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ARTICLE INFO ABSTRACT
Article history: Transcription, replication, and segregation of human papillomaviruses (HPVs) are regulated by various
Received 25 June 2009 host factors, but our understanding of host proteins that bind to the HPV genome is limited. Here we

Available online 16 July 2009 report the results of a search of cellular proteins that can associate with specific genomic regions of

HPV type 16 (HPV16), We found that human nucleolin, an abundant nucleolar protein, was preferentially

Keywords: . captured in vitro by an HPV16 genomic fragment from nucleotide positions (nt) 531-780. Electrophoretic
::Z‘l‘:(’)‘lill’lapm"ma""“s mobility shift assays with a bacterially expressed nucleolin revealed that nucleolin bound to an HPV16

genomic region between nt 604 and 614 in a sequence-dependent manner. Chromatin immunoprecipi-
tation analysis showed that both exogenous and endogenous nucleolin bound to a plasmid containing
the HPV16 genomic region in Hela cells, Furthermore, nucleolin associated with the HPV16 genome sta-
bly maintained in HPV16-infected W12 cells, suggesting that the nucleolin binding may be involved in

Host factor
Genome maintenance

the dynamics of the HPV genome in cells.

© 2009 Elsevier Inc, All rights reserved.

Introduction

Human papillomaviruses (HPVs), which are recognized as the
causative agents of cervical cancer, have circular double-stranded
DNA genomes with sizes close to 8 kbp [1]. HPV infects basal cells in
the epidermis and its genome is maintained as episomes, whereas
the viral genome amplification accurs in upper differentiating epithe-
lium [2]. Due to the limited coding capacity of its small genome, HPV
relies heavily on the function of host cell proteins for viral transcrip-
tion, replication and segregation |3,4]. The transcription of the HPV
genome is driven by two major promoters: in HPV type 16 (HPV16)
genome, the early promoter Py, directs early gene transcription, while
the late promoter Pg;o induces capsid expression. After initial
unwinding of the replication origin by the coordinated action of the
HPV E1 and E2 proteins, the HPV DNA replication progresses with
the use of cellular replication proteins, For viral genome maintenance,
the HPV genome is passively segregated by being tethered to host
chromosomes, then passed into nuclei of daughter cells. Because of
a lack of cell culture systems for efficient HPV propagation, molecular
mechanisms of these processes are not fully understood.
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Nucleolin is an abundant, ubiquitously expressed protein that is
found in the nucleolus, the nucleoplasm, and on the cell surface,
and is involved in regulation of ribosomal DNA (rDNA) transcrip-
tion and the maturation of pre-ribosomal RNA [5]. In addition,
nucleolin exerts several nuclear functions related to the transcrip-
tion of several genes by the RNA polymerase II {6-8], genotoxic
stress response [9], and chromosome congression in mitosis {10].

To gain new insights into how the dynamics of the HPV genome
are regulated by host factors, we searched for cellular proteins that
can bind to the two promoter regions of HPV16 using an unbiased
proteomic approach. We describe the identification and character-
ization of nucleolin as an HPV16 genome-binding protein that may
play a role in regulation of the HPV life cycle.

Materials and methods

Isolation of HPV16 genome-binding protein and its identification by
peptide mass fingerprinting. Three HPV16 DNA fragments, [ (nt
7791-120, 234 bp), Il (nt 131-360, 230 bp), and Il (nt 531-780,
250 bp), were generated by PCR using following primers: I forward,
5'biotin—TAC ATG AAC TGT GTA AAG GTT AGT CA-3'; [ reverse, 5'-
TGT GGG TCC TGA AAC ATT GCA GTT CIC TTT-3'; H forward, 5'bio-
tin—AGA AAG TTA CCA CAG TTA TGC ACA GA-3'; Il reverse, 5'-GTT
CCA TAC AAA CTA TAA CAA TAA TGT CTA-3'; 1l forward, 5'biotin—
CAA GAA CAC GTA GAG AAA CCC AGCTG-3'; Il reverse, 5'-GTG TGT
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GCT TTG TAC GCA CAA CCG-3'. The biotinylated PCR products were
purified using the Wizard SV gel and PCR clean-up system (Prome-
ga) and coupled to Dynabeads M-280 streptavidin (Dynal, Norway)
in a buffer consisting of 10 mM Tris-HCl (pH 7.5), 0.5 mM EDTA,
and 1 M NaCl. The Hela nuclear extract was prepared by Dignam’s
procedure and incubated with the HPV16 DNA-coupled magnetic
beads at 4 °C overnight. The beads were then washed three times
in a wash buffer (10 mM Hepes, pH 7.9, 200 mM NaCl, 10 mM
KCl, 1.5 mM MgCl;, 1 mM DTT, 0.1% NP-40, and 10% glycerol).
The bound proteins were released from the beads in SDS-sample
buffer by boiling for 5 min and fractionated in a 4-20% gradient
SDS-polyacrylamide gel (Daiichi Pure Chemicals, Japan), followed
by silver staining. The 95-kDa protein band bound to fragment [II
was excised from the gel and subjected to in-gel trypsin digestion.
The resultant peptide mixtures were analyzed by MALDI-QIT-TOF
MS (AXIMA-QIT, Shimazu Biotech, Japan). Mascot software (Matrix
Science) was used for protein identification.

Electrophoretic mobility shift assay (EMSA). The full-length cDNA
of human nucleolin was amplified by RT-PCR from mRNA of Hela
cells. The resultant cDNA sequence completely matched the nucle-
olin sequence in the GenBank (NM 005381). To generate an expres-
sion plasmid for glutathione S-transferase (GST) fused nucleolin,
the cDNA fragment encoding nucleolin amino acid (aa) from 289
to 710 was amplified by PCR with the full-length nucleolin cDNA
as a template, and cloned into pGEX-2TK (GE Healthcare). GST-
nucleolin and GST were expressed in Escherichia coli and purified
using a GSTrap HT column and an AKTAprime (GE Healthcare).
The EMSA was performed as described previously {11]. The DNA/
protein complex was separated on a 5% polyacrylamide gel and
visualized by autoradiography on X-ray films,

Chromatin immunoprecipitation (ChIP) assay. An expression plas-
mid for N-terminally FLAG-tagged nucleolin (FLAG-nucleolin) was
constructed by cloning the full-length ¢cDNA of nucleolin into
p3XFLAG-CMV10 (Sigma). The ChIP assay was performed as de-
scribed previously [ 11] with some modifications. Briefly, Hela cells
were transfected with pGL3-Pg70 or pGL3-Basic (Promega) together
with the FLAG-nucleolin expression plasmid or p3xFLAG-CMV10
using FUuGENE6 (Roche). At 48 h after the transfection, the cells
were fixed with 1% formaldehyde at 37 °C for 5 min, lysed and son-
icated using a Bioruptor (Cosmobio, Japan). The sonicated extract
was immunoprecipitated with specific antibodies that had been
coupled to Dynabeads M-280 sheep anti-mouse IgG (Dynal). Anti-
bodies used were anti-FLAG M2 (Sigma), anti-nucleolin (MS-3,
Santa Cruz, or 4E2, Abcam), or control mouse IgG (Santa Cruz).
After washing the beads, the immunoprecipitated DNA/protein
complexes were eluted, and reverse cross-linked. DNA was purified
and subjected to PCR for HPV16 DNA (from nt 501 to 670), 18S
rDNA, or pGL3-Basic. PCR primers were as follows: HPV16 forward,
5-CCG GTC GAT GTA TGT CIT GIT GCA GAT CAT-3'; HPV16 re-
verse, 5'-CAT CCT CCT CCT CTG AGC TGT CAT TTA ATT-3; 18S rDNA
forward, 5'-GCC TGG ATA CCG CAG CTA GGA ATA ATG G-3’; 18S
rDNA reverse, 5'-TTG ATT AAT GAA AAC ATT CIT GGC AAA TG-3';
pGL3-Basic forward, 5-AGA CCC ACG CTC ACC GGC TCC AGA-3';
pGL3-Basic reverse, 5'-ACG AGC GTG ACA CCA CGA TGC CTIG T-3'.
The amounts of the immunoprecipitated DNA were quantified by
real-time PCR analysis using a LightCycler 480 (Roche) with the
LightCycler 480 SYBR Green | Master reagent (Roche). W12 cells
were cultured in an undifferentiated state as described |12}, and
the ChIP assay was performed without plasmid transfection.

Generation of nucleolin-knockdown cells and Western blotting. The
stable nucleolin-knockdown cell line derived from Hela cells was
established by transfection of an expression plasmid for small hair-
pin RNA (shRNA) against nucleolin and subsequent selection of
cells in the presence of 10 pg/ml puromycin. The shRNA-expres-
sion plasmid was constructed by cloning the shRNA target se-
-quence for nucleolin (5'-GGA AGA CGG TGA AAT TGA T-3') [13]

into pBAsi-hU6 (Takara, Japan). For Western blot analysis, cell ex-
tracts were prepared by boiling cells in SDS-sample buffer. Protein
samples were separated on a 12% SDS-polyacrylamide gel, trans-
ferred to a nitrocellulose membrane (Schleicher & Schuell, Ger-
many), and probed with a specified primary antibody and a
peroxidase-conjugated secondary antibody. Antibodies used were
anti-nucleolin (MS-3, Santa Cruz, or 3G4B20, Active Motif), anti-
PCNA (PC10, Santa Cruz), and anti-FLAG M_2. Specific proteins were
visualized using an ECL Western blot detection system (GE
Healthcare).

Results

Identification of nucleolin as a protein binding to an HPV16 genomic
fragment

Two regions in the HPV16 genome were chosen as targets to
screen for cellular proteins that might potentially regulate tran-
scription and/or replication of HPV (I and 1l in Fig. 1A). Fragment
I (nt 7791-120) contains the regulatory sequence for the HPV16
early promoter Pg; and the replication origin, whereas fragment
1 (nt 531-780) includes the late promoter Pgyq. To find specific
binding proteins for these fragments, fragment II (nt 131-360)
was used as a control for comparison, because no particular bind-
ing proteins were assigned to this region. These DNA fragments
were generated by PCR so as to have 5'-biotin-labeled ends, cou-
pled to streptavidin-conjugated magnetic beads and then incu-
bated in a nuclear extract prepared from Hela cells. After
washing the beads, bound proteins were released and separated
by SDS-PAGE, followed by silver staining. Among many protein
bands detected, fragment Il selectively bound to a 95-kDa protein
(Fig. 1B), while no specific proteins were detected for fragment 1.
To identify the 95-kDa protein, the band was excised from the
gel, digested with trypsin, then subjected to peptide mass finger-
printing. The list of observed mass fingerprints significantly fitted
the predicted mass fingerprint of human nucleolin (p va-
lue = 0.0094). Western blot analysis with an anti-nucleolin anti-
bedy verified an enrichment of nucleolin in the bound fraction of
fragment Il (Fig. 1C),

In vitro binding of nucleolin to the HPV16 DNA

An electrophoretic mobility shift assay (EMSA) revealed that a
recombinant nucleolin bound to a site in the HPV16 genome from
nt 591 to 620. Human nucleolin from amino acid 289 to 710, which
contains four RNA-binding domains and a C-terminal glycine/argi-
nine-rich region (Fig. 2A), was expressed as a fusion protein with
GST (GST-nucleolin) in bacteria and affinity purified (Fig. 2B). This
truncated nucleolin has been shown to exhibit DNA-binding activ-
ity [6]. GST-nucleolin was examined in EMSA for its capability to
form a complex with overlapping DNA probes having the HPV16
sequences from nt 531 to 660. Among the HPV16 probes tested,
probe f generated a shifted band with GST-nucleolin (Fig. 2C).

Nucleolin has been previously reported to bind to a different
location in the HPV18 genome in vitro, and the binding site has
been assigned to the sequence 5-TTGCTTGCATAA-3' (nt 7642-
7653 in the HPV18 genome) | 14). Similarity between the HPV18
sequence and probe f was explored, and the same sequence motif,
5'-TTGCXXXCAXA-3', was found in the two sequences (Fig. 2D,
upper panel). To test whether this sequence motif was recognized
by nucleolin, base substitutions that have been shown to abolish
the nucleolin binding to the HPV18 site were introduced into
probe f. The mutations completely disrupted the GST-nucleolin
binding to the probe (Fig. 2D), demonstrating that nucleolin
bound to this motif in probe f in a sequence-dependent manner.
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Fig. 1. Isolation of cellular proteins bound to HPV16 genomic fragments. (A) Schematic for locations of three HPV16 DNA fragments (1, 1}, and 1l1) used to screen for binding
proteins to HPV16 DNA. Numbers above the fragments indicate nucleotide positions in the HPV16 genome. The positions of the early promoter (Py;), the late promater (Pg70),
the long control region (LCR), and the replication origin are presented. (B) The nuclear extract of Hela cells was incubated with magnetic beads that were coupled with the
HPV16 DNA fragments or with the beads alone. The bound fractions were recovered and resolved by SDS-PAGE, followed by silver staining. A 95-kDa band bound to fragment
11 is indicated by an asterisk. (C) Western blot analysis of the bound fractions using anti-nucleolin antibody (Santa Cruz).

GST-nucleolin bound to an HPV18 probe having the nucleolin-
binding motif (Fig. 2D), which confirmed the integrity of our
GST-nucleolin preparation. Additionally, several base substitu-
tions were introduced into the motif in probe f (Fig. 2E, upper pa-
nel). All mutated probes gave rise to a band shift more efficiently
than the original probe f (Fig. 2E), indicating that nucleolin recog-
nizes this motif but it is not an optimal sequence for nucleolin
binding.

Binding of nucleolin to the HPV16 DNA in cells

Chromatin immunoprecipitation (ChIP) analysis demonstrated
that exogenous nucleolin bound to the HPV16 DNA in cells. An
expression plasmid for FLAG-tagged nucleolin (FLAG-nucleolin)
(Fig. 3A) was constructed and used for ChiP analysis. Hela cells
were transfected with the HPV16 reporter plasmid pGL3-Pgyq,
which contains the HPV16 genomic region from nt 7003 to 868
[11], with or without the FLAG-nucleolin expression plasmid. In
the presence of FLAG-nucleolin, an anti-FLAG antibody precipi-
tated the HPV16 DNA fragment containing from nt 501 to 670
compared to the control IgG precipitate (Fig. 3B). Without FLAG-
nucleolin expression, the anti-FLAG antibody did not precipitate
the HPV16 DNA. The anti-FLAG antibody recovered an endogenous
target of nucleolin, 185 rDNA, which indicated that exogenous
FLAG-nucleolin behaved as endogenous one. The backbone plas-
mid lacking the HPV16 sequence was not precipitated with the
anti-FLAG antibody in the presence of FLAG-nucleolin (Fig. 3C),
demonstrating that the HPV16 sequence was responsible for the
FLAG-nucleolin binding in cells. Similar results were obtained with

human primary foreskin keratinocytes (data not shown), suggest-
ing that the nucleolin binding to the HPV16 DNA is not specific
to cancer cells.

Endogenous nucleolin also associated with the HPV16 DNA in
cells. When the ChIP assay was performed in Hela cells transfected
with pGL3-Pgz alone, the precipitate with an anti-nucleolin anti-
body showed an enrichment of the HPV16 DNA compared to basal
level DNA obtained with a control antibody (Fig. 3D). To further
examine binding properties of nucleolin to the HPV16 DNA in cells,
a stable Hela cell line expressing a reduced level of nucleolin was
generated using an shRNA-mediated knockdown technique. Wes-
tern blot analysis showed that the nucleolin level was reduced
by one-third in the knockdown cells relative to parental cells
(Fig. 3E). The ChIP assay revealed that the binding of nucleolin to
the transfected HPV16 DNA was weakened in the knockdown cells
compared to wild-type cells, and a similar reduction of nucleolin
binding to rDNA loci was observed (Fig. 3F), suggesting that nucle-
olin's affinity for the HPV16 DNA is comparable to that for endog-
enous rDNA loci.

The ChIP assay was further extended to another human cell line,
W12 cells, established from a cervical intraepithelial lesion and
shown to maintain up to 1000 copies of the complete HPV16 gen-
ome as episomes in cell culture [12,15]. The immunoprecipitation
with the anti-nucleolin antibody from the cross-linked chromatin
of W12 cells enriched the HPV16 genomic DNA two to threefold
compared to the control IgG precipitate, and a similar enrichment
was observed with rDNA (Fig. 4). The results suggest that endoge-
nous nucleolin is inherently bound to the HPV16 genome in the
HPV16-infected cells.
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immunoprecipitation analysis to detect binding of FLAG-nucleolin to HPV16 DNA in HeLa cells transfected with pGL3-Pg;0, which contains the HPV16 genome sequence from
nt 7003 to 868, together with the FLAG-nucleolin expression plasmid or its backbone plasmid. Cross-linked FLAG-nucleolin/DNA complexes were immunoprecipitated with
anti-FLAG antibody (lanes 2 and 4) or control mouse IgG (lanes 1 and 3), and the immunoprecipitated DNA was purified and subjected to PCR for the HPV16 DNA (nt 501-670)
or 18S rDNA. The PCR products were analyzed by 1.5% agarose gel electrophoresis with ethidium bromide stain. Part (0.3%) of the input chromatin was analyzed. (C) ChIP
analysis using Hela cells transfected with pGL3-Basic and the FLAG-nucleolin expression plasmid. ChIP was performed with anti-FLAG antibody (lane 2) or control IgG (lane
1), followed by PCR for the pGL3-Basic sequence or 185 rDNA. (D) ChIP analysis to detect binding of endogenous nucleolin to the HPV16 DNA in HeLa cells transfected with
PGL3-Pgo alone. Anti-nucleolin antibody (Santa Cruz) was used to recover DNA/nucleolin complexes. The increasing amounts of antibodies (lanes 1 and 2, 4 pg; lane 3, 8 ug;
lane 4, 16 pg) were used for ChIP. The amounts of immunoprecipitated HPV16 DNA were quantified by real-time PCR and shown as a percentage of the input HPV16 DNA in
the right panel. Results are presented as means + standard errors of two independent experiments. (E) Western blot analysis using total cell extracts from wild-type (WT) and
nucleolin-knockdown (KD) Hela cells. Twofold serially diluted extracts (lanes from 1 to 4 for WT cells; lanes from 5 to 8 for KD cells) were subjected to Western blotting with
anti-nucleolin (Active Motif) or anti-PCNA antibodies. (F) ChiP analysis using wild-type and nucleolin-knockdown Hela cells. Cross-linked nucleolin/DNA complexes from WT
(lanes 1 and 2) and KD cells (lanes 3 and 4) were immunoprecipitated with anti-nucleolin antibody (Abcam) (lanes 2 and 4) or control mouse IgG (lanes 1 and 3), and the
immunoprecipitated DNA was subjected to PCR for the HPV16 DNA (upper panel) or 18S tDNA (lower panel).

Discussion overlaps with a binding site for C/EBPp {11], which suggests func-
tional competition between C/EBP and nucleolin for Pgyo regula-

Here we report the preferential binding of nucleolin to the tion, However, contrary to the previous report showing an
HPV16 genomic region from nt 531 to 780. This genomic region enhancing effect of nucleolin on the HPV18 early promoter [14],
is a “hot spot” for interactions with many cellular transcription fac- neither expression of FLAG-nucleolin nor knockdown of endoge-
tors that regulate the late promoter Pgy0. CCAAT displacement pro- nous nucleolin by RNAi in HeLa cells had obvious effects on the
tein (CDP) and YY1 associate with this region to suppress the basal Ps7o activity in a transient reporter assay (Sato et al., unpublished
transcription from Pgyo [16-18}, whereas multiple bindings of observation), questioning nucleolin's role in the HPV transcription.
hSkn-1a and CCAAT/enhancer-binding protein p (C/EBPB) to the Since nucleolin associated with the HPV16 genome in W12
same region relieved the repression by CDP and YY1, leading to cells, the nucleolin binding to the HPV16 genome likely occurs in
activation of Pg7o [11,19]. Nucleolin bound to the HPV16 genomic the context of natural infection. With regard to maintenance of
region from nt 591 to 620 and recognized the sequence motif the viral genome, it is worth noting that a plasmid containing an
5'-TTGCXXXCAXA-3' from nt 604 to 614. This sequence partially HPV16 genomic fragment from the E6 to E7 region can be stably
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maintained in human cells in the absence of the viral E1 and E2
proteins [20]. This finding indicates a genome maintenance mode
that is completely dependent on host proteins (independent of vi-
rally encoded proteins). Given that the nucleolin-binding site lo-
cated from nt 604 to 614 lies in the E7 region, nucleolin may
facilitate E1/E2-independent maintenance of the HPV genome. De-
tailed analysis of subcellular localization of nucleolin has demon-
strated that nucleolin becomes localized at the chromosome
periphery during mitosis in Hela cells [10]. Thus, nucleolin might
be involved in tethering the HPV genome to host chromosomes,
which prevents the HPV genome from diffusing into cytoplasm
during mitosis.

Lastly, nucleolin has been reported to play roles in the life cycle
of other human viruses. Nucleolin interacts with nonstructural
protein 5B of hepatitis C virus (HCV) and this interaction seems
to be required for efficient replication of HCV |13]. Nucleolin local-
izes to the viral replication compartments of herpes simplex virus
type 1 (HSV-1) in the nucleus during productive infection and the
knockdown of nucleolin by RNAI inhibits HSV-1 replication [21).
Thus, it will be of particular interest to investigate the exact func-
tion of nucleolin in the HPV life cycle in future studies.
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We evaluated the priming effect of an HSN1 pandemic vaccine in a mouse model to investigate strategies
for influenza pandemic vaccination. For priming, an alum-adjuvanted inactivated whole H5N1 vaccine
(NIBRG-14, clade 1) was used. As booster vaccines, several formulations of Indo05/05/2005(H5N1)PR8-

28 November 2008 200 IBCDC-RG2 vaccines (clades 2-1) were evaluated, including split, whole, alum-adjuvanted split, and alum-
Accepted 5 January 2009 adjuvanted whole vaccines.

p ™ Any type of booster vaccination elicited a significant HI antibody response despite the difference in
l:ﬁ:r:za‘ antigenicity between the priming and booster vaccines, The split vaccine elicited a much stronger booster
Pandemic response than the alum-adjuvanted whole vaccine. When the mice were primed with the HINT or H3N2

vaccines, this did not affect the booster response to the H5N1 vaccine. These results indicated that an
alum-adjuvanted whole vaccine is able to confer immunological memory to haemagglutinin even if the
primed and boosted vaccine strains are in different clades and, once vaccinated, a split vaccine is preferred

Prime-boost vaccination

to evoke recall responses.

© 2009 Elsevier Ltd. All rights reserved.

1. Introduction

Since December 2003, an unprecedented epizootic and highly
pathogenic avian influenza A (H5N1) virus has affected poultry and
wild birds in more than 60 countries in 3 continents [1]. In addi-
tion, there have been 387 confirmed human cases of H5N1 virus
infection and its fatality rate is approximately 63% (September 10th,
2008) {2]. Although very few cases of human-to-human transmis-
sion have been reported so far [3-5], a research group reported
statistical evidence of such transmission in Sumatra [6]. Consid-
ering the risk of large scale human-to-human transmission of the
HS5N1 virus, such as occurred during the 1918 influenza pandemic,
it is essential to develop vaccines that could control a possible
pandemic. Under these circumstances, the pandemic influenza pre-
paredness action plan of Japan stipulates that, when the Minister
of Health, Labour and Welfare declares a phase 4 state, health care
workers and public servants may be vaccinated with the stockpile
of prototype vaccines as an emergency measure {7]. This means that
the stockpiled vaccines will be used as priming vaccines with the
hope of achieving cross protection against the pandemic virus and
a cross-priming effect when the pandemic vaccine is administered
as a booster. Under this action plan, alum-adjuvanted inactivated
whole vaccines have been developed in Japan.
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Previous investigations have revealed a priming effect before
booster injection of homologous strains in clinical trials of the
MF59-adjuvanted vaccine [8] and the subunit vaccine [9]. Another
clinical trial has also shown a priming effect against a different
strain of H5N1, with the priming effect of AJHK/156/97 (H5N1,
clade 0) recombinant haemagglutinin vaccine [10]. However, we
do not know how an alum-adjuvanted vaccine will be able to act
as a primer for booster vaccines with different immunogenici-
ties.

In Japan, the alum-adjuvanted whole vaccine was rationally
selected to improve immunogenicity since whole vaccines are gen-
erally more immunogenic than split vaccines and aluminum salt,
the only licensed adjuvant with a widely accepted safety profile,
was expected to reduce antigen dosage, expanding vaccine supply
in pandemic. The alum-adjuvanted whole vaccine seems appropri-
ate for a priming vaccine because it enhances cross-reactivity to
various H5N1 viruses [11]. In general, split vaccines are less reac-
togenic than whole vaccines and whole virus vaccines are more
immunogenic than split vaccines in naive vaccines [12-15]. On the
other hand, primed vaccinees show no difference of their response
to whole and split vaccines [ 12-15]. Therefore, a split vaccine may
be an appropriate booster vaccine if an adequate immune response
can be elicited.

In this study, we evaluated several prime-boost regimens using
vaccines with different antigenicities because we assumed that
administration of a priming pandemic vaccine would be followed
by a booster pandemic vaccine. We also evaluated the influence of



