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Abstract
The effectiveness of recombinant Adenovirus serotype 5 (Ad5) vectors to induce immune
responses against targeted antigens has been limited by the presence of pre-existing or Ad5
vaccine induced anti-vector immunity. The Ad5 [E1-, E2b-] platform, a recombinant Ad5 with
additional deletions, has been previously reported by us to induce immune responses in the
presence of Ad5 immunity. In an Ad5 immune non-human primate (NHP) model, an Ad5 [E1-,
E2b-] construct expressing HIV-1 Gag induced immune responses in the presence of pre-existing
Ad5 immunity. In the present study we expand on these prior observations by comparing the cell
mediated immune (CMI) responses induced by Ad5 [E1-, E2b-]-SIV-gag/nef in Ad5 naïve and
Ad5 immune NHP. Additionally, NHP were immunized with an Ad5 [E1-, E2b-]-HIV-pol
construct following two homologous administrations of Ad5 [E1-, E2b-]-SIV-gag/nef to determine
if an immune response could be induced against a third antigen in the presence of vaccine induced
Ad5 immunity. Positive CMI responses, as assessed by interferon-gamma (IFN-g) secreting
lymphocytes, were induced against all three antigens. These CMI responses increased over a
course of multiple immunizations and the response profiles observed in Ad5 naïve and Ad5
immune NHP were similar. No influence of the major histocompatibility complex on CMI
responses was observed. These data indicate that the new Ad5 [E1-, E2b-] platform based vaccine
could be used for homologous vaccination regimes to induce robust CMI responses in the
presence of Ad5 vector immunity.
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Introduction
The use of recombinant viral vector systems is a viable approach to deliver immunogens to
prevent infectious diseases (1, 2). Recombinant Ad5 viral vectors have been utilized as
vaccine platforms to deliver defined genes that express antigens for the induction of targeted
immune responses (3,4–9). Anti-vector immunity is a major limitation to the use of current
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recombinant viral gene delivery vectors as vaccine platforms (10,11). Pre-existing anti-
vector immunity has been demonstrated to reduce the immunogenicity of recombinant Ad5
vector-based vaccines and the generation of anti-vector immunity after primary vaccination
has been reported to limit the efficiency of homologous boost immunizations (10,11). In
attempts to overcome anti-vector immunity, further studies have revealed novel ways to
circumvent pre-existing or vector induced Ad5 immunity (12).

One approach is to reduce the expression of viral vector proteins by removing extensive
genetic regions of the viral backbone (13–15). Reduced expression of Ad5 viral genes in a
recombinant vector platform may be advantageous in vaccine development for reasons
including (a) reduced antigenic competition between the target and Ad5 proteins, (b) greater
longevity of target transgene expression providing greater immunologic stimulus, and (c)
decreased adverse effects, allowing for higher and more frequent doses of vaccine. Current
generation recombinant Ad5 vector platforms (Ad5 [E1-]) are replication defective due to
deletions in the early 1 (E1) gene region (16). A next generation Ad5 vector platform has
been developed that retains the E1 deletions but has further deletions of the polymerase (pol)
and/or preterminal (pTP) protein genes in the early 2 (E2b) gene region (Ad5 [E1-, E2b-])
(15). This new vector is produced in the E.C7 human cell line that contains the E1 and E2b
deletions necessary to propagate the recombinant virus (17, 18). The Ad5 [E1-, E2b-] vector
platform has an expanded cloning capacity and reduced expression of viral late genes as
compared to current generation Ad5 [E1-] vector platforms (19).

We have recently completed comparative studies on the use of the Ad5 [E1-, E2b-] vector
platform as a vaccine candidate for HIV and certain cancers. Studies using the tumor
associated antigen carcinomembryonic antigen (CEA) demonstrated that the Ad5 [E1-,
E2b-]-CEA vector was superior to a first generation Ad5 [E1-]-CEA vector in generating
CEA specific CMI responses in a multiple immunization regimen and could be used to
generate immune responses in animals with pre-existing Ad5 immunity (20, 21). It was also
determined that treatments of Ad5 [E1-, E2b-]-CEA could induce significant anti-tumor
responses in Ad5 immune mice with established CEA bearing tumors (21). Studies using
HIV-1 antigens Gag, Pol, and Nef demonstrated that the Ad5 [E1-, E2b-] vector was
superior to an Ad5 [E1-] vector in generating HIV-1 antigen specific CMI responses
employing a multiple immunization protocol and could be used to generate immune
responses in mice and non-human primates (NHP) with pre-existing Ad5 immunity (14,22).
In the present study, we evaluated the immunogenicity of an Ad5 [E1-, E2b-]-SIV vaccine
platform in NHP. We evaluated and compared the CMI responses generated in naïve NHP
and NHP with pre-existing immunity to Ad5. In addition, we determined if a CMI response
could be induced against a third antigen in the presence of vaccine induced Ad5 immunity.
Since major histocompatibility complex (MHC) molecules determine the repertoire of T cell
responses that can develop against SIV and/or any other foreign pathogen, all NHP in this
study were typed for MHC class I molecules to assess any influence on vaccine-induced
CMI responses (23).

Materials and Methods
Animals

Eighteen Chinese-origin rhesus macaques (Macaca mulatta) (6 males and 12 females) were
purchased, housed, and handled by BIOQUAL, Inc., Rockville, MD in accordance with their
Institutional Animal Care and Use Committee guidelines. Peripheral blood mononuclear
cells (PBMC) and tissues from individual animals were collected at BIOQUAL and sent to
Etubics Corporation, Seattle, WA for immunogenicity analysis as described below.
BIOQUAL performed animal temperature determinations, weights, blood chemistries, and
hematology during the course of the study.

Gabitzsch et al. Page 2

Vaccine. Author manuscript; available in PMC 2012 October 19.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Vaccine trial design
The eighteen NHP were divided into 3 groups; Group 1: Ad5 naive NHP (n=7, 2 males and
5 females), Group 2: Ad5 immune NHP (n=7, 2 males and 5 females) and Group 3: Ad5
immune controls (n=4, 2 males and 2 females). Ad5 immunity was induced in NHP
according to a similar protocol that we have previously published (14, 22). This protocol
was reported to induce Ad5 neutralizing antibody (NAb) levels of approximately 1:200,
which was classified as “high Ad5 immunity” in previous Ad5 vaccine human trials (24).
NHP in Group 2 and 3 were made Ad5 immune by intradermal immunization at 2-week
intervals on immunization days −98 and −84 with 1010 viral particles (VP) of a current
generation Ad5 [E1-]-null (no transgene) (Table 1). Ad5 immunity was confirmed by the
presence of Ad5 NAb when Ad5 [E1-, E2b-] vaccination began (day 0). SIV Gag, Nef, and
HIV-1 Pol protein expression by the Ad5 [E1-, E2b-] vector vaccines was confirmed by
western blot prior to use in immunizations (data not shown). For this study, we decided to
employ an initial 4-injection immunization protocol with Gag and Nef vectors. This strategy
enabled us to then employ a secondary 3 injection multiple immunization protocol using a
HIV pol vector vaccine. We performed this in order to assess whether or not we could
induce a CMI response to a secondary antigen after commencing immunizations with
primary antigens. NHP in Group 1 and Group 2 received subcutaneous immunizations of
1010 VP of a 1:1 mixture (2×1010 total VP) of Ad5 [E1-, E2b-]-SIV-gag and Ad5 [E1-,
E2b-]-SIV-nef on days 0, 14, 28 and 42. Ad5 immune control animals (Group 3) received
injections with buffer solution only. To determine if a CMI response could be induced
against a third target antigen in the presence of recently acquired Ad5 vector immunity
generated by earlier vaccinations, NHP in Groups 1 and 2 were immunized with 1010 VP of
HIV-1 Ad5 [E1-, E2b-]-pol on days 28, 42 and 65. PBMC and serum were collected at
baseline, immediately before each vaccination and upon termination.

MHC class I typing of NHP
The NHP were genotyped for MHC class I alleles by Wisconsin National Primate Research
Center, University of Wisconsin, Madison, WI as previously described (25).

Gene synthesis and Ad5 Vector Construction
Ad5 [E1-, E2b-]-SIV-gag, Ad5 [E1-, E2b-]-SIV-nef and Ad5 [E1-, E2b-]-HIV-pol were
constructed and produced as previously described (15,22) using a gag insert derived from
the complete SIVmac239 genome (GenBank accession M33262), a SIV nef sequence from
the nef protein (premature stop)-protein id AAA47638.1 (nt 9333–9611) derived from the
complete SIVmac239 genome (GenBank accession M33262) and a HIV-pol gene sequence
provided by the Vaccine Research Center, NIAID. Briefly, the Gag, Nef, or Pol cDNA was
sub-cloned into the Ad5 [E1-, E2b-] vectors using a homologous recombination based
procedure previously described (15). Gag, Nef, or Pol production was placed under the
control of a cytomegalovirus (CMV) enhancer/promoter element. The replication deficient
viruses were then propagated in the necessary and sufficient E.C7 packaging cell line, CsCl2
purified, and titered as previously described (15). Viral infectious titers were determined as
plaques on E.C7 cell monolayers. The viral particle (VP) concentration was determined by
sodium dodecyl sulfate (SDS) disruption and spectrophotometry at 260nm and 280nm (15,
26). The ratio of VP to plaque forming units (PFU) was 35:1 VP/PFU or lower per lot.

Western Blot Analysis
Western Blot analysis to determine transgene expression by the Ad5 [E1-, E2b-] vectors was
performed as previously described (14). Briefly, 106 human A-549 lung carcinoma cells
(ATCC number CCL-185) were infected at a Multiplicity of Infection (MOI) of 100 VP/cell,
incubated for 48 hours, followed by cell lysis. A-549 cell lysates were separated on a 10%
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SDS-polyacrylamide gel and transferred onto a PVDF membrane (GE Heathcare,
Piscataway, NJ). The membranes were then blocked with TBS containing 5% (w/v)
blocking reagent (GE Healthcare, Piscataway, NJ) for 2 hours at room temperature and
sequentially incubated with mouse anti-SIV-gag, anti-SIV-nef or anti-HIV-pol antibody,
respectively (1:250 dilution) and goat anti-mouse-HRP conjugated antibody (1:1000
dilution) (Kirkegaard & Perry Laboratories, Gaithersburg, MD) for one hour at room
temperature. Antibody reactivity was determined by chemilluminescence using an ECL
Western Blotting analysis system (GE Healthcare) according to the manufacturer’s
specifications.

Ad5 neutralizing antibody (NAb) assay
Endpoint Ad5 NAb titers of individual NHP were determined as previously described (14,
22). Briefly, dilutions of heat inactivated test sera in 100 μL of DMEM containing 10% fetal
calf serum were mixed with 4 × 107 VP of Ad5 [E1-]-null and incubated for 60 minutes. The
samples were added to microwells containing HEK-293 cells at 2 × 103 cells/well that had
been cultured for 24 hours at 37° in 5% CO2. The mixture was then incubated for an
additional 72 hours at 37° in 5% CO2. An MTS tetrazolium bioreduction assay (21, 27) was
used to quantify resultant cell killing and endpoint Ad5 NAb titers were determined.

Enzyme-linked immunospot (ELISpot) assay for IFN-γ secreting cells
SIV Gag, Nef, or HIV-1 Pol specific IFN-γ secretion in PBMC isolated from in NHP
throughout the course of vaccination and in splenocytes and PBMC upon termination was
detected using an ELISpot assay as previously described (22). Cells were stimulated with
SIV Gag, Nef, or HIV-1 Pol peptides provided by the AIDS Research and Reference
Reagent Program, Division of AIDS, NIAID, NIH: SIVmac 239 Gag (15-mer Peptides-
Complete Set, SIVmac239 Full length Nef (15-mer) Peptides-Complete Set and HIV-1
Consensus B Pol (15-mer) peptides-Complete Set. PBMC were used at a concentration of 2
× 105 cells/well and reported as the number of spot forming cells (SFC) per 106 cells per
well. All 125 SIVmac239 Gag peptides were combined and tested as a single pool.
Similarly, all 64 SIVmac239 Nef peptides, and all 249 HIV-1 Pol peptides were combined
and tested as a single pool, respectively. Each peptide pool was tested in duplicate. Ad5
[E1-]-null virus was used at 108 VP/well to test the immune response against adenovirus.
Peptides were utilized at 0.1 μg of each peptide/well. To determine the breath of the CMI
induced by vaccination, Gag, Nef, and Pol peptide pools consisting of 15 amino acid
peptides with an 11-mer overlap were used to map the breadth of SIV or HIV-1 specific
CMI responses. Four SIVmac239 gag peptide pools (31 peptides/pool for pool # 1, #2, and
#3; 32 peptides/pool for pool # 4) spanning the whole Gag protein, five HIV-1 pol pools (50
peptides/pool for pools #1–4; 49 peptides/pool for pool #5) spanning the whole Pol protein
and 2 SIVmac239 Nef peptide pools spanning the whole Nef protein (32 peptides/pool) were
used as the stimulating antigen in IFN-γ ELISpot analysis. In all ELISpot assays, cells
stimulated with concanavalin A (ConA) at a concentration of 1 μg/well served as a positive
control. Colored SFC were counted using an Immunospot ELISpot plate reader (Cellular
Technology, Shaker Heights, OH) and responses were considered to be positive if, 1) 50
SFC were detected/106 cells after subtraction of the negative control and, 2) the number of
SFC were ≥2-fold the number of SFC in the negative control wells.

Statistical analysis
Analyses were performed in individual NHP in each group. Statistically significant
differences in the mean immune responses between groups of animals were determined by
Student’s t-test with a P-value of 0.05 or lower being considered significant, using GraphPad
Prism® (GraphPad Software, Inc.).
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Results
Vaccine-elicited CMI responses

CMI response induced by Ad5 [E1-, E2b-] constructs expressing SIV and HIV-1 antigens in
the NHP were determined in PBMC and splenocytes of individual NHP by IFN-γ ELISpot
assay as previously described (22). In Ad5 naïve NHP (Group 1), the mean CMI response to
Gag and Nef in PBMC increased above baseline values throughout the immunization course,
reaching the highest level two weeks following the last immunization (day 63). At only one
time point (day 42) was there a significant difference (P<0.05) in the CMI response
observed between Ad5 naïve and Ad5 immune NHP (Figure 1A, B). A CMI response was
mounted to Pol in the presence of recently induced vaccine associated Ad5 immunity. Pol
specific IFN-γ secretion was detected two weeks after the first Ad5 [E1-, E2b-]-HIV-pol
immunization on day 42, which increased on days 63 and day 77 (Figure 1C). Ad5 specific
CMI was induced by vaccination and gradually increased throughout the study until peaking
on day 63 (Figure 1D). At termination, splenocytes were assessed by ELISpot assay for
target and vector specific responses. CMI was detected against all three target antigens as
well as Ad5 (Figure 2). Ad5 naïve NHP in Group 1 had no detectable Ad5 NAb titers on day
0. The Ad5 NAb titers increased by day 63 and subsequently decreased by termination of
the study on day 77 (Figure 3).

Since pre-existing immunity to Ad5 has been reported to mitigate the effectiveness of Ad5
vectored vaccination, we next evaluated the CMI immune response induced by the Ad5
[E1-, E2b-] constructs expressing SIV and HIV antigens in Ad5 immune NHP. The NHP in
Group 2 were made Ad5 immune by two intradermal immunizations at a two-week interval
with 1010 VP of Ad5-null, a recombinant Ad5 platform with no inserted transgene, on study
days −98 and −84. To induce Ad5 specific immune responses in a memory phase, similar to
Ad5 directed immune responses that may been found in the human population, Ad5 [E1-,
E2b-] vaccination was initiated 12 weeks post Ad5-null exposure (28,29). Ad5 NAb titers
averaged 1:185 ± 14.29 on study day 0 when the NHP were administered their first Ad5
[E1-, E2b-]-SIV-gag and Ad5 [E1-, E2b-]-SIV-nef vaccination (Figure 3). The Gag specific
CMI response in these Ad5 immune monkeys had over a 4-fold increase in IFN-γ secretion
from day 14 to day 28 (P=0.018), and also significantly increased from day 42 to day 63
(P=0.005) (Figure 1A). As compared with Group 1, a similar CMI response was induced
against Nef in Group 2 that was first detected on day 14 and increased by day 63 (Figure
1B). Again, as observed with Group 1, an immune response was mounted against Pol in
Group 2 despite the presence of Ad5 hyper immunity. Pol specific CMI was initially
detected two weeks after the first Ad5 [E1-, E2b-]-HIV-pol immunization on day 42 and
increased until termination on day 77 (Figure 1C). Both target and vector specific CMI
responses were detected in splenocytes from the Ad5 immune NHP (Figure 2). Ad5 specific
CMI responses increased above baseline levels throughout the immunization protocol
(Figure 1D). The Ad5 NAb titers peaked on day 14 in the Ad5 immune Group 2 with an
average Ad5 NAb titer of 1:16000 ± 6000 and then began to decrease throughout the course
of the study (Figure 3).

MHC class I typing revealed that two of the NHP in the Ad5 immune Group 2 were positive
for Mamu-B*003, an allele which shares a high degree of amino acid homology in peptide
binding domains with Mamu-B*008 and HLA-B*2705 which have been associated with the
control of immunodeficiency virus replication (Supplementary Table 1) (30). Although two
NHP had this protective allele, there was no correlation or trend between the magnitude of
vector or insert CMI response and MHC I typing.
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Breadth of CMI response
We determined the epitopic breadth of the CMI response induced by vaccination with Ad5
[E1-, E2b-]-SIV-gag, Ad5 [E1-, E2b-]-SIV-nef and Ad5 [E1-, E2b-]-HIV-pol in 2–3
representative NHP from each group that had robust IFN-γ ELISpot responses against the
entire SIV or HIV-1 antigen. A broad immune response was induced to SIV Gag and HIV-1
Pol in both groups of Ad5 naïve and Ad5 immune NHP recognizing on average 4 of 4 Gag,
1 of 2 Nef and at least 2 of five Pol peptide pools (Supplementary Figure 1). The genomic
portion of Nef that was contained in the immunizing vector was represented in Nef peptide
pool #1. No immune response was induced to the non-immunizing portion of Nef
represented in Nef peptide pool #2. No significant differences (p>0.05) were observed in the
magnitude of the CMI responses to each peptide pool between Ad5 naïve and Ad5 immune
NHP except that Ad5 immune NHP exhibited a significantly greater (P=0.008) CMI
response against Pol pool #1. This may be a result of a small sample size. Ad5 naïve NHP
trended to have a greater magnitude of response against Gag peptide pools #1 and 2
although the difference was not significant.

The CMI responses to Gag, Pol and Nef were similar in magnitude and breadth between
Ad5 naïve and Ad5 immune NHP in both PBMC and splenocytes. The only time point in
which the Gag, Nef or Pol CMI response induced in Ad5 naive NHP was significantly
higher than in Ad5 immune NHP was in Gag specific IFN-γ secretion from PBMC on day
42 (P=0.04). At termination, the target and vector specific CMI responses in splenocytes
were similar between the two groups and no statistically significant differences were
observed against any of the target antigens or Ad5. The Ad5 specific CMI responses in
PBMC detected following immunizations differed in magnitude and the kinetics of the
responses were different between Groups 1 and 2, confirming that pre-exposure to Ad5 was
successful. Ad5 specific CMI responses increased more rapidly in Ad5 immune Group 2
animals, peaking at day 28 as compared to day 64 in the Ad5 naïve Group 1 (Figure 1D).
The Ad5 CMI responses were significantly increased in Group 2 Ad5 immune NHP on day
28 (P<0.001) and 42 (P=0.002). This difference diminished by day 63 (P=0.22) and, by day
77, the responses were similar (P=0.97). Ad5 NAb titers also differed between the two
groups throughout the course of immunizations. The Ad5 immune NHP in Group 2 had
significantly (P<0.05) higher levels of Ad5 NAb than Group 1 Ad5 naïve animals for every
time point assessed except day 63 (Figure 3).

Discussion
Recombinant viral vectors have been investigated for their use as a delivery platform for
HIV-1 genes (1). Of the viral vectors investigated, Ad5 based vaccines have been repeatedly
reported to outperform other vaccine platforms expressing identical antigens, including other
Ad serotypes, poxvirus based vectors and DNA-based vaccines, although the quality of the
induced immune responses necessary to protect against HIV-1 may define which vector is
most suitable for HIV-1 vaccine development (1, 31). Recombinant Ad5 vectors are the
most widely used viral vector in clinical applications including gene therapy and vaccines,
most likely due to a number of positive attributes including an extensive safety profile, a
broad tropism of infecting a variety of cell types and the ability to grow high titers of Ad5
vectors under GMP conditions (13). Unfortunately, the widespread utility of Ad5
recombinant viral vectors is questionable because antigen-specific immune responses
induced by the platform are negatively impacted by anti-vector immunity (32–35). Pre-
existing immunity to Ad5 has been reported to reduce both the magnitude and frequency of
responses to the targeted genes in human clinical trials (32). This is a challenge for Ad5
vector platforms in particular because Ad5 pre-existing immunity in humans is widespread
(24).
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We have previously described the Ad5 [E1-, E2b-] platform as an Ad5 vector containing
deletions in the E1, E2b and E3 regions (14, 15, 20–22). This vector has been reported to
overcome pre-existing Ad5 immunity in murine and NHP models (14, 20–22). Previously,
we reported that HIV-1 transgene CMI responses could be induced by multiple homologous
administrations of Ad5 [E1-, E2b-]-gag in Ad5 immune NHP (22). In the current study, we
expanded on these observations and determined the magnitude of CMI responses that could
be induced by three Ad5 [E1-, E2b-] constructs expressing SIV Gag, SIV Nef or HIV Pol in
Ad5 immune and Ad5 naïve NHP. We found that not only were the Ad5 [E1-, E2b-]
constructs successful at inducing immune responses to each antigen, but these responses
were increased by subsequent administration of the vaccines. The immune response induced
by the Ad5 [E1-, E2b-] vectored transgenes occurred despite pre-existing Ad5 immunity
within the limitations of the statistical comparisons preformed. Ad5 naïve and Ad5 immune
animals mounted similar CMI responses to the target antigens despite various levels of Ad5
immunity. These findings correspond with our results from other studies using HIV-1 and
tumor associated antigens as targets (14, 21–22). In a similar NHP model, Tatsis et al
reported that the CMI response induced by an Ad5 [E1-] vector, the same vector used in the
Merck STEP trial, were significantly affected (p<0.001) by pre-exposure to Ad5 (37). The
mitigating effect of pre-existing Ad5 immunity when vaccinating with Ad5 [E1-] platforms
has also been reported in human immunogenicity studies (24, 31). Clinical trials are needed
to determine if the Ad5 [E1-, E2b-] platform can break through the barrier of Ad5 immunity
in humans as it has in animal models.

Although immune correlates of protection from HIV-1 have not been identified, CD8 T cell
responses in long-term HIV infected non-progressors and elite controllers have been
reported to protect against disease progression and have resulted in some efficacy in NHP
SIV challenge models (38, 39). It has been reported that CD8 T cell and NK depletion in
African green monkeys infected with SIV results in a dramatic increase in SIV viremia,
implicating their role in viral control (40). Recent data from Mullins, et al suggests that
although subtle, the MRKAd5 vaccine used in the Merck STEP trial, which was designed to
induce HIV-specific T cell responses, did successfully block acquisition of some strains of
HIV-1 that had genetically similar Gag, Pol and Nef genes as the vaccine (41). While CMI
responses have resulted in benefits to humans and NHP, their correlates of protection against
immunodeficiency viruses remain unclear and their effectiveness most likely will depend on
several factors including HLA type, what immunizing antigens are used, and route of
immunization.

Although the mechanism of how the Ad5 [E1-, E2b-] platform eludes anti-Ad5 immunity
has not been completely defined, it is believed that the unique deletions of the pol and pTP
regions results in decreased immunogenicity of the vector. It has been demonstrated that
deletion of the pol region in Ad5 vectors results in at least a 10,000-fold reduction in the
production of potent antigenic Ad5 proteins, such as fiber, following infection of human
cells (15). Ad5 vectors deleted for E1 and pol have also been reported to exhibit extended
transgene expression in vivo as compared to Ad5 [E1-] vectors expressing the same
transgene (42). Deletion of the pTP region results in a complete viral replication blockade,
which is believed to reduce an inflammatory immune response directed toward the Ad5
[E1-, E2b-] vector (15). Ad5 [E1-] vectors induce an inflammatory response that leads to the
destruction of transduced cells, thus eliminating expression of the transgene target. These
data suggest that pre-existing Ad5 immunity in a vaccinee does not readily cause destruction
of cells transfected by Ad5 [E1-, E2b-] vectors allowing for extended transgene expression.
We believe that the increased length of time that vector infected cells exist in the vaccinee
can result in a heightened immunity to the transgene target. Of interest in the present study is
the observation that anti-Ad5 vector immune responses appeared to peak and then wane over
time in Ad5 pre-immune NHP despite continued immunizations. In this group, Ad5 NAb
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titers peaked at 14 days after the first immunization and then declined to a newly established
baseline level 28 days after the first immunization then trended downward thereafter. In Ad5
naïve NHP, Ad5 NAb titers and Ad5 directed CMI gradually increased throughout the
course of immunization; however, the Ad5 NAb titers were lower than those observed in
Ad5 immune animals. This may result from reduced antigenicity of the Ad5 [E1-, E2b-]
platform as compared to Ad5 [E1-] vectors.

An important issue to consider when developing a commercial Ad5 vaccine platform is the
effectiveness of the platform to be used to immunize against heterologous disease targets. It
has been reported that repeated Ad5 vectored vaccination in humans with low or no pre-
existing Ad5 immunity fails to boost immunity to the transgene following the first
immunization (32). This indicates acquired Ad5 immunity induced by the primary
immunization is sufficient to suppress subsequent vaccination even if expressing a different
trasgene target. To determine if the Ad5 [E1-, E2b-] platform could be utilized in
homologous vaccination protocols we introduced a third target, HIV Pol, after multiple
administrations of the Ad5 [E1-, E2b-] platform expressing SIV Gag and Nef. A CMI
response was induced against the HIV Pol antigen even in the presence of vector induced
Ad5 immunity of animals in Group 1 resulting from two prior administrations of Ad5 [E1-,
E2b-]-SIV-gag and Ad5 [E1-, E2b-]-SIV-nef and in Ad5-hyperimmune Group 2 that had an
average Ad5 NAb titer of 1:5700 on the day they received their fist Ad5 [E1-, E2b-]-HIV-
pol vaccination. These observations indicate that despite the presence of anti-vector
immunity, an immune response can be generated to the same or a different target.

The pre-clinical studies herein, which compare the immunization of Ad5 naïve and Ad5 pre-
immunized NHP, demonstrate that the Ad5 [E1-, E2b-] platform can induce immunity in
either setting. As a result of these data, Ad5 immunity may no longer be an inhibitory factor
with respect to immunization and encourage the continued development of the Ad5 [E1-,
E2b-] vector as a platform for vaccination against multiple disease targets.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. CMI responses of PBMC from NHP
Ad5 naïve (n=7, circles), Ad5 immune (n=7, squares) and control NHP (n=4, triangles) were
vaccinated with 1010 VP of SIV Ad5 [E1-, E2b-]gag/nef and HIV-1 Ad5 [E1-, E2b-]-pol at
time points indicated by arrows. NHP PBMC responses to Gag (A), Nef (B), Pol (C) and
Ad5 (D) were evaluated by IFN-γ ELISpot assay 14 days after each vaccine immunization.
The symbol * indicates days that there was a significant difference (P<0.05) in the average
CMI response between Ad5 naïve and Ad5 immune Ad5 [E1-, E2b-] vaccinated animals.
For positive controls, splenocytes were exposed to Concanavalin A (Con A) (data not
shown). Error bars depict ± SEM.
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Figure 2. CMI responses of splenocytes from NHP
Upon termination of the NHP on Day 77 post initiation of Ad5 [E1-, E2b-] vaccinations,
splenocytes from Ad5 naïve (n=7), Ad5 immune (n=7) and control NHP (n=4) were
assessed for responses to Gag (black), Nef (striped), Pol (grey) and Ad5 (white) by IFN-γ
ELISpot assay. There were no statistically significant differences detected in the Gag, Nef,
Pol or Ad5 specific responses between the Ad5 naïve and Ad5 immune NHP. Error bars
depict ± SEM.

Gabitzsch et al. Page 13

Vaccine. Author manuscript; available in PMC 2012 October 19.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 3. Ad5 neutralizing antibody titers in sera of vaccinated NHP
The kinetics of Ad5 immune induction was determined by Ad5 NAb titer assay at various
time points during the study. Serum from Ad5 naïve, (G1, circles, n=7), Ad5 immune (G2,
squares, n=7) and control (Ad5 immune) NHP (G3, triangles, n=4) was evaluated for Ad5
NAb throughout the course of immunizations. Arrows indicate study days that the NHP
were exposed to Ad5 through immunizations with Ad5 [E1-]-null (days −98 and −84), SIV
Ad5 [E1-, E2b-]-gag/nef (days 0, 14, 28, 42) and HIV-1 Ad5 [E1-, E2b-]-pol (days 28, 42
and 63). The groups that received the vaccinations are listed below the arrows. The symbol *
indicates days that there was a significant difference (P<0.05) of the average Ad5 NAb titers
between Ad5 naïve and Ad5 immune Ad5 [E1-, E2b-] vaccinated animals. Error bars depict
± SEM.
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