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Abstract
IL-7 and IL-15 are key cytokines involved in the generation and maintenance of memory CD8+ T-
cells. We evaluated these cytokines as molecular adjuvants for topical HIV-1 DermaVir vaccine. We
found that mice receiving DermaVir formulated with HIV-1 Gag plasmid in the presence of IL-7-
or IL-15-encoding plasmid significantly enhanced Gag-specific central memory T-cells, as measured
by a peptide-based cultured IFN-γ ELISPOT. Additionally, IL-15 significantly improved DermaVir-
induced Gag-specific effector memory CD8+ T-cell responses, measured by standard IFN-γ
ELISPOT. In a DermaVir prime/vaccinia vector boost regimen, the inclusion of IL-15 together with
DermaVir significantly improved Gag-specific effector memory T-cell responses. Our study
demonstrates that IL-15 is more potent than IL-7 in enhancing HIV-1-specific central memory T-
cells induced by topical DermaVir. IL-15 adjuvanted DermaVir might be an alternative prime in a
prophylactic vaccine regimen.
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1. Introduction
DNA vaccines represent a potent platform for immunization due to the advantages of allowing
repeated administrations and ease up-scalable manufacturing. Naked DNA vaccines have been
shown to safely induce antigen-specific immunity against a variety of pathogens [1,2];
however, it has become clear that their potency should be improved to elicit antigen-specific
memory T-cell responses. To induce such responses, a topical plasmid DNA-containing
vaccine, DermaVir, has been developed to deliver DNA-encoded antigens into Langerhans
cells (LC), the dendritic cell (DC) precursors in the skin. Unlike naked DNA vaccines,
DermaVir consists of gene-expressing plasmid DNA formulated in a nanoparticle with
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polyethylenimine-mannose (PEIm) and glucose solution [3–6]. PEIm is a cationic polymer
known to be an efficient carrier of DNA that protects the DNA from enzymatic degradation,
promotes the uptake by cells and facilitates the trafficking of DNA into the nucleus, thus
augmenting gene expression [7,8]. We have shown that PEIm-DNA nanoparticles deliver
HIV-1 genes-expressing plasmid DNA, driven by HIV-1-long terminal repeats (LTR), to
cultured autologous monocyte-derived DC, which induce HIV-1-specific T-cell-restricted
immunity in vitro and ex vivo in macaques [9]. Following topical vaccine administration, LC
take up DermaVir nanoparticles and the subsequent DNA gene expression triggers antigen
production and maturation of LC to DC, which in turn migrate to the draining lymph nodes
and present the antigen to naïve T-cells [3,6]. Topical DermaVir immunization with a LTR-
driven plasmid DNA expressing the majority of simian human immunodeficiency virus (SHIV)
proteins has been shown to induce both CD8+ and CD4+ SIV-specific T-cell responses in naïve
rhesus macaques [4], enhance SIV-specific T-cell responses and control viral rebound during
treatment interruptions in chronically SIV-infected rhesus macaques [5].

Cytokines are a group of soluble small proteins that play a crucial role in the development of
an immune response against pathogens. The incorporation of cytokines as vaccine adjuvants
has received great attention in order to enhance the potency of vaccine-induced immune
responses and to modulate the host immune responses for specific situations. Particularly,
cytokines have been added as cytokine-encoding plasmid DNA and used as molecular
adjuvants for naked DNA vaccines [10]. We have shown that topical DermaVir induces
significantly higher HIV-1-specific memory T-cell responses than a naked DNA vaccine given
intramuscularly in a murine model [11]. Therefore, we hypothesized that selected cytokines
might be useful for enhancing DermaVir-induced memory T-cell responses. Recently, IL-7
and IL-15 have emerged as key cytokines involved in regulating the homeostatic turnover of
memory CD8+ T-cells [12–15]. Both naïve and memory T-cell populations are highly
dependent on the presence of IL-7 for their persistence and survival [14,16]. Additionally, IL-7
is critical for the transition from CD8+ effector to memory T-cells [17]. IL-15 is involved in
the generation and maintenance of CD8+ memory T-cells [18,19].

Current studies evaluating HIV-1 vaccine candidates use the standard IFN-γ ELISPOT assay,
which measures IFN-γ secreted by effector and effector memory T-cells. We included in our
study the cultured IFN-γ ELISPOT assay in order to quantify central memory T-cell responses
[20–24]. Studies in the malaria field have shown that the cultured ELISPOT, but not the
standard assay, identified long-lasting protective anti-malarial T-cell responses [22–25]. In the
HIV/AIDS macaque model, recent studies indicate that antigen-specific central memory T-
cells induced by a vaccine regimen are essential for a better outcome and survival after
pathogenic SIV challenge [26,27], consistent with the concept that effective and long-term
antigen-specific immune responses should rely on cells that can rapidly expand after antigen
challenge, that is central memory T-cells [28–30].

The aim of the present study was to evaluate the memory T-cell adjuvant activity of plasmid
DNA encoding IL-7 or IL-15 in the DermaVir nanoparticle in the murine model. Additionally,
we investigated the effect of IL-7 or IL-15 formulated in the DermaVir nanoparticle in a new
DermaVir prime/vaccinia vector boost regimen.

2. Materials and methods
2.1. DNA constructs used for DermaVir formulation

The plasmid DNA used in this study contained either HIV-1 Gag (pGag) [31] or the murine
IL-7 (pIL-7) [32] or IL-15 (pIL-15) [33], under the control of the human CMV immediate early
promoter. The pVax DNA was used as a control vector. DermaVir was formulated with a total
of 25 µg DNA/200 µL with PEIm and dextrose as previously described [4].
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2.2. Topical DermaVir immunization
Female 6–8 week-old Balb/C mice (The Jackson Laboratory, Bar Harbor, ME) were
anesthetized using Avertin (Sigma-Aldrich, St. Louis, MO). The hair of the dorsum was
removed by shaving and the skin was exfoliated with a sponge as previously described [4].
DermaVir (200 µL) was applied on the entire treated area; after air-drying, mice were returned
to the corresponding cages. Animals were cared for in accordance with the guidelines of the
National Institutes of Health (NIH) and the University of Pennsylvania Institutional Care and
Use Committee.

2.3. Study design
Mice (four per group) were topically immunized with control pVax or pGag DermaVir, either
alone or co-formulated with pIL-7 or pIL-15. Immunizations were performed at weeks 0 and
2, without or with an intraperitoneal (i.p.) boost at week 6 with 2.2 × 106 PFU VacV-Gag
[34] (provided by Dr. S. Isaacs, University of Pennsylvania, PA).

2.4. Splenocytes and peripheral cells isolation
Spleens were removed and a single-cell suspension was prepared for each group of mice. The
pooled spleens from each group were crushed and passed trough a 70-□m cell strainer. Cells
were then incubated for 5 min at room temperature with ACK lysing buffer (Biosource,
Rockville, MD) and then washed. Splenocytes were resuspended in culture medium (RPMI
1640 medium containing 2 mM L-glutamine and supplemented with 10% heat inactivated FBS,
100 IU/mL penicillin, 100 µg/mL streptomycin). Retro-orbital bleeding was performed at two
points and a single-cell suspension was prepared for each group of mice. The pooled blood
from each group was incubated for 7 min at room temperature with ACK lysing buffer, washed
and the procedure was repeated twice. Cells were then resuspended in culture medium.

2.5. Synthetic peptides
A total of 123 peptides (15 amino acids in length with an 11-amino acid overlap) corresponding
to the complete HIV-1 Consensus Subtype B Gag sequence were obtained from the NIH AIDS
Research and Reference Reagent Program, suspended in DMSO and divided into four pools,
with 31 (pools 1–3) or 30 (pool 4) peptides/pool, and stored at −20°C until use.

2.6. Standard IFN-γ ELISPOT assay
MultiScreen-IP 96-well plates (Millipore, Bedford, MA) were coated with a monoclonal anti-
mouse IFN-γ capture antibody (Mabtech, Cincinnati, OH), overnight at 4°C. Plates were then
washed and blocked for 2 h at room temperature with culture medium. Cells (2 × 105/well)
were added in triplicate (splenocytes) or in duplicate (peripheral cells) and stimulated in the
presence of culture medium only (negative control), Con A (positive control, 5 µg/mL; Sigma-
Aldrich) or HIV-1 Gag peptide pools (10 µg/mL). After a 24-h incubation at 37°C, cells were
washed followed by an overnight incubation at 4°C with a monoclonal anti-mouse IFN-γ
biotinylated detection antibody (Mabtech). Plates were washed and strepatavidin-alkaline
phosphatase (Mabtech) was added and incubated at room temperature for 1 h. Plates were
washed and the substrate solution (BCIP/NBT, Sigma) was added. The colorimetric reaction
was terminated by washing with tap water; after air-drying, spots were counted using an
automated ELISPOT reader system (CTL Analyzers, Cleveland, OH) with the ImmunoSpot
software. The mean number of spots from triplicate or duplicate wells was adjusted to 1 ×
106 splenocytes. Spots formed in control medium wells ranged from 1 to 5/well (splenocytes)
and from 0 to 5/well (peripheral cells). Assays were also performed after depletion of CD8+

T-cells from splenocytes by using CD8a (Ly-2) MicroBeads specific for mouse cells (Miltenyi
Biotec, Auburn, CA) following manufacturer’s instructions. Magnetic separations were done
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using autoMACS (Miltenyi Biotec). The depleted fractions contained < 3% CD8+ cells, as
determined by flow cytometry.

2.7. Cultured IFN-γ ELISPOT assay
Splenocytes (1 × 106/mL) were plated in each of four wells in a 48-well plate. HIV-1 Gag
peptide pools were added, one pool/well, and cells were cultured at 37°C for 6 days. On day
6, cells from each well were washed twice, counted and suspended at 1 × 106/mL. Cells (1 ×
105/well) were then tested in the same way as the standard ELISPOT assay in response to the
corresponding HIV-1 Gag peptide pool or control medium only. Background levels ranged
from 0 to 3 spots/well.

2.8. IL-4 ELISPOT assay
ELISPOT assays for the detection of IL-4 production were carried out as described in the
standard IFN-γ ELISPOT but using anti-mouse IL-4 ELISPOT kit (Mabtech). Spots formed
in control medium wells ranged from 3 to 9/well.

2.9. Data analysis
Data are expressed as the mean ± SD calculated from triplicate or duplicate wells of pooled
cells from each group. The net number of spots was calculated after subtraction of spots formed
in control medium wells from the number of spots formed in response to each of the four HIV-1
Gag peptide pools used for stimulation. Background immune responses from each control
group was subtracted from the corresponding experimental group (i.e., pGag minus pVax;
pGag + pIL-7 minus pVax + pIL-7; pGag + pIL-15 minus pVax + pIL-15) and the resulting
Gag-specific immune responses between mice immunized with pGag DermaVir alone and
mice co-immunized with pGag + the corresponding IL-encoding plasmid DNA DermaVir
(without or with heterologous boost) were compared. Statistical analysis was determined by
nonparametric Mann-Whitney U test using Statistica for Windows Software (StatSoft, Inc.,
Tulsa, OK). A p value < 0.05 was considered statistically significant.

3. Results
3.1. IL-15 significantly improves DermaVir-induced Gag-specific effector memory T-cell
responses

We examined the capacity of pIL-7 and pIL-15 to enhance DermaVir-induced cellular immune
responses. Mice were topically immunized with control pVax or pGag DermaVir, either alone
or formulated together with pIL-7 or pIL-15, at weeks 0 and 2 (Fig. 1A). At week 3, a pool of
splenocytes obtained from each group was assayed for antigen-specific effector memory T-
cells by standard IFN-γ ELISPOT in response to HIV-1 Gag peptide pools (Fig. 1B). A low
number of IFN-γ spots were detected in the control mice immunized with pVax, pVax + pIL-7,
or pVax + pIL-15 DermaVir. While the antigen-specific IFN-γ response detected in mice
immunized with pGag DermaVir alone was 38.4 spots/million splenocytes, a higher response
was detected in mice co-immunized with pGag + pIL-7 (76.7 spots/million splenocytes).
However, co-immunization with pGag + pIL-15 resulted in the highest antigen-specific IFN-
γ production (100 spots/million splenocytes). After subtracting the background control group
immune response from the corresponding experimental group, Gag-specific IFN-γ response
detected in mice co-immunized with pGag + pIL-15 was significantly higher compared to mice
immunized with pGag (p = 0.009) while the higher response observed in mice receiving pGag
+ pIL-7 compared to pGag DermaVir-immunized mice was not significant (p = 0.104).
CD8+ T-cells mainly mediated the IFN-γ response (Fig. 1B, right panel).
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The frequencies of Gag-specific T-cells producing IL-4 were also assessed by standard
ELISPOT (Fig. 1C). No or low antigen-specific IL-4 response was detected in the control
groups. Mice immunized with pGag DermaVir alone showed an antigen-specific IL-4 response
of 208.3 spots/million splenocytes. Co-immunization with pGag + pIL-7 or pIL-15 also
resulted in a higher IL-4 response (71.7 or 181.7 spots/million splenocytes, respectively) than
the corresponding control group (pVax + pIL-7 or pIL-15, respectively). However, IL-4
production was not enhanced in mice co-immunized with pGag + pIL-7 or pIL-15 compared
to pGag alone; conversely, the inclusion of pIL-7 or pIL-15 slightly decreased Gag-specific
IL-4 responses albeit not significantly (p = 0.22 or p = 0.42, respectively).

3.2. IL-7 and IL-15 significantly enhance DermaVir-induced Gag-specific central memory T-
cell responses

Unlike the standard ELIPSOT assay (that mainly detects antigen-specific effector cells) the
cultured ELISPOT assay detects antigen-specific IFN-γ secreting central memory T-cells.
Pools of splenocytes obtained from each group, at week 3, were first stimulated for 6 days with
each HIV-1 Gag peptide pool and then tested against the corresponding Gag peptide pool by
ELISPOT (Fig. 2). Low or no IFN-γ spots were detected in mice immunized with pVax or
pVax + pIL-7, respectively, while a background level of 125 spots/million cultured splenocytes
was observed in mice co-immunized with pVax + pIL-15. In mice immunized with pGag
DermaVir alone, a value of 150 spots/million cultured splenocytes was documented which was
3.9-fold greater than that detected in the standard ELISPOT (see Fig. 1A). In mice co-
immunized with pGag + pIL-7 or pIL-15, antigen-specific IFN-γ responses increased up to
400 and 550 spots/million cultured splenocytes, respectively; these responses were 5.2-fold or
5.5-fold higher than those detected in the standard ELISPOT (compare with Fig. 1A). The Gag-
specific IFN-γ response induced by pIL-7 and pIL-15 was significantly higher when compared
to pGag alone (p = 0.024 and p = 0.033, respectively). Similarly, experiments performed to
evaluate Gag-specific T-cell proliferative responses by CFSE staining showed that IL-15 had
the highest impact on T-cell expansion, followed by IL-7 (data not shown). This is consistent
with the notion that the higher number of spots detected by the cultured ELISPOT assay is
consequent to proliferation of antigen-specific T-cells during the culture.

3.3. IL-15 significantly improves Gag-specific effector memory T-cell responses in DermaVir
prime/VacV boost regimen

Since both IL-7 and IL-15 enhanced DermaVir-induced antigen-specific memory T-cell
responses, we then investigated the effect of these cytokines when co-formulated with
DermaVir and administered during the prime phase followed by a VacV boost. Mice were
topically DermaVir immunized at weeks 0 and 2 and boosted i.p. at week 6 with an HIV-1
Gag-expressing VacV (VacV-Gag) (Fig. 3A). A pool of peripheral cells (obtained by retro-
orbital bleeding) from each group was assayed for IFN-γ production in response to HIV-1 Gag
peptide pools by standard ELISPOT at weeks 3 and 6 (before VacV-Gag boost). As shown in
Fig. 3B, the pattern of antigen-specific IFN-γ responses observed at week 3 in the peripheral
blood resembles that detected in splenocytes at the same time point (compare with Fig. 1A),
although at a lower magnitude. Specifically, co-immunization with pGag + pIL-15 DermaVir
enhanced (2.3-fold) antigen-specific IFN-γ production compared to pGag alone, while co-
immunization with pIL-7 resulted in a slight enhancement (1.3-fold). At week 6, and before
VacV-Gag boost, mice co-immunized with pGag + pIL-15 still showed the highest antigen-
specific IFN-γ production (Fig. 3C). All groups were then VacV-Gag boosted at week 6 and
the splenocytes harvested at week 8. As shown in Fig. 3D (left panel), boosting with VacV-
Gag enhanced antigen-specific IFN-γ responses in all groups; the number of spots detected in
mice primed with pGag or pGag + pIL-7 were quite similar to that detected in the corresponding
control group (pVax or pVax + pIL-7, respectively) while mice primed with pGag + pIL-15
mounted a 2.1-fold higher number of spots than pVax + pIL-15 primed mice. Only mice primed
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with pGag + pIL-15 mounted a Gag-specific IFN-γ response significantly higher than the pGag
group (p = 0.03), while in mice primed with pGag + pIL-7 the increase was not significant
(p = 0.44). CD8+ T-cells mostly mediated the Gag-specific IFN-γ T-cell responses in all groups
(Fig. 3D, right panel).

VacV-Gag also enhanced antigen-specific IL-4 responses at week 8 (Fig. 3E); the number of
IL-4 spots/million splenocytes was 137.5, 52.5 and 47.5 in mice primed with pVax, pVax +
pIL-7 and pVax + pIL-15, respectively. VacV-Gag boost did not increase IL-4 responses in
mice primed with pGag DermaVir. We noted an enhanced Gag-specific IL-4 response in mice
primed with pGag + pIL-7 compared to mice immunized with pGag alone (p = 0.026), while
a slight augmentation was observed in mice primed with pGag + pIL-15 compared to pGag
alone (p = 0.043).

3.4. IL-15 improves antigen-specific memory T-cell responses in DermaVir prime/VacV boost
regimen

Cultured ELISPOT assays were also performed at week 8 (Fig. 4). Mice primed with pGag
DermaVir mounted a 5.1-fold higher antigen-specific IFN-γ response compared to pVax
control group. Compared to mice primed with pGag DermaVir, mice receiving pGag + pIL-7
DermaVir during the prime mounted a Gag-specific IFN-γ response not significantly different
(p = 0.41), while a 1.8-fold increase of Gag-specific IFN-γ response was detected in mice
primed with pGag + pIL-15 DermaVir, although not significant when compared to mice primed
with pGag DermaVir alone (p = 0.19). These findings are consistent with the concept that the
boost effect recruits memory T-cells to become effectors.

Recent studies have shown the importance of investigating, together with IFN-γ, other CD8+

T-cell functions, such as IL-2 secretion [35,36]. We also analyzed dual IFN-γ/IL-2-secreting
CD8+ T-cells in all groups after VacV-Gag boost in response to HIV-1 Gag peptides. After
background responses from each control group was subtracted from the corresponding
experimental group, the highest percentage of Gag-specific IFN-γ/IL-2-secreting CD8+ T-cells
was detected in mice primed with pGag + pIL-15 DermaVir (0.12%) while in mice primed
with pGag and pGag + pIL-7 was 0.05% and 0%, respectively (data not shown).

Discussion
Considerable evidence suggests that cytokine adjuvants can be used to enhance naked DNA
vaccines immunogenicity. Although DermaVir is a DNA-containing vaccine, it differs from
naked DNA vaccines: (i) the plasmid DNA is not naked but complexed with a chemical vector,
PEIm, to form a nanoparticle that mimics a pathogen [3–6]; (ii) through this chemical vector,
topically administered DermaVir vaccine specifically targets LC that are distributed in a dense
network throughout the epidermis [3,6]; (iii) the expression of the DNA-encoded antigen
occurs in the draining lymph nodes [3,6]; (iv) antigen-specific memory T-cell responses are
induced [11,37]. We examined the in vivo activity of cytokine-encoding plasmid adjuvants on
antigen-specific T-cell responses in mice topically immunized with DermaVir. By co-
formulating pIL-7 or pIL-15 in the HIV-1 DermaVir nanoparticle, we show that both IL-7 and
IL-15 prime memory responses, but only IL-15 boosts them.

IL-15 appears to be an important T-cell immunity adjuvant [33,38,39]. It has effects on memory
T-cell responses when administered as a plasmid DNA [33], or encoded by a VacV [40], or as
a recombinant protein [41]. Few studies have evaluated the activity of IL-7 as a plasmid DNA
[32] or recombinant protein [41] as vaccine adjuvants. We found that adjuvantation of
DermaVir vaccination with pIL-7 or pIL-15 results in enhanced antigen-specific effector
CD8+ T-cells, but does not increase IL-4 responses, consistent with the concept that these
cytokines exert a Th1 biased adjuvant effect. Importantly, the quality of these responses was
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affected by the vaccination regimen. In the DermaVir prime/VacV boost regimen, antigen-
specific IL-4 responses were enhanced after the boost in mice primed with pIL-7 adjuvanted
DermaVir. Sin et al. [32] reported that pIL-7 co-injected with antigen in a naked DNA form
could drive antigen-specific Th2-type and/or CTL responses. Since we did not observe a Th2-
type response after pIL-7 adjuvanted DermaVir vaccination in the absence of heterologous
boost, it is possible that VacV contributed to the IL-7 capability to activate T-cells and generate
the Th2-type cytokine production. This is consistent with the observation that the incorporation
of pIL-7 in the DermaVir prime/VacV boost did not enhance Gag-specific IFN-γ response, as
IL-4 suppresses Th1-type cytokine expression by CD8+ T-cells [42–44].

In our experimental conditions IL-15 is superior to IL-7 as a Th1 adjuvant. IL-15 promotes
monocyte differentiation into DC with LC-like characteristics and enhances their antigen
presenting functions [45]. DermaVir has been designed to target LC [3–6]. It is possible that
pIL-15 facilitates the activation and maturation of DC after DermaVir vaccination, resulting
in an enhanced immune response.

We have recently shown that topical DermaVir prime/intramuscular protein boost prophylactic
vaccine regimen in the macaque model elicits antigen-specific central memory T-cell responses
that are effective in controlling pathogenic SHIV infection [37]. Here, we show that DermaVir
elicits antigen-specific central memory T-cell response, which can be enhanced by IL-15 or
IL-7, suggesting that DermaVir prime might be efficient in a prophylactic vaccine regimen.

In summary, our studies demonstrate that IL-15 is a promising DermaVir adjuvant to enhance
antigen-specific central memory-type T-cells in a prime-boost setting. Additional studies in
primates are required to establish the role of this cytokine as adjuvant in prophylactic DermaVir
vaccination.
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Fig. 1.
Antigen-specific effector memory T-cell responses induced by topical DermaVir adjuvanted
with IL-7 or IL-15. (A) Mice (four per group) were topically immunized at weeks 0 and 2 with
control pVax or pGag DermaVir, either alone or co-formulated with pIL-7 or pIL-15 (25 µg
total DNA/immunization). Analyses were performed at week 3 in response to four HIV-1 Gag
peptide pools by standard ELISPOT. (B) IFN-γ production in total (left panel) and CD8+ T-
cell depleted (right panel) splenocytes. (C) IL-4 production in total splenocytes. Net number
of spots was determined by subtracting the number of spots formed in control medium wells.
Asterisk indicates a Gag-specific response (calculated by subtracting the background responses
detected in each control group from the corresponding experimental group) that is significantly
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different (p < 0.05) between pGag DermaVir-immunized mice and mice co-immunized with
pGag + the corresponding IL-encoding plasmid DNA DermaVir.
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Fig. 2.
Antigen-specific central memory T-cell responses induced by topical DermaVir adjuvanted
with IL-7 or IL-15. Mice (four per group) were topically immunized at weeks 0 and 2 with
control pVax or pGag DermaVir, either alone or co-formulated with pIL-7 or pIL-15 (25 µg
total DNA/immunization). IFN-γ production in response to four HIV-1 Gag peptide pools was
evaluated by cultured ELISPOT in total splenocytes at week 3. Net number of spots was
determined by subtracting the number of spots formed in control medium wells. Asterisk
indicates a Gag-specific response (calculated by subtracting the background responses detected
in each control group from the corresponding experimental group) that is significantly different
(p < 0.05) between pGag DermaVir-immunized mice and mice co-immunized with pGag +
the corresponding IL-encoding plasmid DNA DermaVir.
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Fig. 3.
Antigen-specific effector memory T-cell responses induced by topical DermaVir prime/VacV
boost regimen. (A) Mice (four per group) were topically immunized at weeks 0 and 2 with
control pVax or pGag DermaVir, either alone or co-formulated with pIL-7 or pIL-15 (25 µg
total DNA/immunization) and boosted at week 6 with 2.2 × 106 PFU VacV-Gag (i.p.). IFN-
γ production in response to four HIV-1 Gag peptide pools was evaluated by standard ELISPOT
at weeks (B) 3 and (C) 6 (before boost) in peripheral cells obtained by retro-orbital bleeding.
At week 8, (D) IFN-γ production in total (left panel) and CD8+ T-cell depleted splenocytes
(right panel) and (E) IL-4 production in total splenocytes were evaluated by standard ELISPOT.
Net number of spots was determined by subtracting the number of spots formed in control
medium wells. Asterisk indicates a Gag-specific response (calculated by subtracting the
background responses detected in each control group from the corresponding experimental
group) that is significantly different (p < 0.05) between pGag DermaVir-immunized mice and
mice co-immunized with pGag + the corresponding IL-encoding plasmid DNA DermaVir.
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Fig. 4.
Antigen-specific central memory T-cell responses in splenocytes induced by topical DermaVir
prime/VacV boost regimen. Mice (four per group) were topically immunized at weeks 0 and
2 with control pVax or pGag DermaVir, either alone or co-formulated with pIL-7 or pIL-15
(25 µg total DNA/immunization) and boosted at week 6 with 2.2 × 106 PFU VacV-Gag (i.p.).
IFN-γ production in response to four HIV-1 Gag peptide pools was evaluated at week 8 in total
splenocytes by cultured ELISPOT. Net number of spots was determined by subtracting the
number of spots formed in control medium wells.
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