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Abstract

Background—Adenovirus type 5 (Ad5) is widely used as a vehicle for vaccine delivery in the
treatment of infectious disease and cancer. However, the efficacy of Ad5 vectors has been limited
in humans because exposure to Ad5 infections results in most adults having neutralizing
antibodies against Ad5. To overcome this limitation, the hexon epitope present in the fifth
hypervariable region of Ad5 was modified.

Methods—To evaluate the ability of Ad5 vectors encoding the HIV env protein to induce Ag-
specific immune responses in the face of pre-existing anti-Ad5 immunity, mice were administrated
intramuscularly with the Ad-Luc vector, and then vaccinated with parental or hexon-modified Ad5
vectors (Ad-HisHIV, Ad-END/AAAHIV or Ad-HIV) at week 8. HIV-specific cell-mediated
immune responses were detected through a combination of tetramer assays and intracellular
cytokine staining from weeks 8-23.

Results—The hexon-modified Ad vector was able to escape from anti-Ad5 neutralizing antibody,
and mice with the modified vector generated significantly lower individual neutralizing antibody
than those immunized with the parental vector. Furthermore, mice with pre-existing anti-Ad
immunity immunized with the modified vector generated significantly stronger cell-mediated anti-
env responses than those immunized with the parental vector.

Conclusions—These data demonstrate that Ad5 vector with hexon modification reduce their

sensitivity to pre-existing anti-Ad immunity and improve their clinical utility.
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Introduction

HIV infection continues to increase worldwide, emphasizing the importance of developing
an effective vaccine against this retrovirus. Many strategies are being pursued to achieve this
goal, including the production of HIV subunit peptide vaccines [1], DNA vaccines [2],
recombinant virus-vector vaccines (vaccinia virus [3], adenovirus (Ad) [4,5], rabies virus
[6], flavivirus [7], Sendai virus [8], Venezuelan equine encephalitis virus [9] and adeno-
associated virus [10-12]), and bacterial vector vaccines [13-15]. Many of these strategies
show promising results in animal models.

For example, studies indicate that Ad5-based vaccines can be very effective immunogens,
since many cells express the Coxsackievirus and Ad receptors recognized as targets by these
vectors [16]. In addition, the efficacy and safety of Ad5 based vaccines have been
established in clinical trials involving patients with HIV [5,17] and cancer [18,19]. Despite
their promise, several issues must be resolved to enable the widespread use of Ad5-based
vaccines. In particular, pre-existing immunity against Ad5 is present in 50-90% of normal
human adults [20], and these neutralizing antibodies reduce vaccine efficacy. Only by
studying animals in which immunity against Ad5 has been induced can the effect of such a
response be adequately modelled.

The Ad5 mainly contains three structural proteins, hexon, penton and fiber. The hexon
protein is the most abundant of these, with each Ad5 containing 240 copies of the trimeric
hexon molecule (accounting for 63% of the total protein mass [21]). Antibodies against the
hexon protein dominate the neutralizing response elicited when humans are infected by Ad
[22-26]. The hexon protein is composed of seven short hypervariable regions (HVRS), each
of which can elicit a serotype-specific immune response [27,28]. Efforts to alter the hexon
protein of Ad5 vectors (i.e. to circumvent the problems raised by pre-existing immunity)
have been complicated because hexon proteins interact extensively with other capsid
proteins. These interactions are critical to hexon and capsid stability, thereby reducing the
type and nature of mutational changes that can be introduced. For example, chimeric viruses
in which the entire Ad5 hexon was replaced with those from Ad1, Ad2, Ad6 or Ad12
[22,29] yielded vectors that were structurally unstable, thereby decreasing viral yield [30].

The present study examined the impact of modifying the major neutralizing epitope present
in HVR5 on the immunogenicity of an Ad5 vector expressing the HIV env gene in a relevant
murine model of pre-existing anti-Ad immunity.

Materials and methods

Recombinant vectors

The pAdHM4 plasmid which contains the full-length Ad5 genome with an E1/E3 region
deletion (Figure 1, upper panel) was used to construct the control replication-deficient Ad5
vectors [31]. A 5.2-kbp fragment containing a CAG promoter-HIV111Brev/gp160-poly(A)
[32] or cytomegalovirus (CMV) promoter-luciferase gene-poly(A) was subcloned into the
E1 region of the pAdHM4 plasmid at the I-Ceud/PI-Scel site to produce an HIV env gene-
expressing Ad5 (Ad-HIV) or luciferase-expressing Ad5 (Ad-Luc), respectively. To construct
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the HVR5-modified Ad5 vector, the pAdHM®62 plasmid (Figure 1, bottom panel) containing
the full-length Ad5 genome with E1/E3 and hexon HVR5 deletions was used [33].
pAdHMG62 con-tains a unique Xbal site in the hexon HVR5-coding region and I-Ceul/PI-
Scel sites in the E1 deletion region. Oligonucleotides and an Xbal linker were used to
synthesize the following fragments: HIV-V3 (RGPGRAFVTI), HIV-V3s
(LGSRGPGRAFVTILGS), histidine acid residues (SSLGSHHHHHHLGSPR) and
END/AAA (TTAATAGAGANLAP). The fragments were inserted into the Xbal site of the
hexon region, and the CAG promoter-HIVIIIB rev/gp160-poly(A) cassette, CMV
promotoer-luciferase-poly(A) or CAG promoter-green fluorescent protein (GFP)-poly(A)
cassette was inserted into the I-Ceul/PI-Scel sites of pAdHMG62 to generate the
corresponding Ad-producing plasmids. These plasmids were transfected into low-passage
human embryonic kidney (HEK293) cells (Micro-bix Biosystems, Inc., Toronto, Ontario,
Canada) by using FUGENE 6 Transfection Reagent (Roche Diagnostics, Indianapolis, IN,
USA). The recombinant viruses thus produced were propagated in HEK293 cells and
purified twice over a CsCl gradient as previously described [34]. The viral titer was
measured on the basis of the optical density at 260 nm (ODygp) using formula: 1 ODygq =
1012 virus particles (vp)/ml [35]. In addition, the number of viral plaque-forming units (pfu)
was determined using tissue culture infectious doses (TCIDsg).

Western blotting

The human embryonic kidney cell line (HEK293) and human lung carcinoma cell line
(A549) were used for western blotting. Replication-deficient Ad vectors were able to
replicate in HEK293 but not A549 cells. The HEK293 and A549 cells were infected with
Ads at 0.01 and 5 pfu/cell, respectively, for 24 h. The cells were washed in phosphate-
buffered saline (PBS) and lysed with 0.1 M Tris-HCI (pH 7.8) and 0.125%Nonidet P-40.
The cell lysates were mixed with an equal volume of 2 x sodium dodecyl sulfate (SDS)
buffer (125 mM Tris-HCI at pH 6.8, 4% SDS, 20% glycerol, 0.01% bromophenol blue, and
10% p-mercaptoethanol) and boiled for 10 min. The cell lysates were then loaded on an 8%
polyacrylamide gel and transferred to a Hybond ECL nitrocellulose membrane (Amersham
Pharmacia Biotech, Bucks, UK). The HIV gp160, Ad hexon and cellular g-actin proteins
were detected using a mouse anti-HIV gp120 monoclonal antibody (mAb)(Hybridoma 902;
AIDS Research and Reference Reagent Program, National Institute of Health, Bethesda,
MD, USA), polyclonal mouse anti-Ad5, and rabbit anti-human S-actin mAb (Sigma, St
Louis, MO, USA), respectively. Affinity-purified horseradish peroxidase (HRP)-labelled
anti-mouse immunoglobulin (Ig)G (ICN Pharmaceuticals, Inc., OH, USA) or HRP-labelled
anti-rabbit IgG (ICN Pharmaceuticals, Inc.) were used as the secondary antibody. The
protein intensity was detected using the ECL Plus Western Blotting Detection System
(Amersham Pharmacia Biotech).

Analysis of Ad vector genome with restriction

HEK293 cells at 90% confluency in a 24-well plate were infected with Ad vectors at 0.001
pfu per cell for 48 h. The cells were harvested and washed twice with PBS, then treated with
40 pg of proteinase K (Qiagen GmbH, Hilden, Germany), 50 mM of Tris-HCI (pH 7.5), 10
mM of EDTA (pH 7.5), and 100 mM of NaCl for 1.5 h at 50 °C, followed by phenol/
chloroform extraction. Total sample was suspended in TE containing 20 pg/ml of RNase and
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digested with X#ol. The sample was extracted with phenol/chloroform again followed by
0.7% agarose gel electrophoresis.

Virus stability

Ad viral vectors were passaged in HEK293 cells for 15 generations (0.01 pfu per cell). Two
days after infection, the HEK293 cells from each generation were washed in PBS and lysed
with 0.1 M Tris-HCI (pH 7.8) and 0.125% Nonidet P-40, followed by phenol/chloroform
extraction. The HIV gp160 region was amplified from DNA using the primer pair: sense 5’-
GTGGAGGGGAATTTTTC-3, antisense 5'-ATAGTGCTTCCTGCTGCT-3” to obtain a
700-bp fragment. The polymerase chain reaction (PCR) product was analysed by 1%
agarose gel.

Animal immunization

Female BALB/c mice (aged 6-8 weeks; H-2D%) were purchased from Japan SLC, Inc.
(Shizuoka, Shizuoka-ken, Japan). The mice were injected intramuscularly (i.m.) with 5 x
108 pfu of Ad-Luc to induce anti-Ad neutralizing antibodies. The mice were immunized i.m.
with 108 pfu of Ad-HIV, Ad-HisHIV or Ad-END/AAAHIV at week 8 after the initial Ad-
Luc injection. The study was approved by the Animal Administer Community of Yokohama
City University.

Enzyme-linked immunosorbent assay

The serum anti-Ad5 or HIV env antibody titer were determined by enzyme-linked
immunosorbent assay (ELISA). Briefly, 96-well plates (Nunc, Roskilde, Denmark) were
coated with 100 pl of 1 pg/ml heat-inactivated wild-type Ad5 virus protein or 10 pg/ml HIV
env V3 region epitope peptide (NNTRKRIRQRGPGRAFVTIGKIGN) overnight at 4 °C.
The wells were then blocked for 2 h at 37 °C with PBS containing 1% bovine serum
albumin and 0.05% Tween-20. After washing three times with 0.05% Tween-20-PBS,
diluted mouse serum was applied, and the plates were incubated for 2 h at 37 °C. The plate
was washed three times with PBS containing 0.05% Tween-20 and incu-bated witha 1 :
2000 dilution of peroxidase-conjugated rabbit anti-mouse antibody for 2 h at 37 °C. The
anti-bodies were washed again three times and Ad5 or HIV env-specific antibodies were
detected by adding a sub-strate solution (OPT tablet in 0.1 M citric acid, pH 5.6; 1 ul/ml
30% H,05). The substrate reaction was termi-nated by adding 1 M H,SO,, and The
absorbance was determined at 450 nm by using microplate reader (Bio-Rad, Hercules, CA,
USA).

Neutralization assay

Neutralization assay was performed using a luciferase-based assay [36]. In brief, 5 x 10° pfu
of Ad-Luc virus, Ad-HisLuc virus or Ad-END/AAALuc virus was incubated with an equal
volume of series diluted serum from the mice administered with 5 x 108 pfu of Ad-Luc, Ad-
HisLuc or Ad-END/AAA post 8 weeks or PBS at 37 °C for 2 h. Subsequently, the mixture
was incubated with 10 A549 human lung carcinoma cells/well (50 pfu per cell) in a 96-well
plate at 37 °C for 24 h. The luciferase activity of the cells was measured with a Bright-Glo
Luciferase Reagent System (Promega, Madison, WI, USA). Percentage of neutralization was
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calculated using the formula: (luciferase activity of PBS incubated with Ad-Luc — luciferase
activity of immune sera incubated with Ad-Luc)/luciferase activity of PBS incubated with
Ad-Luc x 100. Neutralizing activity by each vectors were compared at the serum dilution
fold with the greatest significant difference (320-fold serum dilution).

Tetramer assay

Intercellular

The H-2DYP 18 tetramer (RGPGRAFVTI) was synthesized by the NIH Tetramer Core
Facility (Atlanta, GA, USA) and labelled with phycoerythrin (PE) [11,37,38]. In brief, 100
ul of heparin-preserved whole mouse blood was stained with 0.5 pg fluorescein
isothiocyanate (FITC)-conjugated anti-mouse CD8 antibody and 0.05 ug of tetramer reagent
at room temperature for 30 min. The cells were fixed with 100 pl of OptiLyse B-Lysing
solution (Beckman Coulter, Marseille Cedex, France) for 10 min. Erythrocytes were lysed
by adding 1 ml of H,O for 10 min at room temperature, and then washing twice with PBS.
The samples were analysed by fluorescence-activated cell sorting.

cytokine staining assay

Interferon (IFN)-y secreting CD8* T cells were detected as recommended (Cytofix/
CytoPerm Plus kit; Pharmingen, San Diego, CA, USA). In brief, erythrocytes in 200 ul of
heparin-preserved whole mouse blood were lysed with BD Pharm Lyse Lysing buffer (BD
Biosciences, San Diego, CA, USA). The cells were maintained in RPMI-1640 medium
supplemented with 10% fetal calf serum (FCS) and 10 pg/ml of HIV V3 peptide
(RGPGRAFVTI) for 24 h at 37 °C. Two hours before the end of incubation, 1 pg/ml of
GolgiPlug was added. The cells were washed with staining buffer (3% FCS and 0.1%
sodium azide in PBS), stained with PE-conjugated anti-mouse CD8 antibody at 4 °C for 30
min, followed by fixing in Cytofix/Cytoperm solution at 4 °C for 20 min and finally washed
with Perm/Wash solution. Next, the cells were stained with FITC-conjugated anti-mouse
IFN-y antibody at 4 °C for 30 min, and then subjected to flow cytometric analysis. PBS
injected mouse peripheral blood mononuclear cells were used as a control.

Challenge study with recombinant vaccinia virus

Virus challenge experiments were performed as previously described [32]. Vaccinated mice
were challenged intraperitoneally with 108 pfu of the recombinant vaccinia virus vPE16
(provided by the AIDS Research and Reference Reagent Program; NIH, Rockville, MD,
USA) expressing HIV-1 gp160 and B-galactosidase [32]. Three days after challenge, the
mice were killed, and their total ovaries were sonicated. The amount of VPE16 virus in the
ovaries was determined by incubating ten-fold serial dilutions in 96-well plates containing
CV1 cells. Infected cells were detected by staining with crystal violet and plaques were
counted at each dilution. As an alternative method, B-galactosidase expression levels were
monitored using the Beta-Glo Assay System (Promega). We calculated vPE16 titer (pfu) and
f-galactosidase activity in the total ovary.
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Viability and stability of hexon-modified Ad vectors

Several hexon HVR5 region modified Ad vectors were prepared that expressed either the
env gene of HIV or a reporter gene in the E1 region (Figure 1 and Table 1). The infectivity,
protein expression, and replication of these Vectors were analysed /n vitro.HEK293 and
Ab549 cell lines were infected with either the parental or hexon-modified Ad vectors. As
shown in Figure 2A, similar amounts of hexon protein and HIV gp160 were produced after
infection with parental (Ad-HIV) and hexon-modified Ad vectors, indicating that the
infection and replication abilities of both vector preparations was similar.

To explore the stability of the Ad genome and their ability to express the encoded gene
product, the Ad-HIV, Ad-HisHIV and Ad-END/AAAHIV vectors were passaged in
HEK?293 cells for 15 generations. Ad genome was stabled in each passage (Figure 2B).
Persistence of the HIV gene was detected after each passage, indicating that the HIV gene
was not lost during the replication and that the hexon-modified virions were stable (Figure
2C).

Comparison of the neutralizing activity against Ad5 or individual vector by the modified-

Ad vector

To evaluate the neutralizing activity of sera by modified-Ad vector, mice were administrated
i.m. with the Ad-Luc, Ad-HisLuc or Ad-END/AAAL.uc vector, and neutralizing activity
against Ad5 was measured from 0-8 weeks (Figure 3A, left panel). The Ad-HisLuc vector
generated the lowest Ad5-specific neutralizing activity, which was significantly lower than
that generated by Ad-Luc at weeks 6 and 8 (p < 0.01), and by Ad-END/AAAL.uc vector at
week 8 (p < 0.05). The neutralizing activity elicited by the modified Ad vectors against their
individual vector was monitored using 8-week sera post vector-administration (Figure 3A,
right panel). The individual neutralizing activity of Ad-HisLuc immunized mice was
significantly lower than that of Ad-Luc immunized mice (p< 0.01).

Developing mice with pre-existing immunity to Ad5

To prepare mice with pre-existing anti-Ad5 antibodies, the Ad-Luc vector was injected i.m.
into mice. Administration of Ad-Luc induced anti-Ad5 antibody (Figure 3A, left panel). To
explore the neutralizing ability of the anti-Ad5 antibodies to Ad vectors /n vitro, we
performed a neutralizing assay using the pooled sera in A549 cells. As shown in Figure 3B
(right panel), the neutralizing ability of the anti-Ad5 antibodies to Ad-HisLuc was
significantly lower than that to Ad-Luc and Ad-END/AAALuc by 320-fold serum dilution.
These results demonstrate that Ad-HisLuc can partially escape neutralization of anti-Ad5
antibody.

Comparison of the adaptive immune response induced by various Ad5 vectors

To evaluate the ability of Ad5 vectors encoding the HIV env protein to induce Ag-specific
immune responses in the face of pre-existing anti-Ad5 immunity, mice were administrated
i.m. with the Ad-Luc vector and measured anti-Ad5 antibody titer (Figure 3B), and then
vaccinated with parental or hexon-modified Ad5 vectors (Ad-HisHIV, Ad-END/AAAHIV or
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Ad-HIV) at week 8. There was no significant difference of anti-Ad5 antibody titer between
each group (Ad-HisHIV, Ad-END/AAAHIV and Ad-HIV) at week 8 (data not shown). HIV-
specific cell-mediated immune responses were detected through a combination of tetramer
assays and intracellular cytokine staining (ICCS) from weeks 8-23. Administration of the
Ad-HIV, Ad-HisHIV and Ad-END/AAAHIV vectors stimulated similar numbers of tetramer
specific CD8 T cells in control mice (animals without pre-existing anti-Ad immunity, Figure
4A, left panel; p> 0.05 among the groups immunized with Ad-HisHIV, Ad-END/AAAHIV
and Ad-HIV from weeks 8-23). The peak response was observed 2 weeks after
immunization, and gradually decreased.

By contrast, the magnitude of the tetramer response elicited by these vectors varied
markedly in mice with pre-existing immunity to Ad5 (Figure 4A, right panel). The maximal
frequency of HIV-specific CD8 T cells induced by Ad-HisHIV was significantly greater than
that induced by Ad-END/AAAHIV at weeks 9, 11 and 15 (p < 0.05), which was greater than
that elicited by the conventional Ad-HIV vector at weeks 9, 11, 15 and 19 (p < 0.05). The
magnitude and duration of the CD8 T cell response induced by the Ad-HisHIV vector was
similar in mice with or without pre-existing immunity, but was significantly diminished in
animals previously exposed to Ad5 immunized with the other vectors (Figure 4A). The same
response pattern was observed in measurements of HIV-specific IFN-y secreting CD8 T
cells (Figure 4B). The Ad-HisHIV vector induced strong responses in mice unrelated to
previous Ad5 exposure, whereas significantly weaker and shorter responses were induced
when the other vectors were administered to mice with pre-existing immunity. These results
indicate that a hexon-modified Ad5 vector can escape the neutralizing immune response
induced by prior exposure to native Ad5.

The production of env-specific antibodies was monitored in vaccinated mice. The 1gG anti-
env response of control mice increased after each vaccination, and achieved similar
magnitudes with each Ad5 vector (Figure 4C, left panel). By contrast, only the Ad-HisHIV
vector elicited a strong 1gG anti-env response in mice with pre-existing anti-Ad5 immunity
(Ad-HisHIV versus Ad-END/AAA and Ad-HIV, p < 0.05 from weeks 11-23). Significantly
lower initial antibody responses were observed when mice with pre-existing immunity were
vaccinated with either the Ad-HIV or Ad-END/AAA vectors (non-significant difference
between the two groups at all time points, p> 0.05), which were significantly higher than
PBS-administered group at weeks 11, 15, 19 and 23. The response to administration of these
vectors was also blunted (Figure 4C, right panel).

Comparison of the protective immunity induced by various Ad5 vectors

To determine whether the differences in adaptive immune responses observed above
correlated with differences in protective immunity, mice with pre-existing Ad antibodies
were vaccinated with each env-expressing vector and challenged 15 weeks after the final
immunization with an HIV env and B-galactosidase expressing vaccinia virus [32]. The viral
load of Ad-HisHIV immunized mice was >100-fold lower than that of unimmunized mice (p
< 0.01, Figure 5). By comparison, the viral loads of mice immunized with the Ad-HIV or
Ad-END/AAAHIV vectors were not significantly lower than those of control mice.
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Discussion

The present study examined the effect of modifying the HVRS5 region of the Ad5 hexon on
the vector’s ability to avoid neutralization by pre-existing anti-Ad5 immunity. Initial studies
established that the hexon-modified Ad vector was stable and could replicate normally in
HEK293 cells as well as their parental Ad vector. The hexon-modified Ad vector was able to
escape from anti-Ad5 neutralizing antibody, and mice with the modified vector generated
significantly lower individual neutralizing antibody than those immunized with the parental
vector. Importantly, this vector induced significantly stronger T and B cell responses in mice
with pre-existing anti-Ad immunity than did the parental vector.

Research on Ad5-based vaccines targeting HIV and other pathogens has advanced to the
stage of large-scale clinical trials [39]. Further development is hampered by evidence that
most adults have been exposed to the naturally-circulating strain of this cold virus, and thus
mount a strong anti-Ad immune response that can compromise the efficacy of conventional
Ad5 vectors [40-42]. The antibody response against Ad5 can be directed against all
elements of the capsid, including the fiber, penton base and hexon proteins [25,43].
However, the dominant neutralizing antibody typically target the hexon [20], which contains
seven hypervariable regions. HVRS5 is situated in the outer layer of the viral capsid, and is a
major target of the neutralizing antibody response that is naturally elicited in humans
infected by this cold virus [27,44].

The hexon protein interacts with many other capsid proteins. Thus, the magnitude and nature
of changes that the hexon protein can tolerate while remaining structurally and functionally
active may be limited. To evade the pre-existing immunity against Ad5 found in a majority
of adult humans, the Ad5 hexon has been replaced with hexons from Ad1, Ad2, Ad6 and
Ad12 [22,23,29,45]. In the present study, several control epitopes (10-16 amino acid
residues) were inserted into HVR5. Compared to the parental vector, the stability of these
hexon-modified vectors was not impaired (Figure 2A). However, a 24-amino acid residue of
the B cell-epitope inserted in the HRV5 region resulted in a failure to rescue the virus (data
not shown). While, the virus can be harvested when the short B cell-epitope (16-amino acid
residues) was inserted in the HRV5 region. These results are contrast with those obtained by
McConnell et al. [46], who introduced a 36-amino acid insert into the HRV5 region and
found that the Ad virion still can be available. These differences may reflect their use of very
long inserts or inserts encoding sequences that alter the secondary structure within the hexon
core, thereby affecting hexon folding and virus stability.

The present studies were conducted using vectors in which the HVR5 of Ad5 was replaced
with His6 (Ad-His) or modified by three point mutations (Ad-END/AAA). First, to evaluate
the usefulness of modified Ad5 vector, we measured the neutralizing activity of sera by a
modified-Ad vector. Ad-HisLuc vector elicited the lowest Ad5-specific neutralizing activity,
which was significantly lower than that elicited by Ad-Luc and Ad-END/AAA, and the
elicited individual neutralizing antibody was lower than parental Ad vector (Figure 3A).
These results indicated that Ad-His vector generated much low anti-vector antibody. Further,
experiments are required using human sera containing high anti-wild type Ad neutralizing
antibody. Second, a mouse model in which immunity against Ad5 was induced by pre-
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immunization with a different construct was used to assess whether these modified vectors
retained their immunogenicity despite the presence of anti-Ad>5 antibodies. Significantly
stronger cellular immune responses were induced by vaccinating these mice with Ad-
HisHIV versus the parental Ad-HIV vector (Figure 4). The Ad-END/AAA vector also
induced a stronger response than the unmodified vector, although this response was
significantly lower than that elicited by Ad-HisHIV. This finding suggests that a major
change in the immunogenic epitope present in HVRS5 is required to avoid pre-existing
neutralizing antibodies, and that such a change was more completely achieved by the Ad-
HisHIV than by Ad-END/AAA vector. On the other hand, this finding suggests that not only
the LGS-HHHHHH-LGS sequence, but also other peptides (but not all) can serve a similar
function because we found that when the HVR5 was replaced with a B-cell epitope, a higher
magnitude of humoral immunity against the B-cell epitope and very low levels of cell-
mediated immunity against transgene were elicited [47]. In a challenge study with
recombinant vaccinia virus, the viral load of Ad-HisHIV immunized mice was significantly
lower than other Ad vectors (10° pfu in Ad-HisHIV immunized mice versus 107 pfu in Ad-
HIV immunized mice) in the mouse model (Figure 5). However, the model using vaccinia
virus VPE16 challenge does not comprise a perfect animal model. The real protective
efficacy of the vaccine should be confirmed in a monkey model employing a SIVmac239
virus challenge. These results suggest that the Ad-HisHIV vaccine can escape from
neutralizing antibodies, even in mice with pre-existing neutralizing antibodies against the
vector, and, thus, it has high HIV-specific immunogenicity.

A recent large-scale clinical study involving an Ad5-vectored HIV vaccine was suspended
because vaccination did not reduce the incidence of the HIV-infection or HIV viral load after
infection compared to control group [39]. That vaccine contained three different Ad5 vectors
each expressing the HIV gag, pol or nef gene, and the trial participants received three
injections of the three vectors. To explore whether a boost from a homological vector can
enhance transgene-specific immune responses, Ad-Luc pre-administrated mice were primed
with parental or hexon-modified Ad5 (Ad-HisHIV, Ad-END/AAAHIV or Ad-HIV) at week
8, and boosted at weeks 10 and 14 (data not shown). We found that the first boost slightly
increased cell-mediated immune responses detected by both tetramer assay and ICCS, but
not the second boost (data not shown). A recent study using Ad26 vector prime and an Ad5
vector boost regimen generated better protective immunity than a single vector prime/boost
[48]. On the other hand, we found that priming/boosting with different vectors elicited a
higher immune response than that with homological vector [49]. These results demonstrate
that multiple vaccination with a homological vector may not be an ideal regimen, even when
using hexon-modified Ad5 vector.

Previous studies suggest that introducing peptides with spacers into the hexon region may
further improve vector immunogenicity [33,44]. To examine this possibility, the
immunogenicity of two hexon-modified Ad vectors containing GFP with (Ad-V3sGFP) or
without (Ad-V3GFP) a spacer was compared in a mouse model. The Ad-V3sGFP vector
induced significantly stronger cell-mediated responses than Ad-V3GFP (data not shown).
This finding suggests that spacer inclusion impacts on epitope presentation. The magnitude
of the cell-mediated immune response against the V3 epitope located in the hexon was
considerably lower than the response against the rev/env gene located in the E1 region (data
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not shown). This result may be attributable to the HIV gene in the E1 region being driven by
a strong promoter, resulting in each virion containing a large copy number of the HIV gene.

In summary, the present study describes a novel Ad-based HIV vaccine containing an HVR5
region modification. The B and T cell responses induced by this vector in normal mice were
equivalent to that of the parental vector. By evading the neutralizing effects of antibodies
directed against the hexon protein, the immunogenicity of this novel vector far exceeded that
of the parental vector in mice with pre-existing immunity to Ad. These results suggest that
hexon-modified Ad5 vectors represent a promising strategy for further development of Ad-
based vaccines for use in humans.
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Figure 1.
Schematic representation of Ad vectors. The plasmid pAdHM4 contains the full-length of

the Ad5 genome with an E1/E3 deletion. Plasmid pAdHM®62 was derived from plasmid
pAdHM4 and the HVR5 of hexon was replaced with a unit restriction enzyme site, Xbal
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Figure 2.
Analysis of virus expression and stability. (A) HEK293 cells (0.01 pfu per cell) and A549

cells (5 pfu per cell) were infected with Ad vectors for 24 h, and the expression of HIV env
gp160 protein and hexon protein was detected using western blotting. (B) The total DNA
sample from Ad-infected HEK293 cells was digested with X#ol, subjected to 0.7% agarose
gel electrophoresis. (C) The transgene stability of the Ad vectors through 15 serial passages.
PCR reactions were performed in crude lysates from passages 1-15, and the resulting
products analysed using 1% agarose gel electrophoresis
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Figure 3.
Anti-Ad antibody titer and neutralizing assay. (A) Mice (eight per group) were immunized

i.m. with 5 x 108 pfu of Ad-Luc, Ad-HisLuc, Ad-END/AAALuc or PBS. Ad5-specific
serum antibody levels were measured by a neutralizing assay in A549 cells (left panel). The
serum neutralizing activity against their individual vectors was measured by a neutralizing
assay in Ab49 cells (right panel). Neutralizing activity by each vectors were compared at
320-fold serum dilution. (B) Mice (eight per group) were immunized i.m. with 5 x 108 pfu
of Ad-Luc or PBS. Eight weeks later, Ad-specific serum antibody levels were measured by
ELISA (left panel). The neutralizing activity against Ad vectors of sera derived from Ad-
Luc-treated mice at week 8 was measured by a neutralizing assay in A549 cells (right panel)
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Figure 4.
HIV-specific cell-mediated immunity induced by a single vaccination. All studies were

conducted in eight mice per group without (left panel) or with (right panel) pre-existing anti-
Ad5 neutralizing antibodies (induced by vaccination 8 weeks earlier with 5 x 108 pfu of Ad-
Luc). HIV-specific cell-mediated immunity after a single vaccination was measured (A)
using a tetramer binding assay and (B) using an ICCS assay. (C) HIV-specific IgG serum
antibody levels were measured by ELISA
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p < (.01

Challenge with recombinant vaccinia virus. Protection against challenge with HIV gp160-
expressing vaccinia virus (VPE16) was examined 15 weeks after the immunization. Three
days after challenge, vaccinia virus titers were examined in mouse ovaries using a plaque

assay (left panel) or S-galactosidase assay (right panel)

J Gene Med. Author manuscript; available in PMC 2020 July 28.



Page 18

Abe et al.

"(0S@101 Aq painseaw ‘nyd) snun Buiwaioy anbejd pue (09¢go Aq painseaw ‘da) sajoned [elIA se passaldxa sem Jalll [ediA ay L apndad papasul syl 10y Jadeds S SHTXXXXXXXXSDT

62T 0567 aseaIa4onT] C8ULINVOVIOVLYYI L 69 SluBINW ploe oulwre 331yl Yum INTIVVV/ANI-PY 29NHpPYd
07T 0009 091d6/A81 AIH C8ULINVOVOVIYYI L 69C Siuelnwi pioe oulwre aaiyl IM - AIH VVV/AN3-PVY Z9NHpYd
ocT 0009 aselsjonT SO WHHHHH SO SIH ON7ISIH-PY 29NHPVd
LTT 00SS 0971d6/A81 AIH SO WHHHHH SO SIH NIHSIH-PY 29NHpPYd
44 0ovy d49 SOWLNAVHIIOYSDT  490eds ynm adoyida dooj EA-AIH d49SEN-PY Z9NHPVd
vee 058Y d49 1LASVEDdDY adoyda doo] EA-AIH d49EN-PY Z9NHPY
wrl 0059 0971d6/A81 AIH 8L INAONOVIVELL 69C 9AleN NIH-PY YINHPVd
14 000S aselsjionT 8L INAONOVIVFLL 692 dAleN anT-pvy YINHPVd
olrel nydda g0 Jod peonpoud da  uoiBel T3 ulaues  uoIfe I GYAH UOXay uladuanbas uoxay ul 1sesu| alWreU J01BA 101997 UIBI1IO

Author Manuscript

‘TalqeL

Author Manuscript

Apms 1uasald sy ul pasn S10109A Py UBLIGLUOISY

Author Manuscript

Author Manuscript

J Gene Med. Author manuscript; available in PMC 2020 July 28.



	Abstract
	Introduction
	Materials and methods
	Recombinant vectors
	Western blotting
	Analysis of Ad vector genome with restriction
	Virus stability
	Animal immunization
	Enzyme-linked immunosorbent assay
	Neutralization assay
	Tetramer assay
	Intercellular cytokine staining assay
	Challenge study with recombinant vaccinia virus

	Results
	Viability and stability of hexon-modified Ad vectors
	Comparison of the neutralizing activity against Ad5 or individual vector by the modified-Ad vector
	Developing mice with pre-existing immunity to Ad5
	Comparison of the adaptive immune response induced by various Ad5 vectors
	Comparison of the protective immunity induced by various Ad5 vectors

	Discussion
	References
	Figure 1.
	Figure 2.
	Figure 3.
	Figure 4.
	Figure 5.
	Table 1.

