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Background. Recombinant DNA and modified vaccinia virus Ankara (rMVA) vaccines represent a promising
approach to an HIV/AIDS vaccine. This Phase 1 clinical trial compared the safety and immunogenicity of a rMVA
vaccine administered with and without DNA vaccine priming

Methods. GeoVax pGA2/]JS7 DNA (D) and MVA/HIV62 (M) vaccines encode noninfectious virus-like
particles. Intramuscular needle injections were used to deliver placebo, 2 doses of DNA followed by 2 doses of IMVA
(DDMM), one dose of DNA followed by 2 doses of rMVA (DMM), or 3 doses of tMVA (MMM) to
HIV-seronegative participants.

Results. Local and systemic symptoms were mild or moderate. Immune response rates for CD4 + and CD8 +
T cells were highest in the DDMM group and lowest in the MMM group (77% vs 43% CD4 + and 42% vs 17%
CD8 +). In contrast, response rates for Env binding and neutralizing Ab were highest in the MMM group. The
DMM group had intermediate response rates. A 1/10th-dose DDMM regimen induced similar T cell but reduced Ab
response rates compared with the full-dose DDMM.

Conclusions. MVA62 was well tolerated and elicited different patterns of T cell and Ab responses when
administered alone or in combination with the JS7 DNA vaccine.

The development of an HIV/AIDS vaccine is compli-
cated by numerous factors including the high genetic
diversity of the virus, the replication of the virus in
immune system cells, and the ability of the virus to
become latent. The first 2 candidate HIV vaccines to
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enter human efficacy trials (termed AIDSVAX B/B and
AIDSVAX B/E) consisted of bivalent gp120 subunits of
the viral envelope glycoprotein (Env) formulated with
alum. These vaccines induced Ab in 100% of vaccinated
participants but failed to elicit protective Ab [1]. The
next vaccine to complete an efficacy trial was MRKADS,
a trivalent adenovirus 5 (Ad5) vectored vaccine. This
vaccine encoded Gag, Pol, and Nef and elicited HIV-
specific CD8" and CD4™ T cell responses in 75% and
41% of participants, respectively [2], but also failed to
protect [3]. The most recent efficacy trial (RV144) tested
4 vaccinations of the vCP1521 canary pox vector, which
encoded Gag, protease, and Env, with AIDSVAX B/E
added to the last 2 vaccinations for a protein boost [4].
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Figure 1.

Schematic representations of the HIV-1 vaccines and study design. A, Schematics for DNA and recombinant MVA immunogens. B, HVTN 065

trial schema. CMVIE, CMV immediate early promoter; gag, HIV-1 gene encoding group-specific antigens; PR and RT, protease and reverse transcriptase
encoding regions of HIV-1 pol; tat, vpu, and rev, HIV-1 regulatory genes; gp120 and gp41, surface and transmembrane subunit-encoding regions of HIV-1
env, gp41tr, gp41 with a 115 amino acid C-terminal truncation; BGHpA, bovine growth hormone polyadenylation sequence; x, presence of inactivating
point mutations in packaging sequences for viral RNA in Gag and the protease, reverse transcriptase, strand transfer, and RNase H activities of Pol [9];
PmH5, the modified H5 early/late vaccinia promoter; deletions Il and Ill, naturally occurring deletions in MVA.

Although this combination vaccine did not induce measurable
CD8"' T cells, it did induce antibody and CD4" T cells and
provided a 31% protection rate against infection.

The DNA and recombinant modified vaccinia virus Ankara
(rMVA) vaccines in this Phase 1 study encode Gag, protease (PR),
reverse transcriptase (RT), and the native, membrane-bound
trimeric form of Env to produce noninfectious virus-like particles
(VLP). In intrarectal challenge studies in macaques, rMVA given
with or without DNA prime has induced Ab and T cells, partially
controlled high-dose challenges [5, 6], and provided some pre-
vention of infection by repeated moderate-dose challenges [7].

The National Institute of Allergy and Infectious Diseases HIV
Vaccine Trials Network (HVTN) conducted a Phase 1 evalua-
tion of the safety and immunogenicity of the pGA2/]S7 DNA
and MVA/HIV62 vaccines in healthy, HIV-1 —seronegative
adults. MVA62, given alone or with a JS7 DNA priming series,
was safe and well tolerated, inducing T cell and antibody
responses, which varied depending on the vaccine regimen,
dose, and dosing schedule.

SUBJECTS, MATERIALS, AND METHODS

Vaccines
The GeoVax HIV-1 DNA vaccine, pGA2/JS7 DNA (JS7), pro-
duces non-infectious virus-like particles (VLPs), and encodes

HIV-1yxp.» Gag, HIV-1gy;9 PR and RT, and Env, Tat, Rev, and
Vpu derived from a recombinant of the HXB-2 and ADA strains
of HIV-1 (Figure 1A). The vaccine is rendered noninfectious by
gene deletions and inactivating point mutations [8, 9].

Modified vaccinia virus Ankara (MVA) MVA/HIV62
(MVAG62) encodes HIV-1 Gag, PR, RT, and Env from the same
sequences as JS7 and also produces noninfectious VLP
(Figure 1A) [10, 11]. MVAG62 contains the RT but not the Gag
and PR mutations of JS7. The ADA Env gene is truncated by 115
C-terminal amino acids of gp41, resulting in higher surface
expression of Env and the elicitation of higher Ab responses in
mice [12].

Study Design

HVTN protocol 065 was a randomized, double-blind, placebo-
controlled trial conducted at 6 clinical sites in the United States
(Figure 1B). Adults aged 18—49 years who were deemed healthy
based on medical history, physical exam, laboratory tests, tro-
ponin levels, and electrocardiogram (EKG) were enrolled. The
study was designed with 10 participants receiving .3 mg of the
JS7 (D) and 107 tissue culture infective doses (TCIDsy) of
MVAG62 (1/10th dose [M]) at 8-week intervals in the DDMM
schedule. After a safety review of the 1/10th-dose DNA vacci-
nations, 30 participants were randomized to receive full doses of
the vaccines (3 mg and 10® TCIDsy, respectively) in the DDMM
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sequence. Once the full-dose DDMM regimen was demon-
strated to be adequately safe and immunogenic, part B of the
trial was started. This included the enrollment of 30 participants
to receive full-dose vaccines in the DMM or MMM sequences
with immunizations administered at 0, 8, and 24 weeks. The
placebo product used for all groups was saline, and placebo
participants were enrolled at a ratio of placebo recipients to
vaccines of 1:5.

Vaccines were delivered as 1 mL into the deltoid region in-
tramuscularly by needle injection. Safety evaluations included
physical examinations and standard clinical chemistry and
hematological tests, supplemented with tests to expand the
ability to identify potential cardiac issues, which included
troponin levels and 12-lead EKGs. Local injection site (pain,
tenderness, redness, erythema, and induration) and systemic
(malaise, headache, fever, chills, myalgias, arthralgias, nausea,
vomiting, and fatigue) reactogenicity symptoms were assessed
for 3 d following each vaccination or until resolution. Reactions
were graded as mild, moderate, or severe according to standard
criteria (http://rcc.tech-res.com/safetyandpharmacovigilance/).

Immune Response Assays

Peripheral blood mononuclear cells (PBMC) cryopreserved
within 8 h of venipuncture were obtained 2 weeks after each
vaccination and at 3 and 6 months after the last vaccination [13].
HIV-specific T cell responses were measured using intracellular
cytokine staining conducted at HVTN central laboratories
[2, 14]. Global potential T cell epitope [15] peptide pools rep-
resenting HIV Env (3 pools), Gag (2 pools), and Pol (3 pools)
were used at the final concentration of 1 ng for each peptide per
milliliter. Cells were first stained with the Violet Live/Dead
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Fixable Dead Cell Stain [16] and then fixed, permeabilized, and
stained with the following reagents: CD3-ECD, CD4-FITC,
CD8-PerCP-Cy5.5, IFN-y-PE-Cy7, IL-2-PE, TNF-a-Alexa 700,
and IL-4-APC. Positive responses were identified using the
1-sided Fisher exact test to support comparison of differences
between background measurements and the numbers of CD4™"
or CD8" T cells producing IFN-y and/or IL-2 in response to
peptide stimulation [14]. The breadth and depth of T cell
responses [17] were calculated by the number of peptide pools
eliciting a positive reaction per vaccinee (8 maximum).

Assays to measure MVA-specific T cell responses were con-
ducted at the Emory Vaccine Center using similar methods. For
the MVA assay, stimulations were conducted by infecting PBMC
with Western Reserve vaccinia virus at a multiplicity of infection
of 1-2 for 6 h, following which GolgiPlug (Pharmigen) was
added, and incubations were continued at 37°C overnight. The
antibody reagent used was anti-CD3 Alexa 488, anti-IL-2-PE,
anti-IFN-y APC, anti-CD4 PerCP, or anti-CD8 PerCP. Positive
results were defined as twice the background of unstimulated
cells and >.01% of the total CD4™ or CD8" T cells.

Standard HIV enzyme-linked immunosorbent assay (ELISA)
and Western blot testing (Abbott Labs) were performed in
participants following the final vaccination. Analyses for Env
binding and neutralizing activity were conducted by the HVTN
laboratories. An ELISA based on alkaline phosphatase and the
AttoPhos fluorescent substrate (Hoffman La Roche) was used to
measure total binding Ab to the HIV gp41 immunodominant
peptide, SP400 (RVLAVERYLRDQQLLGIWGCSGKLICTTAV
PWNASWSNKSLNKI) [18]. Fluorescent readings were mea-
sured using an M2 plate reader (Molecular Devices), and mean
fluorescent intensity for each pair of replicates, with the

Wl Moderate
Placebo  DDMM DOMM  DMM MMM 3 Mild
("ho) =3 None

Figure 2. Reactogenicity of study vaccine regimens. The percentage of participants with local pain and/or tenderness (A) or any systemic symptom (B)
following each vaccine dose is shown. Reactions were graded as none, mild, moderate, or severe. The vaccine groups are given at the top of the
schematics, and the immunization status of groups, at the bottom. D, DNA; M, MVA; P, placebo. The number of Ds and Ms indicates the number of
immunizations; for example, DDM means 2 DNA and one MVA immunization. For more details, see Subjects, Materials, and Methods.
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background subtracted, was calculated. Standard curves were
generated from the plot of fluorescence against the log of serum
dilution, and sigmoidal curves were fit using a 4-parameter
logistic equation (Softmax Pro). Positive responses for each
serum dilution were defined as 3 times the value at baseline.
HIV neutralization was measured as a reduction in luciferase
reporter gene expression after a single round of infection in
TZM-bl cells [19]. Neutralization titers were defined as the di-
lution at which relative luminescence units were reduced by 50%
compared with virus control wells after subtraction of back-
ground. An assay stock of HIV-1 MN was produced in H9 cells,
and a stock of molecularly cloned ADA Env-pseudotyped virus
was produced by transfection in 293T cells. Samples were con-
sidered positive if the neutralization titer that reduced cell killing
by 50% was =25. Ancillary ELISAs were completed at GeoVax
to determine titers of Env Ab specific for the monomeric ADA
gp120 produced using a recombinant vaccinia virus. Microtiter
plates were coated with sheep Ab to the C-terminus of gp120
(D7324; Aalto BioReagent), ADA gp120 was captured, and serial
dilutions of human serum were incubated on duplicate wells
with or without ADA gp120. Serial dilutions of HIV-Ig (3957;
NIH AIDS Research and Reference Reagent Program) with
known levels of gp120-binding Ab were used as the standard on
each plate. Bound antibody was detected with IgG-specific an-
tiserum conjugated to peroxidase and TMB peroxidase substrate
(KPL). Optical densities were read using a Molecular Devices
machine, and the ng of bound antibody was estimated from the
HIV-Ig sigmoidal curve generated using 4-parameter logistic
software (Softmax Pro). Samples were considered positive if
they were at least 3 times background and had a total estimated
concentration of =10 ng of anti-gp120 Ab per milliliter.

Statistical Analysis

For safety, the number and percentage of participants experi-
encing each type of reactogenicity sign or symptom were tabu-
lated by severity and vaccine regimen using MedDRA preferred
terms. Then for a given sign or symptom, each participant’s
reactogenicity was counted once under the maximum severity
for all injection visits or the strongest recorded causal relation-
ship to treatment. For immunogenicity, box plots of local lab-
oratory values by treatment were generated for baseline values
and for values measured during the course of the study. Com-
parisons of immune responses between groups used the Wil-
coxon rank-sum test and SAS, S-Plus, or R statistical software.

RESULTS

Participant Accrual, Demographic Data, and Vaccine Safety

The median age of participants was 24 years, and 58% were
female. The majority were white (73%) or African American
(16%). All 120 participants received their initial vaccine, and
104 (87%) received all prescribed doses. Of those who did not,

all but 1 discontinued further doses for reasons unrelated to the
vaccine. Two were discontinued from vaccination due to adverse
events. One developed chest tightness and dyspnea 30 min after
vaccination, which was probably related to vaccination; another
had an adverse event unrelated to vaccination.

The vaccines were safe and well tolerated at both doses and
using all schedules without severe reactogenicity (Figure 2).
Participants had similar mild or no local side effects after pla-
cebo and JS7 DNA administrations (at 1/10th or full dose). The
low-dose MVAG62 vaccine was also associated with only mild
local side effects. However, the full-dose MVA was associated
with an increased number of participants experiencing either
mild or moderate local reactogenicity (Figure 2A). Most of the
local side effects included pain at the injection site. The majority
of participants had either no or mild systemic side effects with
a few moderate reactions, and there were no differences when
compared with placebo recipients (Figure 2B). There were 7
adverse events that were at least probably or definitely attributed
to the vaccine, and 6 of these were mild local reactions. One
individual experienced a moderate decrease in neutrophils 14
d following the first DNA vaccination, but this resolved and did
not recur following subsequent injections. There were no labo-
ratory abnormalities or EKG changes that could be attributable

to this vaccine administration.

HIV-1-specific T Cell Responses

HIV-1-specific T cell responses were readily detected in all
groups; however, the response rates depended on the vaccine
regimen (Figure 3). The DNA prime enhanced both CD4 and
CDS8 response rates, with 2 DNA primes (either 1/10th or full
dose) being more effective than a single full-dose DNA prime.
Vaccine-induced CD4" T cells were measured in 88% of in-
dividuals vaccinated with the 1/10th-dose and 77% of those
vaccinated with the full-dose DDMM regimen. This compared
to peak CD4" response rates of 50% for DMM and 43% for
MMM regimens (Figure 3A). Peak CD8™ T cell responses were
33% in the participants receiving 1/10th-dose and 42% in par-
ticipants receiving the full-dose DDMM regimens compared to
22% and 17% in participants in the DMM and MMM regimens,
respectively (Figure 3B). The magnitudes of responses were
overlapping for all groups, with medians between .07 and .17%
of total CD4™ T cells and between .06 and .65% of total CD8*
T cells (Figures 4 and 5A). Male and female participants had
similar response rates (data not shown).

The time courses and persistence of T cell responses differed
for the full-dose DDMM and MMM regimens (Figures 3 and 4).
Both the rates and magnitudes of CD4™" T cell responses were
maximal and remained maximal after the first MVA inoculation
in the DDMM and DMM groups, whereas responses peaked and
then fell after the second dose of MVA62 in the MMM group. In
contrast, CD8" T cell response rates, but not magnitudes, in-
creased with the last dose of MVA in the DDMM and DMM
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Immune response rates determined in end point assays. Response rates for CD4™ Tcells (4), CD8™ Tcells (B), and anti-Env Ab (C). Responses

for CD4™ and CD8™ T cells are for responses to Gag, Env, or Pol measured as IFN-y— or IL-2—-producing cells scored using intracellular cytokine staining
(ICS) following stimulation with potential T cell epitope peptide pools. Response rates for anti-Env Ab were measured using an ELISA for the SP400
peptide, a peptide representing the immunodominant region of gp41. Lymphocytes and serum for determining response rates were harvested at 2 weeks
following immunizations. Significant differences between groups are indicated where appropriate. All assays were performed in HVTN laboratories on
frozen samples. Letters at the bottom of schematics indicate group and the immunization status of groups. See Subjects, Materials, and Methods for

more details.

groups, whereas these fell slightly with the last dose of MVA62 in
the MMM regimen. At 6 months following the final vaccination,
CD4™" T cell response rates were 38% for DDMM (49% of their
2-week peak) compared with 8% for MMM (19% of their
2-week peak) (P = .03); and CD8" T cell response rates were
38% for DDMM (90% of their peak) compared with 4% for
MMM (24% of their peak) (Figure 4).

For the DDMM and MMM regimens, the functionality of
T cell responses, as measured by coproduction of IFN-v, IL-2,
and TNF-a, were similar except for different patterns for single-
cytokine-producing cells (Figures 4C and 4D). Among the
single-cytokine-producing CD4" cells, IL-2 predominated in
the DDMM group and TNF-a, in the MMM group. Among
single—cytokine-producing CD8" T cells, IFN-y production was
most frequent in the DDMM group, whereas no single cytokine
dominated in the MMM group. For both regimens, approxi-
mately one-third of the responding cells produced 3, 2, or 1
cytokine (Figures 4E and 4F).

The breadth and depth [17] of T cell responses against 2 Gag,
3 Env, and 3 Pol peptide pools revealed responses primarily
directed to Gag and Env (Figure 5A). The DNA prime increased
the breadth and depth of the T cell response, and priming with 2
doses of DNA (low or full dose) provided a broader response
than priming with a single dose of DNA (Figure 5B). Following
the final immunization, CD4" and CD8" T cells in DDMM
recipients recognized medians of 4 and 2 peptide pools,
respectively, compared to medians of 1 for CD4" and CD8*
responses in MMM vaccine recipients. CD4" T cell responses
were evenly distributed between Gag and Env for both DDMM
groups but showed a bias toward Gag in the DMM group and
a strong bias toward Gag in the MMM group. The kinetics of
T cell responses differed for Gag and Env: following the final
MVA dose, CD8" T cell response rates for Gag increased 9-fold
in the DDMM and 4-fold in the MMM group; whereas CD8™*

responses for Env increased 2-fold for DDMM recipients and
decreased by 3-fold for MMM recipients. The DNA prime bi-
ased the response toward CD4" T cells. This bias was strongest
after the first MVA boost, when it ranged from a 7-fold to a 14-
fold excess of CD4" responses over CD8" responses in the
DNA-primed groups compared to a 2.4-fold excess of CD4"
over CD8” responses in the MMM group.

HIV-1-specific Antibody Responses

In contrast to T cell responses, HIV-1 —specific antibodies were
induced more frequently and at higher levels by the full-dose
than the 1/10th-dose DDMM regimen, and the highest fre-
quencies and titers of Ab responses were induced by the MMM
regimen (Figures 3C and 6). After the final vaccine adminis-
tration, nearly all MMM recipients (96.6%) tested positive by
the Abbott HIV-1/HIV-2 ELISA, whereas only 73% of the
DDMM recipients had seroconverted by this test (P = .03).
A trend toward an increased number of positive Western blot
assays was also seen in the MMM (21.4%) versus the full-dose
DDMM (4.3%) recipients.

Env-specific antibodies, as measured by binding to an im-
munodominant Ab for a gp120 monomer of the ADA vaccine
Env (SP400 gp41 peptide), and neutralizing activity for HIV-
1 were all highest in the MMM group (Figure 6). Participants
receiving the full-dose DDMM regimen had the lowest Ab re-
sponses, and the DMM group had intermediate antibody re-
sponses. The higher titers of Ab present in the MMM group were
associated with this group receiving 3 doses of MVA. Following
2 doses of MVA, Ab responses were overall similar in the
DDMM and DMM groups compared with those in the MMM
group after 2 doses of MVA (Figure 6). Samples able to neu-
tralize HIV-1y1 were further tested for their ability to neutralize
select tier 1 isolates (Figure 6D). Recipients of the DMM and
MMM regimens were able to neutralize tier 1 isolates, with
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Figure 4. Magnitude and persistence of vaccine-induced T cell responses. The magnitudes of CD4 ™" (A) and CD8™ (B) T cell responses following full-
dose DDMM and MMM vaccine regimens are shown. Data represent responses directed against Gag and Env as measured by IFN-y and/or IL-2
production of CD4™ and CD8™ Tcells in an intracellular cytokine staining (ICS) assay (for more details, see Subjects, Materials, and Methods). Box plots
represent the median and 25th and 75th percentiles for positive data (indicated by red points); blue points indicate negative data. Response rates are
shown below the schematics as the number of participants who tested positive out of the total number of participants tested, with the percentage of
responders given immediately below. Pre&P, prebleed at baseline and placebos; +2wk, samples harvested at 2 weeks after an injection; +3mo and +
6mo, samples harvested at 3 or 6 months after the last injection. Letters at the bottom of the schematics indicate the group and the immunization status
of the groups. D, DNA; M, MVA; P, placebo. The number of Ds and Ms indicates the number of immunizations; for example, DDM means 2 DNA and one
MVA immunization . *P < .05 for CD4™ T cell response frequency when compared with the +2-week time point following the final vaccination in the
DDMM regimen; **P <.05 for CD8™ T cell response frequency when compared with that seen after the first MVA boost in the DDMM regimen or DMM.
C—F, Polyfunctionality of the positive responses for IFN-y, IL-2, and TNF-o production measured using multicolor flow cytometry and Boolean analyses.
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Figure 5. Breadth/depth and magnitude of Tcell responses to Gag and Env. A, Percent responders, median magnitudes, and total number of recognized
peptide pools for the 4 vaccine regimens. The total number of recognized pools represents the sum of all of the peptide pools recognized in assays
successfully completed for a group normalized to the maximum number of individuals tested for CD4™ and CD8™ T cell responses in that group. Note that
this normalization was largest for the low-dose DDMM group that had only 10 participants compared to the 30 participants in the other groups. 5—C,
Percent of responders with CD4™ or CD8™ Tcells, respectively, recognizing different numbers of peptide pools. The numbers in the graph are the median
number of peptide pools recognized by responders to a particular regimen. D, DNA; M, MVA; P. placebo. The number of Ds and Ms indicates the number
of immunizations; for example, DDM means 2 DNA and one MVA immunization. Note that the numbers represent the breadth and/or depth of induced T
cells as defined elsewhere [17]. Potential T cell epitope pools are grouped depending on the frequency of HIV-1 epitope variants, so variants of the same
epitope may be in different peptide pools [15].

a trend toward the greatest breadth in the MMM group. No
neutralization was observed against tier 2 isolates including
HIV-1apa.

lower in those receiving the DNA prime compared with those
receiving only MVA62 (P < .001) (Figure 7).

DISCUSSION
Vector-induced Immune Responses

The CD4" and CD8" T cell responses specific to the MVA
vector were assessed following the MVA62 boosts. Subsequent to
the first MVA boost, both the response rates and magnitudes of
vaccinia-specific CD4" and CD8" T cells were significantly

The MVA62 immunizations, both with and without JS7 DNA
priming, were well tolerated, with only mild to moderate re-
activity following the MVA vaccinations. Consistent with pre-
clinical testing in rhesus macaques [5, 6, 20, 21], all of the tested

Shown are the percentages of CD4™ () and CD8™ (D) Tcells producing single cytokines and the degree of polyfunctionality for the CD4 ™" (F) and CD8™ (A
responses. 1, the percent of responding cells producing a single cytokine; 2, the percent producing 2 cytokines; 3, the percent producing 3 cytokines. The
numbers (n) in panels C—F represent the number of participants in each group with positive CD4* or CD8™ T cell responses to any gene as measured by
IFN-y and/or IL-2 production.
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Figure 6. Magnitudes and response rates of Env binding and neutralizing antibodies. A, Binding Ab for SP400, a peptide representing the

immunodominant region of gp41. B, Binding Ab for ADA gp120. C, Neutra

lizing Ab for HIV-1yy. Designations below schematics indicate groups and

response rates (see legend to Figure 4 for details). The box plots show median and 25th and 75th percentiles for positive data (indicated by red points);
blue points indicate negative data. Data for determining P values include only positive data. [, Percent of positive MN neutralization responses also

neutralizing other tier 1 isolates. Seventeen of the samples demonstrating n

eutralization against HIV-1y were evaluated further. The tier 1 isolates are

shown including HIV-1spg2, HIV-Tweip (T cell laboratory-adapted strain), and HIV-1gp.

regimens induced both T cell and Ab responses. However, the
DDMM regimen induced the highest frequency and most per-
sistent CD4" and CD8™ T cell responses. The DNA prime also
increased the breadth and depth of the T cell responses and
biased these responses toward CD4" T cells. On the other hand,
the MMM regimen induced the highest frequency and magni-
tude of antibody responses. The single DNA prime (DMM)
induced intermediate T cell and Ab responses. The 1/10th-dose
DDMM regimen decreased the height of Ab responses but had
limited effect on T cell responses.

Priming with 2 DNA vaccinations was important for optimal
T cell response rates and breadths following the MVA boost.
DNA priming was also important for enhanced persistence of
T cell responses. This priming occurred despite detectable T cell
responses not being elicited by the JS7 DNA primes (data not
shown) or a similar DNA vaccine studied in a previous clinical

trial [22]. Thus T cell responses, below the level of detection by
ex vivo analysis, were able to focus T cells to HIV antigens
expressed by MVAG62. Moreover, the absence of detectable
DNA-elicited responses did not preclude the DNA prime cur-
tailing anti-MVA T cell responses. Presumably this effect was
due to the DNA prime establishing memory T cells recognizing
HIV antigens that competed for antigen presentation during the
boost with naive T cells recognizing MVA or HIV antigens.
For all regimens, the number of MVA boosts was important
for increasing both anti-Gag CD8™ T cell and anti-Env Ab re-
sponses. The last MVA boost increased anti-Gag CD8 ™ response
rates from 4% to 35% and from 4% to 15% for the DDMM and
MMM regimens, respectively. The higher Ab responses in the
MMM regimen correlated with this regimen receiving 3 MVA
inoculations as opposed to the 2 MVA boosts for the DNA-
primed regimens. Prior studies suggest that an additional MVA
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Figure 7. Vector-specific Tcells. The percentage of MVA-specific CD4 ™
or CD8* T cells producing IFN-y by ICS assay is shown for samples
analyzed at 1 week following the first or second MVA boost for the
DDMM and MMM vaccine regimens. The percentage of participants with
vector-specific T cell responses (response rate) is given below the
schematic.

boost would further increase responses but that this increase
would be limited by vaccine-induced immunity curtailing fur-
ther boosting [20, 23]. Ab responses were also affected by the
number of DNA primes, with a single full-dose DNA prime
tending to give higher Ab responses after the MVA boost than 2
full-dose DNA primes. This could reflect the DNA prime
eliciting immune responses that curtailed Ab as well as MVA-
specific CD8 " responses. Additionally, the JS7 DNA prime may
have elicited a Thl-like response so that it more optimally
primed memory T than memory B cells [24].

Prior Phase 1 testing of recombinant poxvirus vectors has
revealed DNA consistently priming higher T cell responses.
However, both the poxvirus vector and the vaccine insert have
influenced results. Recombinant DNA and MVA vaccines that
express strings of CD8 epitopes have elicited much lower T cell
responses than observed in this trial and in another trial ex-
pressing whole proteins [25, 26]. Boosting a DNA-primed re-
sponse with a New York vaccinia virus vector (NYVAC) elicited
responses that were biased toward Env and even more biased
toward CD4" T cells than elicited by JS7 DNA priming and
MVAG62 boosting [27]. Also, without DNA priming, the NYVAC
vector, in contrast to MVA62, was more effective in women than
men [28]. The canary pox vector used in the first HIV/AIDS
vaccine trial to generate some protection [4] has been tested
with several different inserts and vector variations and has been
generally less effective at eliciting CD4" and CD8" T cell
responses than MVA62 [29-33].

Despite the MVA62 vaccine eliciting different patterns of
immune responses in the presence and absence of a JS7 DNA

prime, it is difficult to predict whether a JS7 prime would add to
the protective efficacy of the MVA62 vaccine. The higher Ab
elicited by the MVAG62 alone could be critical to protection. In
preclinical studies, the avidity of the anti-Env Ab response for
the native trimeric form of Env has been a strong correlate with
control of peak viremia following high-dose intrarectal chal-
lenges [20, 21]. However, the higher T cells elicited by MVA62 in
the presence of a JS7 DNA prime could also be important. For
example, data from preclinical studies using nonreplicating
adenovirus- and cytomegalovirus-based vectors have shown the
magnitude of T cell responses correlating with protection
[34, 35]. Given the fact that a correlate for protection is not
known for HIV/AIDS vaccines, both regimens may merit
further clinical development.
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