stimulatiofl by HBsAg ad. H HsAg {/y will
HBcAg with significaflce

Discussion

A few of clinically recovered subjects from

HBY infection do not develop anti-HBs,
although all of them develop anti-HBc1o.

IFN-y, a defining cytokine ofTH] cells plays
the key role during recovery from HBY

infectionX, It is thought that perhaps IFN-y
protects the individuals who had cleared

HBsAg but failed to develop anti-HBs from
subsequent HBY infection.

The present study showed that PBMCs of the

acute, chronic or control groups did not

respond to HBsAg of ad and ay subtypes.
However, that of the acute group responded

to HBcAg vigorously. Similar reports were
also published from other studies 12.20. In the

recovered group. IFN-y secretion by PBMCs
was high irrespective of whether they have

anti-HBs or not. The two recovered subjects
in our series, who did not develop anti-HBs,
had not suffered from subsequent HBY
infection for more than 10 years after the
elimination ofHBsAg from their blood. Their

IFN-y response to all the HBY antigens was
comparable to that in those who had
developed anti-HBs.

Subjects who had recovered from HB Y

infection and had developed anti-HBs are

considered immune to subsequent infection,

whereas, those who had not developed anti-
HBs are considered recovered but susceptible
to subsequent infectionll. However, it has
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Groups Mean serum Mean IFN-y level secretcd by PBtyfCs(pg/ml)

IFN-y level HBsAg ad p values HBsAg ay p valucs HBcAg p valucs
(pg/ml) (pg/ml) (pg/ml) (pg/ml)

Acute 88 282.50 p>0.05 246.25 p>O.05 875 p>O.OS
Chronic 96.6 307.45 p<0.05 374.70 p<O.05 128.50 r>0.05
Recovered 155 915.62 r<O.OI 1040 r<O.OOI 905 p<O.OI
Control 205 51L67 r>O.OS 465.83 p>O.OS 235.33 p>O.05
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been demonstrated that chimpanzees who did
not develop anti-HBs after vaccination were

protected agai nst su bsequent HB V
infectionll. The study did not assess IFN-y

response to HB vaccine and no specific
mechanism for protection against HBV was
proposed. Thus. it may be suggested that
recovered subjects in our series who did not
develop anti-HBs but were good responders
ofIFN-yon stimulation by HBV surface and
core antigens. were perhaps protected from
subsequent infection for a long time due to
IFN-y response. It is possible that others

cytokines may also have a role in this
protection. However. the assessment of these

cytokines was not within the scope of this
study. Further extensive follow-up studies on
cytokine responses especially IFN-yresponse
in subjects recovered from HBV infection

with or without anti-HBs response may
perhaps help to establish whether recovered
subjects without anti-HBs have protective
immunity against subsequent infection.
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