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Abstract
DNA plasmids and recombinant adenovirus serotype-5 (rAd5) vectors are being studied in human
clinical trials as HIV-1 vaccine candidates. Each elicits robust T-cell responses and modest antibody
levels. Since protein immunization alone elicits antibody but not CD8 T-cell responses, we studied
protein boosting of DNA and rAd5 HIV-1 vaccine vectors. A single Env protein immunization
provided a marked boost in antibody titer in guinea pigs primed with either DNA or rAd5 vaccines,
and the resulting antibody binding and neutralization levels were similar to those attained after thee
sequential protein immunizations. Since both T-cell immunity and neutralizing antibodies are
thought to be required for protection against HIV-1, it may be possible to establish a balanced T-cell
and antibody response with appropriate vectored vaccines and improve the neutralizing antibody
titer with protein boosting.
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I. Introduction
The continued spread of the human immunodeficiency virus type 1 (HIV-1) worldwide
highlights the need for an effective vaccine. Based on studies of HIV-1 infection in humans,
and SIV infection of macaques, it is believed that CD8 T-cells play an important role in control
of viral replication [1]. It is hoped that vaccine elicited T-cell responses will be able to limit
viral replication and prevent HIV-1 associated disease progression in those individuals who
become infected. However, antibodies may be required to prevent the acquisition of HIV-1
infection. Neutralizing antibodies can block viral entry into human T-cells in vitro and can
protect non-human primates from a chimeric simian-human immunodeficiency virus (SHIV)
infection [2,3]. Thus, a major goal is to develop an HIV-1 vaccine strategy that will generate
both cellular immunity and high titers of virus neutralizing antibodies. Serial immunization
with HIV-1 envelope (Env) protein immunogens can result in high antibody levels, but little
or no CD8 T-cell responses [4–9]. One approach to generating both cellular immunity and
neutralizing antibodies is to initiate immunization with a gene based vector that is known to
elicit CD4 and CD8 responses, and boost with a protein immunogen.
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Current gene-based immunogens, such as plasmid DNA and rAd5, have been widely studied
in animal models [10–15], and have entered phase I and II human testing [16–19]. In addition,
numerous groups have utilized vector prime, protein boost regimens to improve the potency
or durability of the immune response to HIV or SIV antigens [20–30]. In this study, we
evaluated the ability of our existing clinical vaccine products, multigene plasmid DNA and
rAd5, to prime for a booster immunization with a soluble oligomeric Env protein. The plasmid
DNA and rAd5 vectors used here were the same as those currently being studied in human
trials [18,19]. The DNA product consists of six individual plasmids. Three encode gp145 Env
proteins (clade A, B, and C); the remaining three encode Gag, Pol and Nef. The rAd5 product
contains 4 separate rAd5 vectors.

Three encode gp140 versions of the same Env proteins as above; a fourth encodes a Gag-Pol
fusion protein. Data from non-human primate studies show that a series of three DNA
immunizations, or a single rAd5 immunization, generates robust antigen specific CD4 and CD8
responses and moderate antibody levels [31,32]. Recent phase I studies in humans have
confirmed these results [18,19]. Additionally, the combination of DNA prime, rAd5 boost has
been extensively studied in small animals and non-human primates, and results in robust
cellular immunity and high antibody levels [13,32–37]. However, we have not systematically
studied the ability of these DNA or rAd5 vaccine candidates to prime for a protein boost. Thus,
these studies focus on the anti-Env response elicited by DNA or rAd5, and boosted with a
soluble Env protein.

A soluble oligomeric gp140 Env protein based on the SF162 strain, and containing a deletion
of the second variable region (V2), has been studied in animal models and is currently being
tested in phase I human trials. Immunization with the dV2gp140 protein generates high titer
antibody levels including homologous neutralizing antibodies [6,38–41]. In addition,
dV2gp140 elicits high antibody titers in monkeys primed with a DNA plasmids encoding the
homologous env gene [42,43]. To further asses the potential for protein boosting of both DNA
and rAd5, we formulated the dV2gp140 Env protein with the MF59 adjuvant alone, or with
one of two different classes of a synthetic oligodeoxynucleotide (ODN) containing
unmethylated deoxycytosine-doexyguanosine (CpG) motifs. GpG ODN are Toll-like receptor
9 (TLR9) ligands that stimulate antigen presenting dendritic cells (DC) [44]. Class A ODN
stimulate high levels of INFα from plasmactyoid DC; B-class ODN induce strong B-cell and
NK cell activation and the more recently discover C-class ODN appear have properties of both
the A- and B-class ODN [45,46]. Since several ODN adjuvants are in phase I human testing,
we evaluated if B and C-class ODN, when formulated with protein in the boost phase of
immunization, could augment the antibody response elicited by MF59 alone.

The guinea pig (GP) studies described here were designed to evaluate anti-Env antibody
responses elicited by combinations of existing vaccine immunogens that have advanced into
human clinical trails. Current HIV-1 DNA and rAd5 vectors are known to elicit robust T-cell
responses in humans, but rather modest antibody levels. The soluble dV2gp140 protein elicits
high antibody levels, but not CD8 T-cell responses. Thus, in human trials, it might be possible
to establish a CD4 and CD8 T-cell response with the appropriate vaccine vectors, and further
boost the antibody response with an Env protein. In these GP studies, we observed that a series
of three DNA immunizations, or a single rAd5 immunization, produced moderate levels of
anti-Env antibody, and effectively primed for boosting with soluble protein. A single protein
boost immunization resulted in high antibody levels and the induction of virus neutralizing
antibodies. The addition of a B- or C-class ODN to the protein formulation in the boost phase
of immunization did not augment the antibody response generated by MF59 alone. While
current Env based immunogens do not readily generate broadly reactive neutralizing
antibodies, theses data suggest that DNA plus protein, or rAd5 plus protein, are valuable
vaccine platforms that can be used to study the generation of HIV-1 anti-Env antibody
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responses. In addition, it may be possible to establish a T-cell response with appropriate
vectored vaccines and further improve the neutralizing antibody titer with protein boosting.

2. Materials and methods
2.1 Vaccine constructs

The plasmid DNA vaccine consisted of six individual plasmids each encoding a single HIV-1
gene product. HIV-1 clade B Gag, Pol, and Nef, and a clade A, B and C gp145 env, were each
cloned into the expression vector CMV/R containing the human cytomegalovirus immediate
early enhancer, promoter and intron region from HTLV-1 [47]. The gene inserts were synthetic
codon optimized sequences and have been described previously [48]. The gag gene was derived
from the clade B strain HXB2 (GenBank accession number K03455), the pol gene from clade
B strain NL4-3 (GenBank accession number M19921) and the nef gene from the clade B strain
PV22 (GenBank accession number K02083). The gp145 env gene inserts were contained the
dCFI modifications as previously described [49]. The three env genes were derived from the
clade A strain 92RW020 (CCR5-tropic, GenBank accession number U08794), the clade C
strain 97Z012 (CCR5-tropic, GenBank accession number AF286227) and the clade B strain
HxB2 (X4-tropic, GenBank accession number K03455). To produce a CCR5-tropic version
of the clade B envelope protein (R5gp160/h), amino acids 275 to 361 from X4gp160/h
(VRC3300) was replaced with the corresponding region from the BaL strain of HIV-1
(Genbank accession number M68893). The rAd5 vaccine consisted of four replication
defective rAd5 vectors that utilized the same gene inserts as the DNA plasmid vaccine, with
modifications as noted here. One vector encoded a Gag-Pol fusion product as previously
described [48]. Nef was not included in the rAd5 vaccine. The remaining three vectors encoded
secreted gp140 versions of the clade A, B and C Env described above. The clade B Env vector
contained deletions of the V1 and V2 loop region in order to improve the stability and yield of
the vector in the producer cell line. An control rAd5 vector contained no gene insert. The Env
protein (dV2gp140) was a purified oligomeric gp140 derived from the CCR5 tropic strain
SF162 and containing a 30 amino acid deletion in V2 loop region as has been previously been
described [6,39–41].

2.2 Immunogen preparation and vaccination
The DNA vaccine was formulated as equal parts of each of the six plasmids in phosphate-
buffered saline (PBS) and was administered as a 500ug dose by intramuscular injection of 400
ul into one hind leg muscle using a needle-less biojector device. The rAd5 vectors were
formulated in PBS in a 3:1:1:1 ratio of the Gag-Pol and three Env vectors respectively (i.e.,
half the formulation is the Gag-Pol vector and the other half contains the three Env vectors).
The total dose per immunization was 1010 particle units delivered as 400 ul into one hind leg
by needle and syringe. The SF162 protein was formulated in PBS (and in some cases with the
indicated CpG ODN) and mixed with an equal volume of the oil emulsion MF59 adjuvant prior
to immunization. The protein dose was 50 mcg per immunization delivered by needle and
syringe in a volume of 400 ul and administered as 200 ul into each hind leg muscle. When GpG
ODN were included, they were formulated with protein (not with DNA or rAd5) and the dose
was 100 mcg per animal. ODN-7909 and ODN-2395, a class B and C ODN respectively, were
purchased from Coley Pharmaceutical Group, Inc (Ottowa, Canada). Note that ODN-2006 has
more recently been designated as ODN-7909 and in being studied in human trials [50]. Female
Hartley guinea pigs were housed and handle in accordance with guidelines set by the
Association for the Assessment and Accreditation of Laboratory Animal Care. Blood was
collected at the specified time points and isolated serum was stored at −80ºC until use.
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2.3 Antibody binding assay
HIV-1 gp140-specific binding antibodies were quantified by a lectin capture enzyme-linked
immunosorbent assay (ELISA) as previously described [48,51]. Briefly, 96-well Immulon2
2HB ELISA were coated with 100 ul/well of Galanthus Nivalis lectin (Sigma, St. Louis, Mo)
(10 ug/ml in PBS) overnight at 4ºC and supernatant from 293T cells transfected with the BaL
gp140 dCFI plasmid vaccine construct was added to each well for one hour at room
temperature. After washing, serial dilution of guinea pig sera was added and anti-gp140
antibodies were detected with a biotin-labeled secondary goat anti-guinea pig IgG, and
Streptavidin conjugated with horseradish peroxidase, followed by development with TMB (3,
5’, 5,5’-tetra-methylbenzidine) substrate. Plates were read on a Spectramax microplate
spectrophotometer (Molecular Devices; Sunnyvale, CA) and end-point titer was calculated as
the most dilute serum concentration that gave an optical density reading of > 0.2 after correction
for background or pre-immune sera.

2.4 Virus neutralization assay
Single round of infection HIV-1 Env pseudoviruses were prepared by cotransfecting 293T cells
with an Env expression plasmid containing a full gp160 env gene and an env-deficient HIV-1
backbone vector (pSG3ΔEnv) as previously described [52]. Virus-containing culture
supernatants were harvested two days after transfection, centrifuged and filtered through 0.45-
micron filter, and stored at −80°C. A panel of 12 clade B HIV-1 Env pseudoviruses has recently
been characterized and recommended for use in assessing neutralization by HIV-1 immune
sera [52,53]. We used this panel of Env-pseudoviruses to assess the neutralization activity of
the GP sera. In addition, several neutralization sensitive Env-pseudoviruses were used. These
included isolates HxB2, SF162, BaL.01 and SS1196.1. The Env expression plasmid HxB2 was
a gift from Dana Gabuzda (Dana Farber Cancer Institute) and SF162 was provided by Leonidas
Stamatatos (Seattle Biomedical Research Institute). Env-pseudovirus SS1196.1 has been
previously described [52]. Additionally, we isolated two functional Env clones from the DNA
of peripheral blood mononuclear cells infected with the primary isolate HIV-1 BaL that was
obtained from the NIH AIDS Research and Reference Reagent Program. The Env clones BaL.
01 and BaL.26 differ by 16 amino acid positions in gp160 and have GenBank accession
numbers DQ318210 and DQ318211 respectively. The BaL.01 pseudovirus is closer to the
original BaL GenBank sequence and was used in this study.

Pseudovirus neutralization was measured as a function of Tat-induced luciferase reporter gene
expression after a single round of infection in TZM-bl cells as previously described[52,54].
TZM-bl cells were obtained from the NIH AIDS Research and Reference Reagent Program,
as contributed by John Kappes and Xiaoyun Wu. These cells express CD4, CXCR4 and CCR5
and contain and integrated reporter gene for firefly luciferase under the control of an HIV-1
LTR. The level of viral infection was quantified by measurement of relative luciferase units
(RLU) that are directly proportion to the amount of virus inputs. Briefly, 40 ul of virus was
incubated for 30 minutes at 37ºC with serial dilutions of test serum samples (10 ul) in duplicate
wells of a 96-well flat bottom culture plate. The final serum dilution was defined at the point
of incubation with virus supernatant. 10,000 TZM-bl cells were then added to each well in a
total volume of 20 ul and plates were incubated overnight at 37ºC in a 5% CO2 incubator. One
set of eight wells received mock antibody followed by virus and cells (controls wells for virus
entry) and a set of eight wells received cells with mock virus (to control for luciferase
background). Viral input was set at a multiplicity of infection (moi) of approximately 0.1,
which generally results in 100,000 to 400,00 RLU. After over night incubation, 150ul of fresh
medium was added to each well and incubated for 24 hours at 37ºC in a 5% CO2 incubator.
To determine RLU, cell culture medium was aspirated from wells followed by addition of 50
ul of cell lysis buffer (Promega, Madison, WI). 30 ul of cell lysate was transferred to wells of
a black Optiplate (PerkinElmer) for measurement of luminescence using a Perkin-Elmer
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Victor-light luminometer that injects 50 ul of luciferase substrate reagent to each well just prior
to reading RLU. To determine the serum inhibitory concentration that resulted in a 50%
reduction in RLU, serum dilution neutralization curves were fit by non-linear regression using
a 4-paremeter hill slope equation programmed into JMP statistical software (JMP 5.1, SAS
Institute Inc., Cary, NC). The results are reported as the serum neutralization IC50, which is
the reciprocal of the serum dilution producing 50% virus neutrarization.

Statistical analysis—Comparisons of end point ELISA titers or of IC50 neutralization titers
at a specified time point were performed by Mann-Whitney or Wilcoxon signed-rank sum tests
using the statistical package within GraphPad Prism (V4.03) software.

3. Results
3.1 Immunization protocol

This study was designed to test the effect of protein boosting after priming immunizations with
either DNA or rAd5. In all cases, protein was formulated with the MF59 adjuvant. Since an
additional objective was to evaluate if CpG ODNs could augment the antibody response
produced by the MF59 formulation, we compared the MF59 adjuvant alone, to MF59 plus one
of two ODNs (Fig. 1). Note that we were not using the ODN during the primary DNA or rAd5
immunizations, but rather only during the protein boosting phase. Guinea pigs were divided
into 4 main groups as shown in Fig 1. 1) DNA prime + protein boost, 2) rAd5 prime + protein
boost, 3) protein only immunization and 4) sham immunized controls. DNA groups were
immunized with 500ug of plasmid DNA per guinea pig at week 0, 3 and 8. rAd5 immunization
groups received a single dose of 1010 PU per animal at week 0. The twelve animals in both the
DNA and rAd5 groups were further divided into three groups of 4 animals for protein boosting.
One group received SF162 dV2gp140 Env protein formulated with MF59 + sham ODN. The
other two group received Env protein formulated with MF59 and either ODN 7909 or ODN
2395 respectively. All DNA and rAd primed guinea pigs were boosted with protein at week
19 and 30. The comparator protein only group received SF162 gp140 protein formulated with
MF59 (no ODN) at weeks 0, 3, 19 and 30. A sham immunization group received an empty rAd
vector and sham protein (PBS) formulated with MF59.

3.2 Comparison of DNA and rAd prime, protein boost
The plasmid DNA and rAd vectors used in this study encoded clade A, B and C Envs. The
clade B Env is based on the strain HxB2, but includes 86 amino acids from the V3 region of
the BaL strain. Thus, the chimeric clade B Env in the DNA and rAd5 is different from the
SF162 based Env protein used to boost the antibody responses. We measured the anti-Env
antibody titers using a clade B protein (HxB2/BaL gp140) because this matched the clade B
Env insert in the DNA and rAd5. Since some antibodies are known to be highly strain specific,
the ELISA titers measured for the protein only immunized animals (SF162 dV2gp140) might
have been somewhat higher if they were measured using the homologous SF162 protein.
However, we believe that reasonable comparisons could be made among groups by using the
single HxB2/BaL gp140 protein for ELISA testing. Also of note, since we found that the CpG
ODN did not alter the antibody response when added to MF59 (section 3.3 below), we
combined all 12 GPs in the rAd5 + protein, and the DNA + protein groups, for the evaluations
done here. We observed that three immunizations of plasmid DNA, and one immunization of
rAd, each generated measurable serum ELISA titers (Fig 2A), though the response was more
consistent in the rAd group. In the DNA immunized animals, a single protein boost increased
the reciprocal geometric mean titer (GMT) from 12,000 to 386,000 (32-fold incease; p =
0.0005). In rAd immunized animals, the GMT increased from 23,000 to 1,546,000 after the
protein boost (67-fold increase; p = 0.0001). In contrast, two protein immunizations (weeks 0,
3) resulted in a GMT of 6,400 that was significantly lower than a single protein immunization
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after DNA prime (p = 0.008) or rAd5 prime (p = 0.004). Thus, both DNA and rAd effectively
primed for the protein boost immunization and the resulting GMTs were approximately 100-
fold higher than was observed after two protein immunizations in the absence of DNA or rAd.
In the protein only group, a third protein immunization at week 19 brought the GMT up to
102,000, which was still several fold lower than observed in the DNA and rAd primed animals.
A comparison of the DNA + protein and rAd + protein groups shows GMTs of 386,000 and
1,546,000 respectively (p = 0.053). Thus, there was a trend toward a higher GMT titer in the
rAd + protein animals. All animals were given an additional protein immunization at week 30,
but this do not provide a significant increase in the GMT (Fig 2B). All P values described above
were derived from non-parametric Mann Whitney tests of the IC50 values.

Neutralizing antibody responses at several time points were first assessed against two
neutralization sensitive HIV-1 strains: SS1196 (Fig 2C) and BaL.01 (Fig. 2D) . Serum
neutralizing activity was detected after DNA or rAd prime followed by a single protein boost
(Fig 2C and 2D, week 22) or after three protein immunizations (also week 22). Overall, the
neutralization IC50 titers against BaL.01 and SS1196 were in the low to moderate range. While
there was some small increase in titer with an additional protein boost (week 34) this increase
was not statistically significant. Interestingly, the protein only group of animals was more
potently neutralizing against BaL.01 than the DNA or rAd groups, but this was not seen for
SS1196. The reason for this difference is not clear. It is known that current Env immunogens,
including those used here, do not elicit neutralizing responses against the majority of primary
HIV-1 strains. To more formally assess the breadth of neutralization by these sera, they were
tested against two additional neutralization sensitive viruses (HxB2 and SF162) and against a
panel of 12 heterologous clade B reference viruses that that have recently been recommended
for this purpose [52,53]. There was strong neutralization of SF162, which is homologous to
the protein boost, especially in the animals that received three or four immunizations with the
SF162 dVgp140 protein. This can be seen in Table 1 where the protein only immunized animals
have particularly high neutralization titers against the homologous SF162 virus that is stronger
than that seen with the DNA or rAd5 immunized animals. This is likely due to a subset of
highly strain specific antibodies elicited by the SF162 dV2gp140 protein that are reactive with
both SF162 and the highly sensitive laboratory adapted HxB2 strain. But this neutralization
does not extend to the other primary isolates tested. Among the 12 reference strains tested, we
observed some neutralization of two viruses (6535.3 and SC422.8). There was little or no
neutralization of the remaining 10 viruses. Table 1 shows data for only four of the reference
viruses. There was no detectable neutralization against the remaining eight viruses and these
data are not shown.

3.2 Comparison of protein formulated with ODN protein
We further evaluated if GpG ODN could augment the antibody response elicited by SF162
protein formulated in MF59. To asses this, we added CpG ODN to MF59 during the boost
phase of the immunization regimen. The 12 GPs in DNA/protein and rAd/protein immunization
groups were subdivided into three groups of 4 animals as shown if Fig 1. GPs received SF162
gp140 with MF59, or with MF59 plus ODN7909 or ODN2395. Fig. 3A shows that the there
were no differences in the ELISA titers at any time point tested for the DNA/protein groups
(left panel) or the rAd/protein groups (right panel). We also assessed the neutralizing antibody
response against viruses SS1196 (Fig 3B) and BaL.01 (Fig 3C). Again, there were no
statistically significant differences in the IC50 neutralization titers at any time point tested.
Thus, although these ODN have been found to be effective adjuvants during primary
immunization, we found no evidence that a class B of C ODN (used at a dose of 100 mcg per
animal) could augment the antibody response generated by the protein/MF59 formulation in
the setting of an immune response primed by DNA or rAd5.
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6. Discussion
It this study, we focused on several HIV-1 candidate vaccines that are being tested in ongoing
phase I/II clinical trails; these included a multigene plasmid DNA, a multigene rAd5 vaccine,
and a soluble clade B trimeric dV2gp140. While protein immunization can induce high
antibody levels, it does not elicit the CD8 T-cell responses that are thought to be important for
controlling HIV-1 infection. Since DNA and rAd5 vectors elicit robust cellular immune
responses, including CD4 T-cell response to the Env antigens, we hypothesized that they would
prime for a protein boost that could further augment the antibody levels induced by these
candidate vaccines. We observed that three DNA immunizations, or a single rAd5
immunization, resulted in moderate levels of anti-Env antibodies that were boosted by
approximately 50-fold upon protein boosting. The resulting antibody response was high
enough to neutralize several strains of HIV-1, though as expected these neutralizing antibodies
were not broadly reactive.

The dV2gp140 SF162 Env protein used here has been previously studied in NHP. It has been
shown to boost the antibody response after immunization with DNA plasmids encoding the
same SF162 Env. This resulted in a potent neutralizing response against the homologous SF162
virus and partial protection against a SHIV SF162 challenge [6,43]. However, the reactivity
of neutralizing antibodies was limited and additional SHIV challenge studies showed that
protection did not extend to a heterologous SHIV89.6P challenge [42]. In the current study,
we primed with DNA or rAd5 that encoded for a clade A, B and C Env. The clade B Env was
a derived from the HxB2 sequence that was modified to include 86 amino acids from the V3
region of the BaL strain. Thus, the priming Env immunizations were antigenically broader than
the boost and were not directly homologous to the SF162 protein. We therefore performed an
extensive analysis of the breadth of the neutralizing antibody response at a peak time point
after the protein boost, and again after an additional protein boost. For this purpose, we used
several well characterized neutralization sensitive viruses and a recently recommended panel
of clade B reference isolates. As expected, moderately high neutralization titers were observed
against the more sensitive viruses: BaL, SS1196, SF162 and HxB2. Among the new panel of
12 reference clade B strains, there were moderate level responses only against virus 6535 (Table
1). This result is not surprising, as several studies have demonstrated that these current Env
immunogens do not yet elicit broadly reactive neutralizing antibodies [6,13,35].

Interestingly, the serum neutralizing activity was somewhat higher at week 34, after the second
protein boost, compared to week 22 (after the first protein boost). This can be seen in Table 1
for viruses HxB2, SF162, 6535 and SC422. Thus, despite the fact that the second protein boost
did not substantially increase the ELISA titer measured against BaL gp120, the virus
neutralizing activity was improved. This is not surprising, as previous studies have failed to
find a correlation between gp120 binding levels and virus neutralization[55,56]. The fraction
of total anti-Env antibodies that are neutralizing may be small, and boosting this fraction may
have minimal effect on the total anti-gp120 ELISA titer. Also of note, the protein only
immunized animals had higher neutralization against SF162 and HxB2 than the animals primed
with DNA or rAd5 (Table 1). This is likely due to a set of highly type specific antibodies elicited
by the SF162 dV2gp140 protein, as these sera from protein only immunization do not neutralize
most heterologous viruses. Thus, using current Env immunogens, neither homologous protein
alone, nor DNA or rAd5 prime with heterologous protein boost, was able to induce broadly
reactive neutralizing antibodies.

This study did not detect an effect of GpG ODN on the antibody response, but it is important
to note that we did not design these experiments to study ODN during the primary set of
immunizations. Synthetic ODN can potently augment Th1 driven immune responses in mice
[45] and have recently been shown to have similar properties in NHPs and humans [57] [50].
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Much less is known about their effect in GPs, although CpG ODN have been reported to
augment the response in GPs to mycobacterial antigens [58], and the anti-HIV-1 Env response
after immunization with virus like particles [59]. Two aspects of our study design may have
minimized the effect of the ODN. First, we only studied the effect of ODN on protein used to
boost an existing immune response generated with DNA or rAd5 prime. Since both these
modalities generated an antibody response, there may have been less potential for the ODN to
augment the secondary immune response. Secondly, we used a well characterized adjuvant
(MF59) in all protein formulations. Thus, we can only conclude that there was no effect of
ODN above that produced by the MF59 alone. It is also possible that a higher dose of the ODN
than the 100 mcg used here would have produced a more pronounced effect.

In summary, a successful HIV-1 vaccine will likely need to generate both cellular immunity
and neutralizing antibodies. While intense research continues to focus on the design of more
optimal Env antigens , it is also important to understand how such Env immunogens might be
delivered as part of an overall HIV vaccine strategy aimed at generating both cellular immunity
and neutralizing antibodies. Gene-based vectors such as plasmid DNA and rAd5 can effectively
express Env antigens and induce both T-cell and antibody responses. In this study, we show
that both DNA and rAd5 can each efficiently prime for protein boosting. Thus, immunization
with DNA or rAd5, plus protein boosting, is a useful platform to study the immune response
to novel Env immunogens and may allow the induction of both CD8 T-cell and neutralizing
antibody responses.
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Fig 1.
Schema of the immunization protocol. Arrows indicate immunizations and circles show serum
collections. Thirty-two GPs were divided into eight groups of four animals. The first three
groups (12 GPs) received DNA prime followed by protein boost and the second three groups
received rAd prime, protein boost. The DNA groups received three i.m. inoculations of 500
ug of plasmid DNA and two 50 ug protein boosts. Protein was formulated with MF59, or with
MF59 plus one of two GpG ODN as shown. The rAd groups each received one i.m. inoculation
of 1010 PU of rAd and were boosted twice with 50 ug of protein. Protein was again formulated
with MF59, or with MF59 plus the ODN. The protein only group received 50 ug i.m. protein
formulated with MF59 at weeks 0, 3, 19 and 30. Control group GPs were immunized with an
empty rAd vector at week 0 and were boosted with PBS/MF59 at weeks 19 and 30.
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Fig 2.
Comparison of DNA and rAd prime. (A) Anti-Env ELISA titers for the 12 GPs that received
3 DNA immunizations (DNA) and the 12 GPs that received one rAd5 immunization (rAd); the
time point shown is week 8. ELISA titers are also shown from sera sampled at week 22, two
weeks after the first protein boost immunization (DNA + protein, DNA + rAd). The two
columns furthest to the right show data from the four protein only immunized GPs; time points
are week 8 (after protein x 2) and week 22 (after protein x 3). The line within each group of
scatter points indicates the GMT. (B) Longitudinal ELISA titers for the same animals described
above. The immunization scheme is shown above in Fig. 1. (C) Neutralization IC50 values for
viral isolate SS1196. (D) Neutralization IC50 values for viral isolate BaL.01. All line graphs
show the geometric mean value and SEM for each time point.

Shu et al. Page 14

Vaccine. Author manuscript; available in PMC 2008 February 9.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig 3.
Comparison of MF59 and GpG ODN adjuvants. The symbols at the top of the left and right
columns describe the animal groups. (A) Anti-Env ELISA titers are shown for DNA (left panel)
and rAd (right panel) immunized animals. Note that the graphs for MF59 used alone or
combined with an ODN are overlapping. Also shown are Neutralization IC50 titers for viral
isolate SS1196 (B) and viral isolate BaL.01 (C).. The line graphs show the geometric mean
value and SEM for each time point; there were four animals in each group.
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