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Abstract

Background—A human immunodeficiency virus (HIV) vaccine that limits disease and
transmission is urgently needed. This clinical trial evaluated the safety and immunogenicity of an
HIV vaccine that combines a plasmid-DNA priming vaccine and a modified vaccinia virus Ankara
(MVA) boosting vaccine.

Methods—Forty healthy volunteers were injected with DNA plasmids containing gp160 of
HIV-1 subtypes A, B, and C; rev B; p17/p24 gag A and B, and RTmut B by use of a needle-free
injection system. The vaccine was administered intradermally or intramuscularly, with or without
recombinant granulocyte macrophage colony-stimulating factor, and boosted with a heterologous
MVA containing env, gag, and pol of CRFO1A_E. Immune responses were monitored with HIV-
specific interferon (IFN)-yand interleukin (IL)-2 ELISpot and lymphoproliferative assays (LPAS).
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Results—Vaccine-related adverse events were mild and tolerable. After receipt of the DNA
priming vaccine, 11 (30%) of 37 vaccinees had HIV-specific IFN-y responses. After receipt of the
MVA boosting vaccine, ELISpot assays showed that 34 (92%) of 37 vaccinees had HIV-specific
IFN-v responses, 32 (86%) to Gag and 24 (65%) to Env. IFN-y production was detected in both
the CD8™ T cell compartment (5 of 9 selected vaccinees) and the CD4* T cell compartment (9 of
9). ELISpot results showed that 25 (68%) of 37 vaccinees had a positive IL-2 response and 35
(92%) of 38 had a positive LPA response. Of 38 subjects, a total of 37 (97%) were responders.
One milligram of HIV-1 DNA administered intradermally was as effective as 4 mg administered
intramuscularly in priming for the MV A boosting vaccine.

Conclusion—This HIVV-DNA priming—-MVA boosting approach is safe and highly
immunogenic.

Trials registration—International Standard Randomised Controlled Trial number:
ISRCTN32604572.

With an estimated 5 million new cases of HIV infection each year, the majority in sub-
Saharan Africa, new preventive strategies are needed to reduce HIV transmission [1]. One
such preventive strategy would be an effective prophylactic vaccine, but developing such a
vaccine has proven difficult [2]. HIV is highly variable and is an elusive target for
neutralizing antibodies [3]. Recombinant monomeric envelope proteins proved to be
immunogenic, but gave no protection in 2 phase 11 studies performed in the Unites States
and Thailand [4]. The difficulties of eliciting broadly neutralizing antibodies to HIV led to
alternative vaccine approaches that focused on the induction of cell-mediated immune
responses. Studies in nonhuman primate models, which use HIV-DNA and/or simian
immunodeficiency virus (SIV)-DNA vaccines and live vector-based vaccines (e.g.,
adenovirus serotype 5 [Ad5] or recombinant modified vaccinia virus Ankara [MVA]) in
priming-boosting vaccination regimens, have shown that this approach is effective in
reducing challenge virus replication and preventing the development of simian HIV
(SHIV)-induced disease [5-7]. DNA-based and Ad5 vector-based HIV-1 vaccine
candidates have shown immunogenicity in phase | clinical trials, and HIV-1 DNA priming
and Ad5 or poxvirus boosted vaccine regimens are evaluated in phase | or phase 11 clinical
trials [8-11]. However, vaccination with a clade B, Ad5-based, HIV-1 vaccine in a phase
I1B clinical trial, STEP, was recently discontinued because the vaccine was not effective. In
that trial, there was a trend towards an increased rate of HIV acquisition among vaccinees
with preexisting Ad5 antibody titers over 200 [12, 13]. Current HIV vaccine development
efforts are employing additional methods to increase the breadth of the immune response by
increasing the number of included genes and subtypes and by evaluating other vectors.

Although the primary aim of a phase | trial is safety, it is important to learn as much as
possible regarding immunogenicity. Adjuvants and novel delivery modes are needed to
improve the immunogenicity of DNA. Granulocyte macrophage colony-stimulating factor
(GM-CSF) was shown to enhance HIV-1 DNA-induced immune responses in animals and
responses to hepatitis B virus vaccines in human clinical trials [14-18]. Intra-dermal (I1D)
vaccine delivery has also been shown to increase immunogenicity [19].
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This descriptive phase | clinical trial evaluated the safety and immunogenicity of 4 modes of
delivery for a multigene, multiclade HIV-1 DNA priming vaccine followed by a
heterologous MV A boosting vaccine. It provided guidance for an ongoing phase /11 trial in
Dar es Salaam, Tanzania.

Study design

Vaccines

Forty healthy volunteers at low risk for HIVV-1 infection were recruited into the DNA
priming phase of the study. Two received only 1 DNA vaccination. The remaining 38
volunteers were rerandomized for receipt of an HIV-1 MVA boosting vaccine. The first
volunteer was enrolled on 16 February 2005 and the last scheduled follow-up visit was
performed on 6 September 2006.

Volunteers were randomized to 4 different treatment arms (table 1). HIV-1 DNA
vaccinations were given with the Biojector 2000 (Bioject Medical Technologies) on days 0,
30, and 90. The GM-CSF protein adjuvant, sargramostim (Leukine; Berlex), was used in
combination with HIV-1 DNA in treatment groups C and D (table 1). The volunteers were
block rerandomized to receive either a single 1D boosting vaccination of 107 pfu of HIV-1
MVA by needle over the deltoid muscle or a single intra-muscular (IM) vaccination of 108
pfu of HIV-1 MVA by needle injection in the left deltoid muscle 6 months after the last
DNA vaccination.

Safety evaluations, including physical examinations and laboratory tests, were performed
before and at each vaccination, 2 weeks after each vaccination, and 3 months after the last
DNA or MVA vaccination. Volunteers with active hepatitis B, hepatitis C, or syphilis
infection were excluded at recruitment. A 12-lead electrocardiogram (ECG) was performed
before and 2 weeks after the MVVA vaccination.

(figure 1) The development and expression of the HIV-1 envelope genes env A, env B, and
env C (pKCMVgpl60 A, B, and C); rev (pKCMVTrev); RT (reverse transcriptase pKCM-
VRTmut); gag A; and gag B (pKCMVp37BA and B) have been described elsewhere [15,
16, 20]. The vaccine immunogens are encoded in expression vector pKCMV, which contains
the promoter sequence from human cytomegalovirus, the poly(A) signal from human
papilloma virus 16, the Escherichia coli origin of replication, and a kanamycin-resistance
gene [20]. The pKCMVgp160B encodes gp160 of subtype B, a fusion protein of gp120 and
gp41, while the pKCMVgp160B/A and pKCMV gp160B/C encode chimeric gp160B
proteins with the hypervariable loops (V1-V5) exchanged for subtype A or C sequences,
respectively. PKCMVp37 B encodes pl7 and p24 of HIV subtype B, whereas in
pKCMVp37BA, the p24 component was exchanged for p24 subtype A. Regulatory protein
Rev is native, while the enzyme RT has been mutated in its enzyme-active site; both are
derived from HIV subtype B. The 7 plasmids, expressing 9 different HIV-1 genes, were
delivered as 2 entities— one containing the gag p37 (BA and B) and RT genes and the other
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containing gp160 (A, B, and C) and rev genes—to minimize interference between antigens
[21]. The DNA vaccine was produced by Vecura.

Development and characterization of MVVA-Chiang Mai double recombinant (MVA-
CMDR) (HIV-1 MVA), will be described elsewhere by one of the authors (P.E.). In brief,
MVA-CMDR expresses HIV-1 subtype E Env and subtype A Gag/Pol from Thai isolates
CM235 and CM240, respectively, both under control of the early/late mH5 promoter.
Mutations were engineered to enhance expression and safety. Thus, the cytoplasmic tail of
Env was truncated, and the RNaseH and integrase genes were entirely deleted. In addition,
the active site of RT contains a mutation that abolishes enzymatic activity. Efficient protein
expression, processing, and function were verified in vitro in seed lots of virus as well as in
the vaccine product. The genetic stability of the inserts was demonstrated by DNA
sequencing, plague immunostaining, and polymerase chain reaction analysis of the vaccine
product. The vaccine was produced by the Walter Reed Army Institute of Research Pilot
Bioproduction Facility, Forest Glen, Maryland.

Cell preparation

Whole blood samples for analysis of immune responses were collected in cell preparation
tubes (CPT Vacutainer tubes; BD) and processed within 6 h, in accordance with the
manufacturer’s instructions. The yield and viability of peripheral blood mononuclear cells
(PBMCs) were determined by using a NucleoCounter (ChemoMetec A/S). Fresh PBMCs
were used for ELISpot and lymphoproliferation assays (LPAs). The remaining cells were
cryopreserved.

ELISpot assays

ELISpot assays were performed using the h-interferon (IFN)—y ELISpotPLUS kit and the h-
interleukin (IL)-2 ELISpot kit in a 2-step detection system, in accordance with the
manufacturer’s instructions (Mabtech). PBMCs in complete RPMI medium with fetal calf
serum were stimulated for 20 h at 37°C in triplicate wells (200,000 cells/well) with HIV-1
peptide pools (table 2) (5ug/mL, except for the Gag WR pool, which was used at 1 pg/mL);
a CEF peptide pool (5 pg/mL) composed of 23 peptides from cytomegalovirus, Epstein-Barr
virus, and influenza virus [22]; or phytohemagglutinin ([PHA] 5pg/mL). RPMI medium in
triplicate wells was used as a background control. Spot-forming cells were measured in an
automated microscope (Zeiss). Results were expressed as the mean number of spot-forming
cells per 108 PBMCs without subtracting background reactivity. ELISpot responses were
considered positive if the number of spot-forming cells was =4 times the background (i.e.,
RPMI medium only) and >55 sfc/108 PBMCs [23]. Samples with RPMI medium reactivity
>100 sfc/108 PBMCs were excluded from analyses.

The HIV-1 specific peptide pools used in the ELISpot assays are shown in table 2. In pretrial
testing of the Gag and Env peptide pools, 1 of 30 seronegative blood donors showed
reactivity to 1 of the peptide pools, Gag WR. None of 21 seronegative blood donors showed
reactivity to the RT I or Il pools.
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For determination of CD8" and CD4" cell responses, CD8* cell populations were depleted
from cryopreserved PBMCs by using magnetic Dynabeads (Dynal Biotech). Depletion was
assessed by flow-cytometric analysis with Cell-Quest software (BD Biosciences) following
staining with anti-CD4 and anti-CD8 antibodies (BD Biosciences). The median percentage
(range) of CD8™ cells before depletion was 14.2% (9.2%—-49.4%), and after depletion, it was
1.0% (<0.01%—-2.4%). Cell concentrations were adjusted to give 200,000 cells per well
before use in the IFN-y ELISPOT assay.

Lymphoproliferation assay (LPA)

PBMCs were cultured in triplicate with or without HIV antigen or PHA in complete medium
in 96-well flat bottomed plates at 37°C, in 7.5% CO,, for 6 days (cultures with and without
HIV antigen) and 2 days (cultures with and without PHA), and thereafter pulsed with 1 uCi
(37kBq) per well of tritiated thymidine ([3H]-thymidine) for 6 h. The antigens used at a final
concentration of 2.5 ug/mL were aldrithiol-2 (AT-2)-treated HIVV-1MN and SUPT1 micro-
vesicles (control; kindly provided by Dr. J. Lifson at SAIC Frederick). Stimulation indices
(S1) were calculated by dividing the mean incorporation of [3H]-thymidine in antigen-
stimulated wells by the mean incorporation in control wells. SI ?8 was considered a positive
result, based on analyses of results from 27 normal blood donors (SI, mean + 3SD, 7.95).

Antibody assays

HIV antibodies were tested by use of a commercial EIA (IMx HIV-1/HIV-2 111 Plus;
Abbott). Samples that were reactive by EIA were tested by Western blot analysis (HIV blot
2.2; Genelabs Diagnostics). Antibodies to Gag (p55; kindly provided by Dr. S. Barnett of
Chiron) and gp160 (Advanced Biotechnologies) were also tested by use of in-house EIAs
[16].

Statistical analysis

Clinical and vaccine safety laboratory data were entered in S6dersjukhuset hospital’s
computerized patient-registry system under the national identification code and full name.
Study data were entered under study code and initials on clinical report forms. Specimens
for immunological and virological studies were sent under study code to the Swedish
Institute for Infectious Disease Control, which remained blinded to the randomization.
Clinical and vaccine safety laboratory data were entered in Access, and immunological
laboratory data were entered in Excel (Microsoft). Volunteer data and immunological data
were analyzed in SPSS (version 15.0; SPSS) under study code. Most data are presented
without statistical analysis because this is a descriptive, hypothesis-generating, study. Cross-
tabulations were evaluated with Fisher’s exact test or the 42 test, as appropriate. The
ELISpot responses were compared by using the Mann-Whitney test. Pearson’s correlation
coefficient was calculated for IL-2 ELISpot and LPA vs. IFN-y ELISpot.

Ethical approval

The protocols and products were approved by the Karolinska Institute, regional ethics
committees, and the Swedish Medical Products Agency. Informed consent was obtained
from all participants.
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Forty volunteers entered the trial. Because of a regulatory restriction, only women who were
unable to become pregnant were eligible, and despite extending the age range, only 7
women were finally included (table 3). This caused the men and women in the study to be
unevenly distributed by age as well as by sex, because the females were significantly older,
P <.001. Two individuals received only 1 DNA vaccination; a man (25 years old) in group
C defaulted from later visits and a woman (59 years old) in group D discontinued the study
due to adverse events (AEs) related to vaccine-GM-CSF.

The DNA vaccine was generally well tolerated. In groups A and B (the groups that received
vaccine not adjuvanted with GM-CSF), 4 volunteers developed 8 grade-2 AEs; in groups C
and D (which received vaccine adjuvanted with GM-CSF), 2 volunteers developed systemic
grade-3 AEs, and 7 developed 15 grade-2 AEs dominated by flu-like symptoms, all probably
or possibly related to the vaccine.

The HIV-1 MVA boosting vaccination, given either as an ID or IM injection, was equally
well tolerated. Mild local irritation dominated with ID injections, whereas mild systemic
reactions were more frequent after IM injections. One volunteer reported a grade-2 event,
fatigue, after an IM MVA vaccination.

There was no influence of the vaccinations on hemoglobin level; white blood cell,
neutrophil, lymphocyte, or platelet count; aspartate aminotransferase level; alanine
aminotransferase level; alkaline phosphatase level; bilirubin level; creatinine level; or
fasting blood glucose level. No vaccinee had a 4-fold sustained increase from baseline in
creatinine kinase level. There were no increases in anti-nuclear antibodies after DNA
plasmid vaccinations or changes in ECG after MVVA vaccination (data not shown).

Vaccine-induced T cell responses

The IFN-y ELISpot assay was performed on fresh PBMCs before vaccination, 2 weeks after
the third HIV-1 DNA immunization, at the time of the HI\VV-1 MV A boosting vaccination,
and 2 weeks after the boosting vaccination (figure 2). None of the vaccinees had a positive
response to any of the HIV-specific peptide pools tested before vaccination (data not
shown). Two weeks after the third HIVV-1 DNA vaccination, 11 (30%) of 37 evaluable
vaccinees had a positive IFN-y ELISpot response to =1 HIV-specific peptide pool (figure
2A). One volunteer was excluded from this analysis due to high background reactivity. The
HIV-1 MVA boosting vaccine increased the HIV-specific IFN-y ELISpot response rate to
92% (34 of 37 vaccinees). Broad IFN-y ELISpot reactivity was seen in response to multiple
peptide pools (figure 2B). Thirty-two vaccinees (86%) responded to Gag, 24 (65%) to Env,
and 22 (59%) to both Gag and Env peptide pools (table 4). Only 1 vaccinee responded to RT
(not shown). Two weeks after the third HIV-1 DNA vaccination, the highest frequency of
IFN-y ELISpot responses was observed in the vaccinees who had received the highest dose
of the HIV-1 DNA vaccine IM (group B): in this group, 7 of 9 vaccinees responded,
compared with 3 of 10 in group A, 1 of 9 in group C, and 0 of 9 in group D (figure 2A).
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However, the lower-dose 1D injections of the HIVV-1 DNA vaccine (group A) were found to
prime as well as the IM injections (group B) with respect to IFN-y responses after the HIV-1
MVA boosting vaccination (figure 2B).

The addition of recombinant GM-CSF to the ID injection of HIV-1 DNA (group C) seemed
to decrease the magnitude of the response to both the Gag and Env peptide pools, compared
with 1D injection of HIV-1 DNA alone (group A). GM-CSF administered IM did not
compensate for the lower dose of DNA, 2 mg, administered to group D, compared with 3.8
mg administered to group B.

For the HIV-1 MVA boosting vaccination, the volunteers were rerandomized 6 months after
the last HIV-1 DNA vaccination to receive either an ID injection of 107 pfu HIV-1 MVA or
an IM injection of 108 pfu HIV-1 MVA. The response was better, both in magnitude and
with respect to the number of IFN-y responders, after an 1M boosting vaccination with the
higher dose of HIV-1 MVA (figure 2C and 2D). The magnitude of the IFN-y ELISpot
response to the Gag WR peptide pool was significantly higher in the vaccinees who received
a high dose of HIV-1 MVA IM (median response, 358 sfc/108 PBMCs), compared with the
group that received the low dose of HIV-1 MVA vaccine ID (median response, 140 sfc/10°
PBMCs) (P =.010).

Age influenced the overall response, as demonstrated by IFN-y ELISpot responses to the
WR Gag peptide pool. No high responders were seen among persons >40 years old. The
overall lower magnitude of cellular immune responses in persons with a history of vaccinia
vaccination seemed to be related to age (figure 3). Age also covaried with sex, though
responses were not selectively lower in women when compared to men of a similar age (data
not shown).

CD8" and CD4™ T cell responses to Gag were determined by analyzing cryopreserved
PBMCs— collected 2 weeks after the HIV-1 MV A boosting vaccination—with the IFN-y
ELISpot assay before and after CD8* cell depletion. Nine vaccinees with high fresh-cell
ELISpot results and sufficient numbers of cryopreserved cells were selected. Five of them
displayed decreased Gag reactivity after CD8" T cell depletion, indicating both CD8* and
CD4* T cell responses to Gag. The other 4 vaccinees had an increased response to Gag after
CD8* T cell depletion, indicating that the Gag-specific responses were exclusively CD4*-
cell mediated in these vaccinees (figure 4).

HIV-specific T cell responses were also measured by an IL-2 ELISpot assay and an LPA.
Two weeks after the HIV-1 MVA boosting vaccination, 25 (68%) of 37 vaccinees had a
positive IL-2 response, whereas a positive LPA response was detected in 35 (92%) of 38
vaccinees. Altogether, 37 (97%) of the 38 vaccinees had a positive HIV-specific response as
determined by either IFN-y ELISpot or LPA. The nonresponder was a 57-year-old, vaccinia-
vaccinated man who received IM DNA priming vaccinations adjuvanted with GM-CSF and
boosted with 107 pfu HIV-1 MVA administered ID.

IFN-yand IL-2 ELISpot responses to the Gag WR peptide pool (r = 0.71) were correlated,
as well as Gag-specific IFN--y ELISpot responses and LPA responses to the AT-2—treated
HIV-1 antigen (r = 0.68) (figure 5).
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Vaccine-induced antibody responses

Testing of samples from the 38 vaccinees by use of a routine HIV antibody EIA after the
HIV MVA boosting vaccination showed positive reactivity in 7 vaccinees. In Western blot
analysis, all 7 samples reacted with Gag p24, 1 sample reacted with Gag p17, and 1 sample
reacted with Env gp120 (data not shown).

Testing by in-house EIA revealed moderate titers (50-10,200) of anti-Gag antibodies in 21
of 37 vaccinees and anti-gp160 antibodies in 1 of 37 vaccinees (data not shown).
Neutralization assays were not performed because of the low anti-Env reactivity.

DISCUSSION

The primary aim of this descriptive phase | trial was to study safety and immunogenicity and
to guide us in designing a phase I/1l trial in Tanzania of this multigene, multiclade HIV-1
DNA priming—MVA boosting vaccine regimen, focusing on modes of DNA vaccine
delivery. Furthermore, the vaccine was designed to be suitable for a subsequent phase I/11
trial in Tanzania by including antigens from prevalent clades in East Africa. The study
showed that this vaccine regimen was safe and highly immunogenic. Altogether, 97% of the
vaccinees developed HIV-specific cellular immune responses.

Overall the HIVV-1 DNA and MVA vaccines were well tolerated. However, administration of
GM-CSF, although tolerable, was associated with a greater number of local and systemic
AEs, which agrees with other observations [18]. In previous studies, the number of ID
Biojector injections was limited to 3 because it was feared that a larger number would not be
tolerated [24]. To deliver a 1-mg dose of DNA, 5 ID injections were considered plausible
and safe, as had been shown in rhesus macaques [19]. Our experience confirms the
feasibility of multiple ID DNA Biojector injections.

Three immunizations with HIV-1 DNA alone induced HIV-specific IFN-y ELISpot
responses in 30% of the vaccinees. The highest frequency and magnitude of IFN-y ELISpot
responses were found in individuals given the highest dose of HIV-1 DNA IM. However, a
subsequent boosting vaccination with HIV-1 MVA demonstrated that the lower 1D dose of
HIV-1 DNA gave similar results after receipt of the boosting vaccination. GM-CSF did not
have an adjuvant effect.

The most effective route of MVA administration is not known. Because it has been shown
for other antigens that 1D delivery can compensate for lower antigen doses, we explored
whether 1D administration of 107 pfu HIV-1 MVA would be as efficacious as IM
administration of 108 pfu HIV-1 MVA. The latter turned out to be associated with stronger
responses. Previous receipt of vaccinia vaccinations, given before 1976, did not seem to
affect the subject’s ability to respond to HIV antigens after the boosting vaccination with the
recombinant HIV MVA.

Whether priming and boosting should be done with matched or mismatched HIV sequences
is a matter of debate. A recent study in mice has shown that priming and boosting with
mismatched HIV vaccines of different clades predominantly induced T cell responses to
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conserved epitopes [25]. In the present study, the HIVV-1 DNA priming vaccine and the
HIV-1 MVA boosting vaccine were not matched. A high rate of immunogenicity was seen
in response to HIV peptide pools not matched to the boosting immunogen, indicating the
feasibility of heterologous boosting.

The immune responses induced by HIV-1 DNA and MVA were balanced, in that the IFN-y
ELISpot assay demonstrated a high response rate against Gag (32 [86%] of 37 vaccinees), as
well as Env (24 [65%] of 37 vaccinees). The induction of a Gag response in vaccinees could
be favorable, because recent data from a large cohort study in South Africa and a smaller
study in Tanzania indicated that Gag-specific immune responses were associated with lower
viral loads [26, 27].

The primary immunological end point in the present study was the responsiveness
determined by use of the IFN-y ELISpot assay, which is the best standardized assay used
internationally for measuring HIV vaccine—induced immune responses [23, 28-30]. Fresh
PBMCs were used in the immunological assays (except for the determination of CD8* and
CDA4+ T cell responses) because we had observed that cryopreserved PBMCs gave lower
levels of HIV-specific reactivity in the IFN-y ELISpot assay (data not shown). The high
response rate demonstrated by the IFN-y ELISpot assay (34 [92%] of 37 vaccinees) was
corroborated by the high response rate in the LPA (35 [92%] of 38 vaccinees).

The IFN-y ELISpot response rate in our study is similar to that recently demonstrated in a
EuroVacc phase I priming-boosting vaccine trial (18 [90%] of 20 vaccinees) that used
recombinant DNA and vaccinia vector NYVAC expressing HIV-1 env and gag/pol/nef [31].
However, the DNA-NYVAC study showed an Env-dominant response while our study
showed more balanced responses to Env.

Previous phase I/11 clinical trials that used low doses of HIV-1 DNA and MVA encoding
HIV-1 clade A Gag p24/p17 sequences and a string of CD8* T cell epitopes showed a low
frequency (<15%) of IFN-y ELISpot responses [32]. A subsequent small trial that used
higher doses of these vaccine constructs induced IFN-y ELISpot responses in 4 of 8
vaccinees [33].

Determination of CD8* and CD4* T cell responses by intracellular cytokine staining was
not included in the present study. However, IFN-y ELISpot testing before and after CD8*T
cell depletion in 9 selected vaccinees showed CD8* T cell responses to Gag in 5 subjects
and CD4* T cell responses in all subjects.

The failure of the STEP study has renewed the interest in alternative viral boosting
strategies, including the use of poxviruses to induce T cell-mediated immunity [34].
Considering that several factors were suboptimal, the demonstration of strong
immunogenicity in this trial is promising. The ongoing phase I/I1 HIV DNA-MVA vaccine
trial in Tanzania was informed by this study and designed accordingly. In that study, HIV-1
DNA vaccinations are given 1D or IM without GM-CSF, the HIV-1 MVA boosting
vaccination is administered IM (108 pfu), and age >40 years is an exclusion criterion.
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Figure 1.
Schematic representation of the HIV-1 virion, its genes, and the plasmid and modified

vaccinia Ankara (MVA) inserts of the HIV Immunogenicity Study vaccine
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Interferon (IFN)—y ELISpot responses in vaccinees, grouped according to mode of delivery
of the HIV-1 DNA vaccinations and the HIV modified vaccinia virus Ankara (MVA)
vaccine. A, ELISpot results 2 weeks after the third DNA vaccination in the 4 groups
randomized to receive DNA vaccine intradermally (ID) or intramuscularly (IM), with or
without granulocyte macrophage colony-stimulating factor (GM-CSF). B, ELISpot results in
the same 4 groups 2 weeks after the MV A boosting vaccination. C and D compare the
ELISpot results for vaccinees who received the MV A boosting vaccine ID (C) with those for
vaccinees who received the boosting vaccine 108 pfu IM (D) after DNA priming by any of
the modes of delivery (1D or IM, with 107 pfu or without GM-CSF). Horizontal black
dashed line, minimum level for responders; horizontal colored lines, median values. The
numbers in parentheses are the number of vaccinees with a positive response to a peptide
pool (i.e., vaccinees with >4 times the background number of spot-forming cells [RPMI
medium only] and >55 sfc/108 peripheral blood mononuclear cells [PBMCs]). The
magnitude of IFN-y ELISpot responses—expressed as the median (25th—75th percentile)
number of sfc/108 PBMCs—in responders after boosting with MVA IM (D) was 358 sfc/106
PBMCs (146-928 sfc/105PBMCs ) in response to the Gag WR peptide pool, 133 sfc/108
PBMCs (79-166 sfc/108 PBMCs) to the Env | pool, and 145 sfc/108 PBMCs (75-383
sfc/10% PBMCs) to the Env 111 pool. The corresponding values in responders after boosting
with MVA 1D (C) were 140 sfc/108 PBMCs (90-290 sfc/108 PBMCs) in response to Gag
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WR, 110 sfc/10% PBMCs (84-136 sfc/108 PBMCs) to Env I, and 113 sfc/108 PBMCs (73—
178 sfc/10% PBMCs) to Env 111,
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Figure 3.

Interferon (IFN)—y ELISpot response to the HIVV-1 Gag WR peptide pool 2 weeks after the
HIV-1 modified vaccinia virus Ankara boosting vaccination, according to age and previous
smallpox vaccination status. PBMCs, peripheral blood mononuclear cells.
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Results from a representative CD8* T cell-depletion experiment. Cryopreserved peripheral
blood mononuclear cells (PBMCs) from a volunteer were tested in an interferon (IFN)-y
ELISPOT assay of samples obtained 2 weeks after receipt of the modified vaccinia virus

Ankara boosting vaccination.
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Figureb.

Correlation between response in ELISpot testing for interferon (IFN)—y and interleukin (IL)-
2 production (A) and between IFN-y ELISpot response and T cell proliferation as measured
by 3H-thymidine incorporation (B). Pearson’s correlation coefficient was used for r and P
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Characteristics of 4 treatment groups in an HIV vaccine study that combined DNA priming vaccinations and a
modified vaccinia virus Ankara (MVA) boosting vaccination.

DNA priming vaccination

Treatment group  Left arm, env and rev2 (adjuvant)

Right arm, gag and RTmut2

MVA boosting vaccination, left arm

2 1D injections of 0.1 mL;
total, 0.4 mg DNA

Group Al (n = 5), IM injection of 108 pfu
Group A2 (n = 5), ID injection of 107 pfu

1 IM injection of 0.9 mL;
total, 1.8 mg DNA

Group B1 (n = 5), IM injection of 108 pfu
Group B2 (n = 5), ID injection of 107 pfu

A (n=10) 3 ID injections of 0.1 mL; total, 0.6 mg
DNA (none)

B (n=10) 1 IM injection of 1.0 mL; total, 2.0 mg
DNA (none)

cP(n=9) 3 1D injections of 0.1mL; total, 0.6 mg

DNA (GM-CSF protein, 150 pg SC via
needle under ID injection site)

2 1D injections of 0.1 mL;
total 0.4 mg DNA

Group C1 (n =5), IM injection of 108 pfu
Group c2b (n = 4), ID injection of 107 pfu

pb (n=9) 1 IM injection of 0.6 mL; total, 1.2 mg
DNA (GM-CSF protein, 150 pg IM at IM
injection site)

1 IM injection of 0.45 mL;
total, 0.9 mg DNA

Group D1P (n = 4), IM injection of 108 pfu
Group D2 (n = 5), ID injection of 107 pfu

NOTE. DNA priming vaccinations were administered at days 0, 30, and 90. The MV A boosting vaccination was administered at month 9. GM-
CSF, granulocyte macrophage colony stimulating factor (sargramostim); 1D, intradermal; IM, intramuscular; SC, subcutaneous.

Mith respect to DNA vaccinations, all IM injections were administered with a needle-free injection system (Biojector 2000; Bioject Medical
Technologies). All ID injections were administered with the same system, except for GM-CSF, which was administered SC with a needle.

One volunteer who received only 1 DNA injection was not included in the analysis. See Methods for details.
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Table 2

HIV-1-specific peptide pools used in ELISpot assays of peripheral blood mononuclear cells from study
volunteers who received HIV vaccine.

Peptide pool Protein Peptidenumber  Clade Source
Gag 12 pl7 1-26 B Thermo Scientific
Gag 112 p24 27-71 A Thermo Scientific
Env 18 gp120, including V1 and V2 1-50 A/B  Thermo Scientific
Env 118 gp120, including V3-V5 51-100 A Thermo Scientific
Env 1112 gp4l 101-169 B Thermo Scientific
RT I pol 1-55 B NIBSC
RT I pol 56-110 B NIBSC
Gag WRD p6, p7, pl7, p24 1-160 A WRAIR

NOTE. MVA, modified vaccinia virus Ankara; NIBSC, National Institute for Biological Standards and Control; WRAIR, Walter Reed Army
Institute of Research.

a . - - . . .
DNA vaccine clade A-specific and clade B-specific peptides. All peptides were 15-mers with 10-aa overlap.

The peptides included in the Gag WR pool were specific for the HIV inserts in MVVA and were 15-mers with an 11-aa overlap. This peptide pool
was included in assays of samples obtained at the time of HIV-1 MVA boosting vaccination and 2 weeks after HIVV-1 MVA boosting vaccination.
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Summary of interferon y ISpot peptide pool reactivities in vaccinees 2 weeks after receipt of HIVV-1 modified
vaccinia virus Ankara boosting vaccination.

Peptide pool Responders, no. (%)
Gag | 11 (30)
Gag Il 24 (65)
Gag | or Gag Il 24 (65)
Gag WR 32 (86)
Env 18 (49)
Env I 3(8)
Env I 15 (41)
Any Env 24 (65)
Only Gag 9 (24)
Only Env 2 (5)
Gag and Env 22 (59)
Gag or Env 34 (92)
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