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Abstract
Pre-existing immunity to adenovirus (Ad) reduces the efficacy of Ad-based vaccines. The goal of
this study was to define the prevalence, magnitude, functionality and phenotype of Ad-specific
human T cells directly ex vivo. To study the magnitude of T-cell responses to Ad, we developed a
highly reproducible whole Ad vector stimulation assay for use with polychromatic flow cytometry.
Ad-specific CD4+ and CD8+ T cell were detected in all 17 human subjects tested and were capable
of proliferating upon restimulation. Ad-specific CD4+ T cells were primarily monofunctional
CD4+ T cells that produced IL-2, IFN-γ or TNFα and expressed the memory markers CD27 and
CD45RO. In contrast, Ad5-specific CD8+ T cells were more polyfunctional, expressing effector-like
combinations of IFN-γ, MIP1α and perforin, and generally lacked CD27 and CD45RO expression.
Ad-specific CD4+ and CD8+ T cell responses against chimpanzee-derived AdC6 and AdC7 were
found in all subjects, indicating the commonality of cross-serotype reactivity of Ad-specific T cells.
This cross-reactivity is due in part to extensive CD4+ and CD8+ T cell recognition of hexon regions
conserved between multiple Ad serotypes. The prevalence, cross reactivity and effector like functions
of Ad-specific T-cells in humans may affect the efficacy of Ad vector-based vaccines by eliminating
vector infected cells even when rare serotype Ad vectors are employed.

Introduction
Adenoviruses (Ad) vectors are commonly used as vaccine carriers because of their ability to
induce insert-specific CD8+ T cell responses. However, pre-existing Ad-specific immunity
represents a major obstacle for Ad-based vaccines(Casimiro and others 2004; Casimiro and
others 2003). In animal models and humans, vaccination is less effective in the presence of
neutralizing antibodies (nAb)(Casimiro and others 2003; Priddy and others 2008; Yang and
others 2003). It has also been shown that significant levels of nAb are generated after a single
Ad5 injection, thereby reducing the efficacy of a homologous vaccine boost(McCoy and others
2007). The prevalence of nAb to the commonly used Ad5 varies worldwide, and was shown
to be as high as 90% in Africa. Seroprevalence of the other ∼50 identified human Ads also
fluctuate globally with the occurrence of natural infection. To avoid the potential limitations
imposed by preexisting immunity, vectors based on alternative Ad serotypes are in
development, including Ad26, 35, 48, and the chimpanzee-derived AdC6, C7, and C68.
Neutralizing titers to these various rare Ad serotypes are typically low in humans, with
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seroprevalence to AdC6 and AdC7 less than 5% of adults in the United States and less than
10% seropositive in equatorial Africa, the natural habitat for chimpanzees(Xiang and others
2006).

Although the prevalence and effects of Ad-specific nAb on vaccine efficacy have been studied,
little work has been done to characterize the naturally occurring T cell response to Ad, or the
potential of Ad-specific T cells to influence Ad-based vaccine efficacy. Ad-specific CD8+ T
cell responses can limit the effectiveness of Ad-vectored vaccines in animal models(McCoy
and others 2007; Sumida and others 2005), presumably due to the direct elimination of vector-
transduced antigen presenting cells. Such studies, however, have not been performed in the
setting of natural Ad infections in the human. Ad-specific T cells have been detected ex vivo
in humans, both before and after Ad vector vaccination, in peripheral blood and mucosal tissues
(Calcedo and others 2009; Leen and others 2008; Leen and others 2005; Leen and others
2004; McElrath and others 2008). Several MHC class II-restricted CD4+ T cell epitopes have
been identified in the Ad5 hexon, residing primarily in regions conserved between disparate
Ad serotypes, such as the HLA-DP4 restricted CD4+ T cell epitope (hexon 910-924)(Leen and
others 2008; Tang and others 2004; Veltrop-Duits and others 2006). MHC class I restricted
CD8+T cell epitopes have also been identified in the Ad hexon, penton, and fiber(Leen and
others 2008; Tang and others 2006). Responses to Ad appear to be almost ubiquitous in the
human population(Calcedo and others 2009; McElrath and others 2008); however, beyond
simple quantification, little is known regarding the functionality and phenotype of Ad-specific
CD4+ and CD8+ T cells in humans. Moreover, while serotype cross reactivity has been noted
for both Ad-specific CD4+ and CD8+ T cells, it is unclear whether Ad-specific T cells cross-
reacting with a disparate Ad serotype will function in a similar manner.

To address these issues, we have developed a highly reproducible polyfunctional flow
cytometry-based assay to quantify and characterize Ad-specific CD4+ and CD8+ T cells
directly ex vivo from human peripheral blood lymphocytes. Herein, we describe the functional
and phenotypic properties of human Ad-specific T cells against human Ad5 and cross-reactive
responses against chimpanzee-derived AdC6 and AdC7.

Material and Methods
Subjects

Peripheral blood mononuclear cells (PBMCs) were obtained from apheresis of HIV and HCV
negative adult healthy donors by the University of Pennsylvania Center for AIDS Research
Immunology Core, under the institutional guidelines required for conduct of experiments on
human samples.

Vector
Ad5, C6 and C7 vector was prepared using previously described methods16. For cell
stimulation we used an E1-deleted Ad5 vector that expressed the rabies virus glycoprotein
(Crawford-Miksza and Schnurr 1996; De Jong and others 1999). The Ad5 vector was grown
on HEK293 cells in DMEM supplemented with 10% fetal calf serum, antibiotics and glutamine
(Olive and others 2002). Vectors were purified by CsCl gradients and quality controlled
(infection unit to vp ratios, lack of replication competent Ad5 virus, genome integrity, lack of
LPS contamination, sterility)

Antibodies
Directly conjugated antibodies were obtained from the following: BD Biosciences (San Jose,
CA): TNFα (Pe-Cy7), IFN-γ (Alexa700); Caltag (Carlsbad, CA): CD14 (APC-Alexa750),
CD19 (APC-Alexa750), and CD4 (Pe-Cy5.5); Beckman Coulter (Fullerton, CA): CD8 (ECD),
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CD27 (Pe-Cy5) and R&D systems (Minneapolis, MN): MIP1α (FITC), and IL-2 (APC). The
following antibodies were conjugated in our laboratory: CD3 (QD585), CD57 (QD565),
CD45RO (QD705), and Perforin (PacBlue). The unconjugated CD45 and CD57 were obtained
from AbD Serotec (Raleigh, NC), perforin from Diaclone (Besançon, France) and CD3 OKT3
from American Type Culture Collection (Manassas, VA). Pacific Blue and Quantum Dots were
obtained from Invitrogen (Carlsbad, CA).

Cell Stimulation and Staining
T cell responses were measured to whole replication defective AdH5, AdC6 and AdC7 vectors
expressing an antigen to which only very few humans are immune (rabies glycoprotein). To
measure responses, 2×106 PBMCs were incubated overnight with 1×1011 Ad vp and
costimulatory antibodies (αCD28 and 49d, 1 μg/ml; BD Biosciences) at 37°C and 5% CO2 in
1 ml complete RPMI media (RMPI 1640 with 10% heat inactivated FBS, 100 U/mL Penicillin,
100 μg/mL streptomycin sulfate and 1.7 mM sodium glutamate). A positive control was
stimulated with Staphylococcus enterotoxin B (SEB, 1 μg/ml; Sigma-Aldrich) and a negative
control received only costimulatory antibodies. The following morning each of the secretion
inhibitors Monensin (Golgi Stop, 0.7 μg/ml; BD Biosciences) and Brefeldin A (1 μg/ml; Sigma-
Aldrich) were added to each sample and the cells were incubated for six hours at 37°C and 5%
CO2. Samples were then washed (PBS with 1% BSA and 0,1% sodium azide) and stained for
viability (Aqua live/dead amine reactive dye; Invitrogen) followed by treatment with surface
antibodies. The cells were then washed, permeabilized and fixed using the Cytofix/Cytoperm
kit (BD Biosciences) then stained with intracellular fluorochome-labeled antibodies.
Following staining cells were washed, fixed (2% paraformaldehyde in PBS) and stored at 4°
C in the dark until analysis.

Flow Cytometry
Cells were analyzed on a modified LSR II flow cytometer (BD Immunocytometry Systems,
San Jose, CA) with 200,000 to 1,000,000 events collected per sample. Data analysis was
performed using FlowJo 8.7.1 (TreeStar, San Carlos, CA). Cells were initially gated on using
forward scatter area versus forward scatter height to remove doublets followed by a
lymphocytes gate an forward scatter area versus side scatter area. Dead cells were then removed
by gating CD3 versus Aqua blue removing dead cells that are Aqua blue bright. Contaminating
CD14+/CD19+ cells were then removed before gating sequentially on CD3+, CD8+/CD4+ and
CD4-/CD8- versus IFNγ to account for receptor down-regulation. A gate was then made for
each respective function and the Boolean gating platform used to create the array of 32 possible
functional combinations. Data are reported after background subtraction of the no stimulation
condition.

Statistics: variability in the assays was tested using Levene's robust variance test with Brown
and Forsythe's 10% trimmed mean alternative. This method is robust to non-normality in the
data. Analyses were conducted using Stata MP 10.0. The T-cell response to different vectors
and peptide pools were compared using a Friedman Statistic. This method is similar to an
ANOVA for non-parametric matched data. When two groups were compared a wilcoxons sum
rank test, a non-parametric t-test, was used.

Results
Optimization of Ad particle stimulation for Ad-specific T cell responses by intracellular
cytokine staining

Previous studies of Ad-specific T cell responses have focused primarily on Ad hexon protein-
specific T cell responses using ELISpot assays. To more completely quantify and characterize
human Ad-specific T cell responses, we developed a stimulation procedure using intact Ad
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particles, followed by a standard intracellular cytokine staining (ICS) assay. Initially, we
determined the optimal concentration of intact Ad particles to maximize expression within
peripheral blood mononuclear cells (PBMC) for presentation to T cells. We incubated an Ad5
vector expressing green fluorescent protein (GFP) at various concentrations ranging from
1×109 vp to 1×1011 with PBMC for 18 hrs and assessed GFP expression in B cells (CD19+),
monocytes (CD14+), T cells (CD3+/CD4+/CD8+), or the remaining PBMC negative for these
markers. After an overnight incubation, GFP was detected in CD14+ monocytes and CD19+

B cells in a dose dependent manner (Figure 1A). No GFP was expressed in other cell types.
Along with increasing vector concentration we also detected an Ad-specific CD4+ and CD8+

T cell response as measured by IFN-γ production (Figure 1B) that appeared to increase in
frequency with the Ad dose applied to the cells. To confirm the optimal concentration of Ad5
vector for stimulation, we titrated the vector from 1×109 vp to 1×1011 vp Ad5 using PBMC
from 6 normal donors. Optimal IFN-γ expression was observed at the maximal dose of 1 ×
1011 Ad particles/million PBMC (Figure 1C).

Polyfunctional analysis of Ad-specific T cell responses
Having established the optimal conditions to detect IFN-γ producing Ad-specific T cells using
whole Ad particles, we next adapted the procedure to a polychromatic flow cytometry panel
that simultaneously detects T cell memory phenotype and 5 unique effector functions, i.e. IL-2,
IFN-γ, TNFα, MIP1α, and perforin, along with standard T cell lineage markers, and exclusion
markers. To ensure that we were detecting only Ad-specific T cells and minimizing
background, we followed a strict gating strategy that removes dead cells as well as CD14+

monocytes and CD19+ B cells. We were able to detect Ad-specific CD4+ and CD8+ T cells
capable of eliciting multiple functions after stimulation (Figure 2A). We next re-evaluated our
Ad vector titration to determine if there were differential functional responses based on vector
dose. The Ad-specific T cell response was similar at all vector concentrations for CD8+ T cells,
which produced a combination of IFN-γ, TNFα and perforin and small amounts of IL-2.
CD4+ T cells predominantly produced IFN-γ, IL-2, and TNFα (Figure 2B, average of six
subjects). At 1×1011 vp Ad5 the percentage of CD4+ and CD8+ T cell producing only IFN-γ
was appreciably higher than the other functional combinations. Finally, we examined the
reproducibility of the assay system in the setting of simultaneous IL-2, IFN-γ, and TNFα
production (Figure 2C). Using cryopreserved samples, we measured the Ad-specific T cell
response at the 1×1011 Ad particle dose with the same batch of PBMC obtained from a single
donor on seven separate days. The variability in Ad-specific CD4+ and CD8+ T cell frequency
producing IL-2, TNFα, and IFN-γ was low, and significantly lower than the range of variability
observed for the superantigen positive control (SEB, p<0.05).

Ad5-specific CD4+ and CD8+ T cells are common in humans
We next assessed the functionality and phenotype of Ad5 reactive T cells in 17 healthy adults.
CD4+ and CD8+ T cell responses to Ad5 were detected in all subjects. Most subjects had
primarily monofunctional CD4+ T cells that produced IL-2, IFN-γ or TNFα (Figures 3A, C).
In contrast, Ad5-specific CD8+ T cells were more polyfunctional, expressing effector-like
combinations of IFN-γ, MIP1α and perforin (Figures 3B, D). With the exception of
monofunctional responses, nearly all Ad5-specific CD8+ T cells produced perforin together
with at least one other function (Figure 3D). Ad5-specific CD4+ and CD8+ T cells were also
capable of proliferating upon stimulation (Figure 3E). Ad-specific CD4+ T cells generally
exhibited a central memory-like phenotype (CD27+CD45RO+) with a small contribution of
effector memory (CD27-CD45RO+) cells (Figure 3F, left panel). In marked contrast, the
majority of Ad-specific CD8+ T cells displayed an effector-like phenotype
(CD27-CD45RO-), with a smaller contribution of central memory-like cells (Figure 3F, right
panel).
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Ad5 hexon-specific responses are commonly observed in humans and are directed against
both conserved and variable regions

Next, we determined whether Ad5 hexon-specific responses were directed against conserved
or variable hexon regions. We also assessed the functionality of responses to the different
regions of hexon. The latter analysis was conducted to elucidate differences in responses to
the constant regions that had presumably been recalled repeatedly due to infections with
different Ad serotypes and those to the variable loops that presumably have a different
stimulation history. Starting with overlapping 15-mer peptides spanning the hexon amino acid
sequence, we divided the conserved regions into 4 linear pools of ∼ 44 peptides each (C1-C4),
and made a single pool consisting of peptides from variable (V) regions. We could readily
detect CD4+ T cell responses to all 5 pools (Figure 4A, open bars), indicating that CD4+ T
cells can recognize epitopes spread throughout the hexon, with the largest responses in the C2,
C3, and V pools. There was no significant difference in the summation of the total response
between the C2 and C3 pools compared with the V pool, while responses to the C1 (p<0.001)
and C4 (p<0.02) pools were significantly lower. Perforin production tended to be low in the
Ad-specific CD4+ T cells, while IL-2, IFN-γ, MIP1α, and TNFα dominated the responses.
While there were multifunctional responses (two or more functions simultaneously), the bulk
of Ad-specific CD4+ T cells were monofunctional (Figure 4B, top), producing either IFN-γ,
IL-2, TNFα, or MIP1α only (Figure 4C, top). The CD4+ T cell responses against the hexon
peptide pools were similar in functionality compared to the whole Ad vector, with the exception
that whole Ad vector responses were dominated by IFN-γ production, while responses elicited
by hexon peptides tended to skew to TNFα production (Figure 4C, top). This difference may
be attributed to the different assay conditions used for testing whole vector (overnight) vs.
hexon peptides (6 hrs), or could reflect different levels of antigenic stimulation.

CD8+ T cells also responded potently to Ad hexon (Figure 4A, grey bars). The magnitude of
responding CD8+ T cells was higher than that of CD4+ T cells with the largest responses against
the C3 and V pool. In contrast to hexon-specific CD4+ T cells, perforin, TNFα, and MIP1α
dominated the hexon-specific CD8+ T cell responses, and IL-2 and IFN-γ tended to be lower.
The overall level of functionality in the hexon-specific CD8+ T cell response tended to be
higher than the CD4+ hexon-specific response, with the majority of CD8+ T cells responding
by at least two functions (Figure 4B, bottom). Similar to whole Ad vector responses, hexon-
specific CD8+ T cells were highly skewed towards effector like activity, with perforin clearly
dominating the entire response. With the exception of monofunctional responses, perforin was
present in combination with another function in nearly every hexon-specific CD8+ T cell
(Figure 4C, bottom). There was no apparent difference in functionality between hexon-specific
CD8+ T cell responses directed against conserved or variable regions.

Cross-serotype reactivity of Ad-specific T cells in humans
To test the ability of Ad-specific T cells to cross-react with disparate Ad serotypes, we
examined T cell responses against the chimpanzee-derived adenoviruses AdC6 and AdC7,
which are only rarely found in humans. In all subjects examined CD4+ T cells responded to
Ad5, AdC6 and AdC7, demonstrating a high level of cross-serotype reactivity. The
predominant functional response differed between the vectors, with Ad5 and AdC7 inducing
mainly IFN-γ, while AdC6 induced primarily TNFα (Figure 4A). Despite these differences,
the overall functionality of the Ad-specific CD4+ T cell response was quite similar between
all three vectors (Figure 4B, C). The CD4+ T cell response to AdC6 was significantly larger
than to Ad5 (p<0.01). Cross-serotype reactive Ad-specific CD8+ T cells were also present in
every donor, with no differences in magnitude and a similar degree of functionality (Figure
4B, C). There was no significant difference in the total magnitude of the CD8+ T cell response
to Ad5, AdC6 and AdC7, and the functional profiles of cross-reactive Ad-specific CD8+ T
cells were also similar.

Hutnick et al. Page 5

Vaccine. Author manuscript; available in PMC 2011 February 23.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Discussion
Ad vectors are commonly used to deliver transgenes in gene transfer and vaccination. It is well
known that Ad-specific neutralizing antibodies can limit the effectiveness of Ad-based vectors;
however the potential role of Ad-specific T cells to further curtail Ad vector efficacy is unclear.
Here we provide a minimal estimate of the level of Ad-specific T cell responses in humans.
We find that Ad-specific T cell responses are universal, as every subject we tested had a
detectable CD4+ and CD8+ T cell response against Ad5, despite a seroprevalence of only 40%
in the United States.

Our findings indicate that Ad-specific T cells are readily detectable using replication defective
Ad particles or Ad hexon peptides. Although the response magnitude against each particular
stimulant may vary between subjects, both CD4+ and CD8+ T cells responded in a similar
fashion. Interestingly, Ad-specific T cells appear to be maintained continually in an effector
like state, particularly Ad-specific CD8+ T cells. Unlike our observations for common human
viral pathogens, including cytomegalovirus, Epstein-Barr virus, and Influenza, Ad-specific
CD8+ T cells are highly prone to effector function upon stimulation (Makedonas, et al.,
manuscript in preparation). This is further manifested in the effector-like memory phenotype
maintained by a substantial proportion of the Ad-specific CD8+ T cell response. Due to
extensive sequence homology between various human Adenovirus serotypes, Ad-specific T
cells in part cross-react and are likely repeatedly stimulated by periodic infections with different
Ad serotypes(De Jong and others 1999; Leen and others 2004; Tang and others 2004). As a
result, human Ad-specific CD8+ T cells are unlikely to be restricted specifically to a single Ad
serotype, and able to recognize not only targets infected with virus homologous to the vector
used for expansion but also heterologous virus from diverse serotypes. This high level of cross-
reactivity very likely leads to the continual maintenance of Ad-specific CD8+ T cells in an
effector-like state, as humans are expected to be repeatedly infected with different serotypes
of Ad. Furthermore, Ad viruses persist in lymphatic tissues and if they remain transcriptionally
active this would further maintain T cells at an activated state(Tatsis and others 2007).

One reason for the divergence between Ad serostatus and Ad responsive T cells is the presence
of common T cell epitopes in conserved regions of the Ad hexon protein, which accounts for
∼80% of the entire hexon sequence. Similar to previous findings obtained with CD4+ and
CD8+ T cell lines9, we find that both CD4+ and CD8+ T cell responses can be detected against
the conserved and variable hexon peptide pools. Conservation of T cell epitopes in hexon leads
to cross-reactivity even among divergent serotypes from chimpanzees, AdC6 and AdC7.
Because of this high degree of cross-reactivity, it is impossible to know whether, for example,
Ad5-reactive T cells are truly Ad5-specific and generated from natural Ad5 infection, or simply
cross-reacting with Ad5 following infection with another Ad serotype. Finally, due to this
extensive cross-reactivity, it is likely that transgene product-specific immune responses
induced by Ad vectors derived from rare human serotypes, which are currently under
development, may still be affected by Ad-specific cytotoxic T cells capable of recognizing Ad
vector transduced cells.
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Figure 1.
Measuring Adenovirus Specific T-cell responses following whole vector stimulation. PBMCs
from healthy adults were cultured overnight at 37°C in 5% CO2 with Ad5 vector and
costimulatory antibodies αCD28 and αCD49d. The following morning golgi secretion inhibitor
brefeldin A and monensin were added for 6 hours before standard intracellular cytokine
staining. A) PBMCs were incubated with 1×109-1×1011 vp Ad5 expressing green fluorescent
protein (GFP). The upper graphs show GFP expression in CD14+ monocytes and CD19+ B-
cells, the lower graph shows expression in CD3+ T-cells. B) PBMCs were stimulated with
1×109-1×1011 vp Ad5 vector and CD4+ and CD8+ T-cell responses were measured by IFN-γ
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production. C) Ad-specific IFN- γ + CD4 and CD8 T-cell responses were measured in seven
donors following stimulation with 1×109-1×1011 vp Ad5.
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Figure 2.
Adenovirus Particle Stimulation for Measuring Polyfunctional Ad-specific T-cell Responses.
A) Gating strategy for determining Ad-specific CD4+ and CD8+ T-cells producing IL-2 IFN-
γ MIP1α, Perforin and TNF α. B) Polyfunctional CD4+ and CD8+ T-cell responses following
stimulation with 1×109-1×1011 vp Ad5. C) PBMCs from a single donor were stimulated with
1×1011 vp Ad5 on 7 different days to test the reproducibility of the whole vector stimulation
assay. The percentage of CD4+ T-cells producing IL-2, IFN-γ and TNF α was compared
following Ad vector and positive control streptococcus enterotoxin B (SEB) stimulation. The
degree of variability was significantly less (p<0.05) following Ad stimulation compared with
SEB.
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Figure 3.
Adenovirus 5 specific T-cell responses are common in humans. We assessed the functionality
and phenotype of Ad5-specific T-cells in 17 healthy adults by stimulating PBMCs with whole
Ad5 vector and performing intracellular cytokine staining. A) The percentage of Ad5-specific
CD4+ T-cells producing IL-2, IFN-γ MIP1α, Perforin and TNFα. B) The percentage of Ad5-
specific CD4+ T-cells producing IL-2, IFN-γ, MIP1α, perforin and TNFα. C) The average
polyfunctional Ad5-reactive CD4+ T-cell response from 17 donors. D) The average
polyfunctional Ad5-reactive CD8+ T-cell response from 17 donors. E) Ad5-reactive CD4+ and
CD8+ T-cells proliferate in response to Ad5 stimulation. The percentage of CFSE low dividing
cells is shown following no stimulation or stimulation with Ad5 vector. F) Memory phenotype
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of Ad5-specific CD4+ and CD8+ T-cells. Memory phenotype of all CD4+ and CD8+ T-cells is
shown in grey. Red dots represent Ad-specific cells positive for IL-2, IFN-γ, MIP1α, Perforin
and or TNFα. Ad5-specific CD4+ cells are primarily central memory like (CD27+CD45RO+)
and effector memory (CD27-CD45RO+) phenotypes. Ad5-specific CD8+ T-cells are primarily
effector (CD27-CD45RO-) and central memory like (CD27+CD45RO+) phenotypes.
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Figure 4.
Ad5-specific T-cell recognize variable and conserved regions of the hexon. We assessed the
functionality and phenotype of Ad5-specific T-cells in 17 healthy adults by stimulating PBMCs
with overlapping 15mer Ad5 hexon peptides. Approximately 35 peptides were combined into
5 pools: 1 for all sequences in the variable regions of the hexon, and 4 containing linear
sequences within the conserved regions of the hexon. A) The percentage of CD4+ and CD8+

T-cells responding to the conserved 1 (C1), conserved 2 (C2), conserved 3 (C3), conserved 4
(C4), and variable (V) hexon pools. Cells staining positive for IL-2, IFN-γ, MIP1α, Perforin
and or TNFα were summed to compute the total percentage of responding cells. CD4+
responses are depicted in white bars and CD8+ responses in grey. Center line represent the
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mean with whiskers depicting the standard error. B) Percentage of Ad-specific cells with a
polyfunctional response. Pies represent all responding Ad-specific cells making IL-2, IFN-γ,
MIP1α, Perforin and or TNFα following stimulation with Ad5 vector or Ad5 hexon pools C1,
C2, C3, C4 or V. Each slice represents the proportion of the cells producing four of five
cytokines (blue), three of five (green), two of five (yellow) and one of five (orange). C)
Percentage of Ad-specific cells with a polyfunctional response. Bars represent the percentage
of CD4+ (top) and CD8+ (bottom) T-cells making each combination of IL-2, IFN-γ, MIP1α,
Perforin and or TNFα following stimulation with Ad5 vector (blue) or Ad5 hexon pools C1
(red), C2 (neon green), C3 (orange), C4 (pink) or V (dark green). Plus signs represent cells
staining positive (+) for each cytokine.
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Figure 5.
Ad-specific T-cells are cross reactive. Cross reactivity of Ad-specific T-cells was measured in
seventeen healthy donors by stimulating PBMCs overnight with human Adenovirus 5 (Ad5),
and chimpanzee 6 (AdC6) and chimpanzee 7 (AdC7) followed by intracellular cytokine
staining. A) The total percentage of Ad5, AdC6 and AdC7 CD4+ (top row) and CD8+ (bottom
row) T-cells. Ad-specific cells stained positive for IL-2, IFN-γ, MIP1α, Perforin and or
TNFα. B) Percentage of Ad-specific cells with a polyfunctional response. Pies represent all
responding Ad-specific cells making IL-2, IFN-γ, MIP1α, Perforin and or TNFα following
stimulation with Ad5 AdC6 or AdC7 vector. Each slice represents the proportion of the cells
producing four of five cytokines (blue), three of five (green), two of five (yellow) and one of

Hutnick et al. Page 16

Vaccine. Author manuscript; available in PMC 2011 February 23.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



five (orange). C) Percentage of Ad-specific cells with a polyfunctional response. Bars represent
the percentage of CD4+ (top) and CD8+ (bottom) T-cells making each combination of IL-2,
IFN-γ, MIP1α, Perforin and or TNFα following stimulation with Ad5 (black) AdC6 (pink) and
AdC7 (purple) vector. Plus signs represent cells staining positive (+) for each cytokine.
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