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Summary. — DNA vaccines have been widely used as effective means of eradicating a variety of viruses,
parasites, bacteria as well as means of alleviating allergic and autoimmune diseases and tumors. As interleukin 1
(IL-1) plays an essential role in augmenting both cellular and humoral immune responses to foreign antigens,
it may represent a good candidate for an adjuvant to DNA vaccines. Since the inflammatory activity of IL-1
may have a restricted application to DNA vaccines, we explored the possibility of augmenting immune response
without unwanted inflammatory effect using IL-1f3 163—171 peptide, which is essential for IL-1 receptor 1
binding. A DNA fragment encoding the human IL-1f 163—171 peptide of concern was fused to the Hepatitis
B virus (HBV) core DNA vaccine, and injected into mice to analyze its immune responses. Compared with the
control mice which received hepatitis B virus core antigen (HBcAg) alone, significant increase in not only the
HBcAg-specific antibody response but also in T cell proliferation was observed in mice which received IL-1f
163—171-HBcAg. These results suggest that the DNA fragment encoding the IL-1[ polypeptide of aa 163—171
might represent a good candidate for an adjuvant of DNA vaccines.
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Introduction

Direct injection of plasmids expressing an antigen under
the control of eukaryotic promoter into muscles has been
shown to be an effective method of inducing immune
response to a variety of viral (Wang et al., 1993; Xiang et
al., 1994; Manickan et al., 1995; Geissler et al., 1998),
parasitic and bacterial (Lozes et al., 1997; Lowrie et al.,
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Abbreviations: APCs = antigen presenting cells; BSA = bovine
serumalbumin; ELISA = enzyme-linked immunosorbent assay;
HBV = Hepatitis B virus; HBcAg = HBV core antigen; HRP =
horseradish peroxidase; IL-1 = interleukin 1; PBS = phosphate-
buffered saline; RBC =red blood cell; SDS-PAGE = polyacryl-
amide gel electrophoresis in the presence of sodium dodecyl sulfate;
SI = stimulation index

1997) antigens. In addition, it has also shown efficacy of
treatment of allergic diseases, autoimmunity and model
tumors (Ciernik et al., 1996; Weber et al., 1998; Stevenson
etal., 1995). DNA vaccines result in intracellular processing
of antigenic peptides, secreting expressed proteins from
muscle cells, and their presentation to the immune system
by antigen presenting cells (APCs) (Tang et al., 1992).
Cytokines play an important role in affecting antigen
presentation to MHC class I and II molecules on APCs.
IL-1 amplifies both the cellular and humoral immune
responses to foreign antigens (Lin e al., 1995), but its
inflammatory activity restricts its application as an adjuvant
in vivo (Vetri and Smith, 1996; Verschraegen et al., 1996).
Human IL-1p peptide of the sequence VQGEESNDK (aa
163—171), which is crucial for binding to the IL-1 receptor
1, was shown previously to be effective both in the T cell-
independent and T cell-dependent immune response by
enhancing both primary and secondary responses
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(Tagliabue and Boraschi, 1993; Beckers et al., 1993; Antoni
et al., 1986).

In this paper, the DNA fragment encoding the IL-1f3
163171 peptide was studied for its potential to elicit a signi-
ficantly enhanced immunogenicity of DNA vaccines. The
HBcAg was chosen as a model. Our results indicate that the
IL-1P 163-171 peptide could enhance both the cellular and
humoral immune responses to HBcAg by fusing the DNA
fragment encoding the peptide of concern with HBcAg
c¢DNA. This IL-1B 163-171 peptide might also have a
general application as an adjuvant to DNA vaccines.

Materials and Methods

Construction of recombinant plasmids. The HBcAg gene was
amplified from the plasmid pBI 1301-HBcAg constructed by us
earlier by PCRusing the sense primer HBcAg-F (5'-GCGGCG
GATCCATGGACATTGACCCGTAT-3") with a BamHI site and
the antisense primer HBcAg-R (5'-GCCGCGCGGCCGCCTAA
CATTGAGATTCCCGAGA-3") with a Notl site (restriction sites
are underlined). The PCR product was digested with BamHI and
Notl and inserted into the eukaryotic expression vector pcDNA3
(Invitrogen) under the control of an early enhancer and promoter
of cytomegalovirus and a bovine growth hormone terminator. The
resulting recombinant plasmid was pcDNA3-HBcAg.

HBcAg gene was recloned into the prokaryotic expression
vector pET-28a (Novagen). The resulting recombinant plasmid
pET-28a-HBcAg served for prokaryotic expression of HBcAg. The
expression of HBcAg in Escherichia coli strain BL21(DE3)pLysS
(Novagen) was induced with IPTG (Sigma). HBcAg was checked
by polyacrylamide gel electrophoresis in the presence of sodium
dodecyl sulfate (SDS-PAGE).

The DNA fragment encoding the IL-1f3 163—171 peptide was
prepared by annealing of complementary oligonucleotides IL-1(3-F
(5-GATCCATGGTGCAGGGCGAGGAGAGCAACGACAAGG-3)
and IL-1B-R (3'-GTACCACGTCCCGCTCCTCTCGTTGCTGTT
CCCTAG-5") (BioAsia, PR. China). The annealing was perfor-
med in a volume of 20 pl containing 50 mmol/I IL-13-F and
50 pmol/l IL-1B-R oligonucleotides. After denaturation at 94°C
for 5 mins, the mixture was cooled slowly to room temperature.
The annealing product represented the DNA fragment encoding
the IL-1 163-171 peptide with cohesive BamHI termini at both
ends. It was inserted into the BamHI site occurring at the 3'-end of
the HBcAg gene in the recombinant plasmid pcDNA3-HBcAg so
that upon expression a fused protein [HBcAg]-[IL-1B 163-171]
was produced.

Clones of new recombinant plasmids were sequenced using
the dideoxy chain termination method. The plasmids were prepa-
red by standard alkaline lysis followed by double CsCl density
gradient centrifugation (Sambrool et al., 1989). The A, /A, va-
lues of plasmid purificates were about 1.9. They were stored at
-20°C until used.

HBcAg purification. The bacteria were resuspended in
10 mmol/1 Tris-Cl, sonicatied and centrifuged at 10,000 x g for 15
mins at 4°C. The protein was purified from the supernatant using

a Ni**-NTA-Sepharose 6B column according to the manufactu-
rer’s instructions (Hilden, Germany).

Transfection of mammalian cells. Expression of HBcAg from
the plasmid pcDNA3-HBcAg was carried out by transfection of
the 293 cells (Invitrogen) by the calcium phosphate-DNA precipi-
tation method in a standard way (Sambrool et al., 1989).

Western blot analysis was employed for assaying the expres-
sed HBcAg. Extracts from transfected 293 cells were electropho-
resed in 12% SDS gels and blotted onto a nylon membrane
(Amersham Pharmacia, England). The blot was blocked with PBS
containing 10% BSA and 0.05% Tween-20. After 1 hr of incuba-
tion, the blot was washed three times with PBS and incubated
with a mouse HBcAg antibody for 1 hr. After washing three ti-
mes, a 1/1000 dilution of a goat anti-mouse horseradish peroxida-
se (HRP)-conjugated antibody (Huamei, China) was added and
the mixture was incubated for 1 hr. The blot was washed three
times before adding DAB (Sambrook et al., 1989).

Immunization of mice. Male BALB/c mice were bred in the
facilities of this Institute. Groups of anesthetized mice (six mice in
each group) were injected intramuscularly in the left hind thigh
muscles with 100 ug of plasmid DNA in 0.9% NaCl. The mice
were boosted 2 weeks later. Animals of the group 1 were injected
with plasmid pcDNA3 (negative control). The group 2 was given
the plasmid pcDNA3-HBcAg; while the group 3 the plasmid
pcDNA3-IL1B-HBcAg. The sera were collected at indicated time
intervals.

Measurement of antibody response. Sera from vaccinated mice
were assayed for the antibody response using a competitive enzy-
me-linked immunosorbent assay (ELISA) kit (Kehua, China) and
an ELISA plate reader (Biorad, USA). In brief, if the sample con-
tained an anti-HBcAg antibody that reacted with HBcAg, the an-
tibody would inhibit binding of the HRP-labeled anti-HBcAg anti-
body and no color reaction would occur. If the sample did not con-
tain an antibody that reacted with HBcAg, the HRP-labeled anti-
HBcAg antibody would bind and a color reaction would occur.

T cell proliferation assay. Spleens from the vaccinated mice
were removed and digested with trypsinase K for 2 hrs. Red blood
cells (RBC) were removed by incubation in 0.83% NH,CI and
0.17 mol/l Tris pH 7.4 for 10 mins at 37°C. T cells (2 x 10%ml)
were grown in 96-well plates and then incubated with purified
HBcAg. Splenocytes were incubated at 37°C in 5% CO, for 3 days.
Cultures were incubated with 50 pg MTT (Sigma) for 6 hrs before
the addition of acidified isopropanol and were analyzed at 570/
630 nm in an ELISA plate reader. The results were expressed as a
stimulation index (SL, ST=A_ . with antigen /A ., without
antigen), which was regarded positive if SI < 2.

Results
Expression of HBcAg in E. coli

The HBcAg cDNA was inserted into the plasmid pET-28a
downstream of the 6xHis tag to facilitate its protein
purification. The “empty”plasmid pET-28a served as a
negative control. E. coli strain BL21(DE3)pLysS was
transfected with the above plasmids. The protein expression
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was induced by IPTG. In contrast to the negative control, a
protein of 21 K was specifically expressed from the pET-
28a-HBcAg plasmid as revealed by SDS-PAGE and
Coomassie Brilliant Blue staining (data not shown). The
protein was purified up to 95% purity using a Ni**-NTA-
Sepharose 6B column.

Expression of IL-13-HBcAg in mammalian cells

The HBcAg gene digested with corresponding restriction
endonucleases and the DNA fragment encoding the IL-1f
163-171 peptide, were cloned into the pcDNA3 plasmid,
resulting in the pcDNA3-IL1B-HBcAg plasmid. Digestion
with restriction endonucleases, PCR and sequence analysis
were used to verify correct insertion and sequence fidelity
of the recombinant plasmid.

293 cells were transfected with the recombinant plasmid
and the “empty” plasmid served as the negative control. The
cell lysates were subjected to Western blot analysis. A 21 K
protein was specifically detected by HBcAg antiserum from
the lysate of cells transfected with pcDNA3-IL1p3-HBcAg
plasmid. The empty plasmid pcDNA3 (negative control)
gave a negative result (Fig. 1).

Immunization of mice with the DNA vaccine producing
HBcAg and the effect of the IL-1 163—171 peptide

To test the possibility that the IL-1 163—171 peptide
might boost the immune responses of DNA vaccines in
general, three groups of anesthetized mice (six mice in each
group) were injected intramuscularly in the left hind thigh
muscles with either the empty plasmid pcDNA3 (negative
control), pcDNA3-HBcAg or pcDNA3-IL13-HBcAg. The
injections were repeated two weeks later to boost the immune
responses, and the sera from the vaccinated mice were
assayed for the antibody responses by competitive ELISA.

After the primary injection, no blood samples collected
from any of the immunized mice groups showed a detectable
level of immune response. At day 10 after the second
injection, the sera from three out of six mice injected with
pcDNA3-HBcAg were positive, while all of the six mice
injected with pcDNA3-IL13-HBcAg were positive. The
mean A of the pcDNA3-IL1B3-HBcAg group was signifi-
cantly lower than that of the pcDNA3-HBcAg group (Fig. 2).
These results suggested that the IL-1f3 163—171 peptide
increased this particular antibody response and might
increase the antibody responses to DNA vaccines in general.

T cell proliferation response to the DNA vaccine produ-
cing HBcAg and the effect of the IL-1[3 167-171 peptide

To determine whether T cell proliferation response to the
DNA vaccine producing HBcAg may be boosted by IL-1f3

Fig. 1
Western blot analysis of expression of HBcAg in 293 cells
pcDNA3 (lane 1); pcDNA3-IL1B-HBcAg (lane 2).

163-171 peptide, splenocytes from vaccinated mice were
examined for proliferation. Although the mice injected with
plasmids pcDNA3-IL-1p3-HBcAg or pcDNA3-HBcAg
elicited significant proliferation responses over a wide range
of HBcAg concentration (540 pg), pcDNA3-IL13-HBcAg
increased T cell proliferation index two-three-fold compared
with plasmid pcDNA3-HBcAg (Table 1). No specific
stimulation with the plasmid pcDNA3 (negative control) was
observed. Thus, the IL-1p 163171 peptide could not only
increase the humoral immune response but also the cellular

Mean A5
0.6

0.51

0.41

0.31

0.21

0.11

i*

Group2 Group 3 Standard
positive sera

0.0-
Group 1

Fig. 2
HBcAg antibodies in the immunized mouse sera 10 days after the
second plasmid injection

Competitive ELISA. pcDNA3 (group 1); pcDNA3-HBcAg (group 2);
pcDNA3-IL1B-HBcAg (group 3).
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Table 1. Proliferation of murine splenocytes induced by HBcAg
Stimulation index (SI)
Plasmids HBcAg (ug) Con A
40 20 10 5
pcDNA3 2.11+£0.23 1.04 £0.25 0.87 £0.18 0.84 £ 1.12 10.33 £0.35
pcDNA3-HBcAg 371 +0.41 3.19+0.61 2.74 £ 0.37 2.52+0.22 9.42+0.21
pcDNA3-IL13-HBcAg 9.77 £ 0.35 8.22+0.41 8.37+£0.31 6.78 £0.22 11.02 + 1.37
Results are expressed as mean SI from triplicate wells + SE. SI = the mean A .= of the culture stimulated with HBcAg/the mean A .. of the

culture not stimulated with HBcAg.

immune response when used as an adjuvant to this particular
DNA vaccine.

Discussion

A few adjuvants to DNA vaccines have been so far
described (Kim et al., 2001; Nobiron et al., 2001; Wang et
al., 2000). However, none of them have been shown to be
highly effective, and at the same time they all have side
effects in humans. It is now widely believed that IL-1 plays
an important role in B and T cell activations. Purified IL-1
was shown to enhance secondary antibody response of
protein antigens both in vitro and in vivo (Lin et al., 1995;
Staats et al., 1999). But its potent pyrogenic and inflamma-
tory effects (such as leukocyte increase and activation,
induction of acute phase reactants, serum ion alteration,
temperature increase, etc.) restrict its application as an
adjuvant (Veltri and Smith, 1996; Verschraegen et al., 1996).
Several short peptides of murine and human IL-1 have been
synthesized to determine the minimal structure responsible
for their biological activities (Antoni et al., 1986). Among
those peptides, a nonapeptide from human IL-1f
(VQGEESNDK, aa 163-171) was shown to maintain the
capacity to activate B and T cells without any inflammatory
responses (Antoni et al., 1986; Boraschi and Tagliabue, 1999;
Tagliabue and Boraschi, 1993). Excessive amount (100 mg
of the peptide per kg of body weight) of the IL-1f 163-171
peptide had to be used to elicit a significant enhancement
of antibody response (Rao and Nayak, 1990); however, it
limited its applicability as an adjuvant. DNA vaccines have
provided a promising approach to overcome this problem.

In our study, the in vivo immunostimulatory activities of
the IL-1P 163-171 peptide were tested on the immune
responses to HBcAg DNA vaccine. No sera collected from
all the immunized groups showed a detectable level of
immune responses after the primary injection. After the
secondary injection, HBcAg gene fused with the DNA
fragment encoding the IL-1p 163-171 peptide caused
fourfold increase of HBcAg antibody compared to HBcAg

alone. However, when the IL-103 163—171 peptide was used
as an adjuvant for a protein vaccine, a much greater increase
was observed (Rao and Nayak, 1990). This discrepancy
might be well explained as follows: (i) compared with protein
vaccines, DNA vaccines induce comparatively low immune
response; (ii) there is a species-specific sequence variation
between murine and human IL-1f 163-171 peptides.

IL-1 can act as a direct B cell growth and differentiation
factor (Dinarello, 1992, 1996) to enhance antibody pro-
duction. On the other hand, the adjuvant activity of this
nonapeptide could be the result of induction of IL-2 pro-
duction and of IL-2 receptor expression on T cells. The
IL-1P 163-171 peptide as well as IL-1 have been shown to
be potent enhancers of IL-2 production in vitro (Tagliabue
and Boraschi, 1993; Nencioni et al., 1987).

A lot of work needs to be done to verify the generality of
immunostimulation effects of IL-1f3 163—171 peptide. Never-
theless, our data provided an evidence that the IL-1f8
163—-171 peptide might represent a good candidate for an
adjuvant in vivo.
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