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Abstract

Background—The development of an effective human immunodeficiency virus (HIV) vaccine 

is a high global priority. Here, we report the safety, tolerability, and immunogenicity of a 

replication-defective recombinant adenovirus serotype 5 (rAd5) vector HIV-1 candidate vaccine.

Methods—The vaccine is a mixture of 4 rAd5 vectors that express HIV-1 subtype B Gag-Pol 

fusion protein and envelope (Env) from subtypes A, B, and C. Healthy, uninfected adults were 

randomized to receive 1 intramuscular injection of placebo (n = 6) or vaccine at dose levels of 109 

(n = 10), 1010 (n = 10), or 1011 (n = 10) particle units and were followed for 24 weeks to assess 

immunogenicity and safety.

Results—The vaccine was well tolerated but was associated with more reactogenicity at the 

highest dose. At week 4, vaccine antigen–specific T cell responses were detected in 28 (93.3%) 

and 18 (60%) of 30 vaccine recipients for CD4+ and CD8+ T cells, respectively, by intracellular 

cytokine staining assay and in 22 (73%) of 30 vaccine recipients by enzyme-linked immunospot 

assay. Env-specific antibody responses were detected in 15 (50%) of 30 vaccine recipients by 

enzyme-linked immunosorbant assay and in 28 (93.3%) of 30 vaccine recipients by 

immunoprecipitation followed by Western blotting. No neutralizing antibody was detected.

Conclusions—A single injection induced HIV-1 antigen–specific CD4+ T cell, CD8+ T cell, 

and antibody responses in the majority of vaccine recipients. This multiclade rAd5 HIV-1 vaccine 

is now being evaluated in combination with a multiclade HIV-1 DNA plasmid vaccine.
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More than 40 million people are living with HIV/AIDS. Three million deaths occur annually 

because of HIV/ AIDS, with ∼5 million new infections occurring in 2005 [1]. Development 

of an effective vaccine would be an important intervention to help control the expanding 

global pandemic.

Adenovirus serotype 5 (Ad5) has been developed as a replication-defective recombinant 

vector (rAd5) to deliver intracellular genes via a number of routes [2]. Vaccination with 

rAd5 results in transient intracellular gene expression followed by rapid clearance [3]. 

Cellular and humoral immune responses have been induced in preclinical studies of rAd5 

vaccines for HIV-1, simian immunodeficiency virus (SIV), and simian-human 

immunodeficiency virus (SHIV) [4–7]. This approach builds on previous successes with 

other infectious disease models, particularly for Ebola virus, against which nonhuman 

primates have been protected from lethal challenge [8, 9]. Recently, immunization of 

chimpanzees with rAd expressing hepatitis C virus (HCV) nonstructural genes resulted in T 

cell–mediated protection against heterologous HCV challenge [10]. These preclinical studies 

support the concept that gene-based vaccination can induce effective immunity against viral 

infections in primates.

The development of an HIV vaccine that is effective against multiple circulating viral clades 

remains a scientific priority and urgent public health need [11]. The rAd5 vaccine evaluated 

in the present clinical trial was designed to express an HIV-1 clade B Gag-Pol fusion protein 

and Env glycoproteins from HIV-1 clades A, B, and C. Here, we report the findings from 

the first phase 1 clinical trial of this multigene, multiclade rAd5 HIV-1 candidate vaccine.

SUBJECTS, MATERIALS, AND METHODS

Study design

Vaccine Research Center (VRC) 006 (National Institutes of Health [NIH] 04-I-0172) was a 

randomized, double-blinded, placebo-controlled phase 1 trial conducted at the NIH Clinical 

Center (Bethesda, MD) by the VRC (National Institute of Allergy and Infectious Diseases 

[NIAID], NIH, Department of Health and Human Services). Enrollment began 19 July 2004, 

and unblinding occurred on 27 May 2005. Eligibility criteria required that volunteers be 

HIV uninfected, 18−44 years old, amenable to risk-reduction counseling, and in good 

general health as determined by medical history, physical examination, and laboratory tests. 

Thirty-six volunteers were enrolled into 3 dose groups of 12 study subjects and were 

randomized to receive vaccine or placebo at a 5:1 ratio. Vaccine doses of 109, 1010, and 1011 

particle units (PUs; n = 10 subjects/group) and injection of the final formulation buffer as 

placebo (n = 6 subjects) were evaluated. A 1-mL intramuscular (deltoid) injection was 

administered on the day of enrollment. The NIAID Data Safety and Monitoring Board 

completed a safety review before each dose escalation. Safety evaluations included physical 

examination and monitoring of laboratory parameters. Local (pain, swelling, or redness) and 

systemic (fever, malaise, myalgia, headache, chills, or nausea) reactogenicity symptoms 

after vaccination were recorded on a 5-day diary card. Adverse events were graded for 

severity by use of a preapproved table that incorporated a 5-point scale and were coded by 

use of Medical Dictionary for Regulatory Activities terminology.
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To address a theoretical concern about the interaction of rAd5 with a naturally acquired 

adenovirus, subjects experiencing upper respiratory tract infection, urinary tract infection, 

gastroenteritis, or conjunctivitis within 4 weeks of the study injection had a specimen 

collected for adenoviral cultures. Specimens were cultured for 5 days via shell vial on a 

human lung epithelial cell line monolayer (Diagnostic Hybrid) and were screened for known 

adenovirus serotypes by an indirect fluorescent antibody staining method (VRK Bartels 

Viral Respiratory Screening and Identification Kit, Bartels).

Vaccine

The VRC-HIVADV014−00-VP vaccine is a 3:1:1:1 ratio of recombinant adenovirus vectors 

that encode for HIV-1 subtype B Gag-Pol fusion protein and Env glycoproteins from clades 

A, B, and C, respectively. The transgenes were developed at the VRC, and the design is 

shown in detail in figure 1. Protein expression was optimized by using preferential amino 

acid sequences found in human cells.

The transgenes were inserted into the GV11 (GenVec) adenoviral vector system, which is 

based on human serotype 5 and contains deletions of the E1 and E4 regions and part of the 

E3 region, rendering it replication defective. The vectors were as described elsewhere [14], 

except in the expression cassette contained in the E1 region (figure 1). The vector stocks 

were serially passaged on complementing mammalian cells (293-ORF6), to generate high-

titer stocks of replication-defective adenoviruses [15, 16]. The absence of replication-

competent adenovirus was verified by the product-release assays. The adenovirus vectors 

were purified from the cell substrate by a cesium chloride gradient centrifugation process, 

dialyzed into final formulation buffer, diluted to the desired concentration, and pooled to 

form the final vaccine product.

Clinical trial material was manufactured under contract at Molecular Medicine BioServices, 

under current good manufacturing practice conditions. The Vaccine Clinical Materials 

Program (operated by Science Applications International Corporation) provided quality-

assurance oversight of clinical production and release. In compliance with current US Food 

and Drug Administration guidance, the vaccine was tested for safety, purity, potency, 

identity, and quality before release. Placebo consisted of the final formulation buffer, which 

was custom manufactured by Cambrex.

Flow-cytometric analysis and enzyme-linked immunospot (ELISpot) assays

The frequency of vaccine antigen–specific cells was determined as described elsewhere 

[17]. Cryopre-served peripheral-blood mononuclear cells (PBMCs) were stimulated by use 

of peptide pools (15mer overlapping by 11 aa) representing the individual vaccine antigens 

(6 h with brefeldin A for the intracellular cytokine staining [ICS] assay and overnight for the 

ELISpot assay). Fixed, permeabilized cells were evaluated by flow cytometry for expression 

of CD3, CD4, CD8, and interferon (IFN)–γ and/or interleukin (IL)–2 and then analyzed 

using FlowJo software (Tree Star Software). IFN-γ ELISpot assays were performed using a 

commercial kit (BD Biosciences); results were read using a CTL ELISpot image analyzer 

(Cellular Technology) and are expressed as the mean number of spot-forming cells per 106 

PBMCs.
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Measurement of antibody responses

Standardized research ELISAs were performed to delineate the antibody response to viral 

antigens encoded in the vaccine. End-point titers of antibodies were determined using 96-

well Immulon 2 plates (Dynex Technologies) coated with a preparation of purified 

recombinant HIV proteins [17]. The end-point titer was calculated as the most dilute serum 

concentration that gave an optical density reading >0.2 above background. Analysis by 

immunoprecipitation followed by Western blotting (IP–Western blotting) [13], HIV-1 

neutralization [18], and Ad5 neutralization [19] was done. Subjects were screened using a 

commercial ELISA (Abbott Laboratories HIV-1/HIV-2 rDNA) and Western blotting 

(Genetic Systems HIV Western blot kit; Bio-Rad Laboratories; performed at the Mayo 

Laboratory, Rochester, MN).

Statistical methods

T cell data are summarized by positive response rates to individual peptide pools and exact 

2-sided 95% confidence intervals (CIs). Positivity criteria for ICS and ELISpot data 

consisted of a statistical hypothesis test for a difference between stimulated and 

unstimulated wells and a minimal level of response requirement (i.e., the difference had to 

be statistically significant and exceed a threshold). For ICS responses, Fisher's exact test (α 

= .01) was applied to each antigen-specific response versus the negative control response, 

with a Holm adjustment for multiplicity. The minimum threshold for background-corrected 

positive-response percentage was 0.0241% for CD4+ T cells and 0.0445% for CD8+ T cells. 

These thresholds were selected to give a 1% false-positive rate in a VRC ICS validation 

study that included 34 HIV-1–seronegative individuals and that used 8 HIV peptide pools; 

only 2 (0.007%) of 272 individuals had responses exceeding the thresholds. For ELISpot 

responses, a permutation test (α = .05) was applied using the Westfall-Young approach to 

adjust for multiplicity [20]. The threshold was 50 sfc/106 PBMCs. A variance filter for the 

antigen-specific responses was also used: samples with a ratio of antigen-well variance to 

(median + 1) of ≥100 were excluded; no such samples were found. SAS (version 9.1; SAS 

Institute) and Splus (version 6.0; Insightful) were used for all analyses.

RESULTS

Study population

The mean age of the study participants was 27.4 years (SD, 6.2 years); 56% were men, and 

44% were women (table 1). All subjects received the study injection, completed the diary 

card, and completed 24 weeks of clinical observation. Before vaccination, none of the 

placebo recipients had a preexisting Ad5 antibody titer ≥1:12, whereas 16 of the 30 vaccine 

recipients were seropositive for Ad5 antibody: 7 in the 109-PU group, 6 in the 1010-PU 

group, and 3 in the 1011-PU group.

Vaccine safety

Local and systemic signs and symptoms (i.e., reactogenicity) increased in frequency and 

severity with vaccine dose but were never of more than moderate (grade 2) severity. Local 

reactogenicity was reported by 2 (20%) of the 10 vaccine recipients in the 109-PU group, 8 
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(80%) of the 10 vaccine recipients in the 1010-PU group, and 10 (100%) of the 10 vaccine 

recipients in the 1011-PU group; by comparison, 2 (33%) of the 6 placebo recipients 

reported having at least 1 local symptom. Pain was the most frequently reported symptom; 

all local reactogenicity was recorded as being of mild (grade 1) severity, except for 1 report 

of moderate local pain by a vaccine recipient who received the 1011-PU dose (table 2). 

Systemic reactogenicity was reported by 2 (20%) of the 10 vaccine recipients in the 109-PU 

group, 6 (60%) of the 10 vaccine recipients in the 1010-PU group, and 9 (90%) of the 10 

vaccine recipients in the 1011-PU group; by comparison, 2 (33%) of the 6 placebo recipients 

reported having at least 1 systemic symptom. Systemic symptoms did not exceed mild 

severity at the 109- and 1010-PU doses, and all vaccine recipients remained afebrile. At the 

1011-PU dose, 6 (60%) of the 10 vaccine recipients reported having at least 1 systemic 

symptom of moderate severity (table 3). Of these 6, 4 reported having fever (3 mild and 1 

moderate in severity) beginning 18−24 h after injection. These 4 vaccine recipients reported 

having moderate headache 1 day after vaccination, and 3 of these vaccine recipients reported 

having at least 1 other moderate systemic symptom (malaise, myalgia, or chills). The fevers 

resolved within 24 h, and other symptoms decreased in severity within a day, although mild 

symptoms persisted for up to 4 days in some subjects.

Other adverse events that occurred after vaccination were either mild or moderate in severity 

except for a seizure that occurred 64 days after vaccination. This event was assessed as 

being unrelated to vaccination, on the basis of the timing and of a medical history of a 

seizure (3 years prior). There were 3 grade 2 adverse events assessed as being possibly 

related to vaccination, as follows: (1) asymptomatic neutropenia occurring 21 days after 

vaccination in a subject in the 109-PU group who had had documented transient mild 

neutropenia before vaccination; (2) an episode of diarrhea (1-day duration) occurring 3 days 

after vaccination in a subject in the 1011-PU group; and (3) steatohepatitis (fatty liver) in a 

subject in the 1011-PU group that was diagnosed by ultrasound after observation of a 

persistent grade 1 elevated alanine aminotransferase level noted 25 days after vaccination 

and lasting for ∼5 months. This last event was assessed by a hepatologist as most likely 

being related to recent rapid weight gain and alcohol consumption.

Eight specimens were obtained from 6 vaccine recipients after the onset of upper respiratory 

tract infections (pharynx; n = 7) or a urinary tract infection (urine; n = 1) for adenovirus 

culture. All cultures were negative for adenovirus. A stool sample could not be obtained 

from 1 subject with transient diarrhea.

Overall, 18 (60%) of the 30 vaccine recipients had vaccine-induced HIV-1 antibody detected 

by commercial ELISA at the first postvaccination testing time point (week 12), and all 

antibody responses persisted through week 24. The frequency of diagnostic ELISA 

positivity increased with vaccine dose: 3 (30%) of 10 in the 109-PU group, 6 (60%) of 10 in 

the 1010-PU group, and 9 (90%) of 10 in the 1011-PU group (table 4). Western blots were 

indeterminate or positive at week 24 in 0 (0%) of the 10 vaccine recipients in the 109-PU 

group, 4 (40%) of the 10 vaccine recipients in the 1010-PU group, and 8 (80%) of the 10 

vaccine recipients in the 1011-PU group.
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Vaccine-specific antibody responses

At week 4, IP-Western blotting (figure 2A and 2B) indicated that 28 (93.3%) of the 30 

vaccine recipients had developed antibody to EnvB (figure 2C). By research ELISAs, 15 

(50%) of the 30 vaccine recipients had developed an antibody response to 1 or more vaccine 

antigen by week 4, with the greatest frequency of response being to EnvC. The geometric 

mean reciprocal titer of antibody to Env in the 1011-PU group at week 4 among responders 

was 200, 310, and 1010, for EnvA, EnvB, and EnvC, respectively (figure 2D). The ELISA 

titer for each Env antigen was significantly higher at the 1011-PU dose than at either the 109- 

or 1010-PU dose (P<.001, Wilcoxon rank sum test). Weak antibody responses to Gag were 

noted in 1 (10%) of the 10 vaccine recipients in the 1010-PU group and 5 (50%) of the 10 

vaccine recipients in the 1011-PU group. There was a greater magnitude of antibody 

response to EnvC than to EnvA (P = .022, Wilcoxon rank sum test) and a trend toward 

greater responses to both of these antigens compared with responses to EnvB (P = .051, 

Wilcoxon rank sum test).

No HIV-1–specific neutralizing antibody was detected. Serum samples obtained from 

vaccine recipients at week 4 and week 24 after vaccination and diluted 1:10 did not 

neutralize viruses HXB2 or SF162.

Vaccine-induced T cell responses

Antigen-specific CD8+ T cell responses were detected 2 weeks after vaccination in most 

vaccine recipients and peaked at week 4 (figure 3). T cell responses were observed by both 

ICS assay (IFN-γ and/or IL-2) and ELISpot assay (IFN-γ). The Env antigens elicited the 

most frequent response (figure 4A and 4B).

Twenty-eight (93.3% [95% CI, 77.9%−99.2%]) of the 30 vaccine recipients had a positive 

CD4+ T cell response to at least 1 Env peptide pool by week 4. Twenty-seven (90% [95% 

CI, 73.5%−97.9%]) of the 30 had a CD4+ T cell response to at least 1 Env peptide pool, 15 

(50% [95% CI, 31.3%−68.7%]) of the 30 had responses to Gag, and 16 (53.3% [95% CI, 

34.3%− 71.7%]) of the 30 had responses to the Pol peptide pools by week 4 (figure 3). The 

magnitude of CD4+ T cell responses ranged from 0.0013% to 0.15%, and the median 

response peaked at week 4 (figure 4A). The magnitude of the peak response did not appear 

to be affected by vaccine dose (figure 4B). However, at week 24, there was a trend toward a 

dose effect with respect to the persistence of CD4+ T cells responses (table 5).

At week 4, 20 (66.7% [95% CI, 47.2%−82.7%]) of the 30 vaccine recipients had a CD8+ T 

cell response stimulated by at least 1 Env peptide pool, 5 (16.7% [95% CI, 5.6%−34.7%]) of 

the 30 had responses to Gag, and 12 (40% [95% CI, 22.7%−59.4%]) of the 30 had responses 

to the Pol peptide pools (figure 3). The magnitude of the CD8+ T cell responses ranged from 

0.0019% to 0.69%, and the median response peaked at week 4 (figure 4A). By week 24, 

there was a trend toward better persistence of CD8+ T cell responses in the highest dose 

group (table 5).

ELISpot responses (the IFN-γ end point in unfractionated PBMCs) peaked at week 4, with 

22 (73.3%) of the 30 vaccine recipients showing a response to 1 or more of the 

vaccinespecific peptide pools. The frequency of ELISpot responses to specific peptide pools 
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at week 4 were 20 (66.7%) of 30 for EnvA, 14 (46.7%) of 30 for EnvB, 5 (50%) of 30 for 

EnvC, 10 (33%) of 30 for Pol-1, 9 (30%) of 30 for Pol-2, and 7 (23.3%) of 30 for Gag 

(figure 3). The geometric (background-corrected) means at week 4 for all dose groups 

combined, in order of magnitude, were 68 sfc/106 PBMCs for EnvA, 60 sfc/106 PBMCs for 

EnvB, 49 sfc/106 PBMCs for EnvC, 23 sfc/106 PBMCs for Pol-1, 23 sfc/106 PBMCs for 

Pol-2, and 13 sfc/106 PBMCs for Gag. The magnitude (figure 4A) and frequency (table 5) of 

antigen-specific ELISpot responses were consistent with the pattern observed by ICS assay.

The overall magnitude of the T cell responses and the kinetics of the responses for CD4+ 

and CD8+ T cells show that the peak responses occurred during week 4 after vaccination 

(figure 5A). The magnitude of the ELISpot response in the 1011-PU group was maintained 

through the 24 weeks of the study.

Vaccine recipients who were seropositive for Ad5 antibody before vaccination frequently 

mounted cellular responses to the vaccine antigens (figure 5). However, evaluation of the 

number of total spot-forming cells (sum of highest Env response plus the Gag and the Pol 

responses) revealed a significant effect of preexisting Ad5 neutralizing antibody for all rAd5 

doses at weeks 4, 12, and 24 (P<.002 for all, linear mixed effects model). Overall, for 

subjects with a preexisting reciprocal 90% Ad5 neutralization titer<1:12, the total ELISpot 

response was 3.29 times higher than that in subjects who were seropositive for Ad5 antibody 

(figure 5B).

DISCUSSION

The induction of significant T cell and antibody responses in nonhuman primates by use of a 

multiclade rAd5 prototype and the conferment of protection from SHIV and SIV challenge 

provided the rationale for the present clinical trial. rAd5 vectors have several attractive 

features, including (1) scalable manufacturing in stable cell lines approved for other human 

biologics; (2) efficient gene delivery to antigen-presenting cells [21]; (3) potent transient 

protein expression; (4) induction of innate immune responses; (5) induction of antibody 

responses; (6) intracellular production of antigen, allowing induction of both CD8+ and 

CD4+ T cell responses [22]; and (7) induction of immunity after a single injection.

The present study identified a delivery approach and dose of a candidate multiclade HIV-1 

rAd5 vaccine that was assessed as safe and immunogenic. Vaccination did not cause severe 

adverse reactions. The highest dose of rAd5 caused a moderate, short-lived syndrome of 

headache, myalgia, malaise, and fever that began within 24 h after vaccination. Therefore, it 

is expected that dose-dependent systemic reactogenicity may follow rAd5 vaccination.

The induction of HIV-specific cellular immunity is a major goal for HIV vaccine 

development. HIV-specific CD8+ T cell responses clear virus-infected cells and appear 

during the declining viremia that follows acute infection [23, 24]. High levels of CD8+ T 

cells present during chronic HIV-1 infection suggest their importance in the control of 

viremia [25–34]. HIV-specific CD4+ T cell responses also peak early during infection; 

however, this response diminishes soon after seroconversion [35, 36]. Maintenance of a 

functional HIV-specific CD4+ T cell response correlates with long-term nonprogression of 
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HIV disease [37]. In addition, nonhuman primate models of lentivirus infection have shown 

that either CD8+ T cell depletion or mutation of key CD8+ T cell epitopes within the 

circulating virus results in increased levels of viremia and disease progression [32, 38]. 

These observations suggest that HIV-1–specific CD4+ and CD8+ T cells are important for 

controlling HIV replication and preventing disease progression.

The present study demonstrates that a single rAd5 immunization can induce HIV-specific 

CD4+ and CD8+ T cell responses in the majority of vaccinated subjects (response rates by 

week 24 were 28/30 [93.3%] and 20/30 [60%], respectively). The peak cellular response 

occurred 4 weeks after vaccination, and the frequency of detectable responses diminished 

during the 24-week follow-up period. The peak cellular immune response was not dose 

related, although there was a greater frequency of responses in the higher dose groups and 

greater frequency of detectable cellular responses for 24 weeks in the 1011-PU group. The 

frequency and magnitude of both CD4+ and CD8+ T cell responses to rAd5 immunization as 

measured by the ICS and ELISpot assays were similar to those induced by 3 doses of 

plasmid DNA vaccine expressing matching vaccine antigens [17]. Defining the duration of 

response more precisely will require larger studies, which are currently under way.

Generating a neutralizing antibody response to HIV-1 may be the greatest challenge to the 

development of a protective HIV vaccine [39]. Although rAd5 vaccination induced modest 

levels of HIV-specific antibodies as measured by ELISA (∼10-fold higher magnitude than 

in DNA-primed subjects [17]), it did not induce significant HIV-1 neutralizing antibodies to 

HXB2 or SF162. Typically, neutralizing activity is not detected in the serum of HIV-1–

infected humans or SIV-infected macaques until the ELISA titer is >1:100,000. By ELISA, 

there was a greater frequency and titer of HIV-specific antibodies in the 1011-PU group 

(figure 2D) than in the 109- or 1010-PU group, suggesting a threshold effect for antibody 

induction. The magnitude of antibody responses to EnvC was greater than that to EnvA (P 

= .022). However, it is not known whether this was related to the immunogenicity of EnvC 

in the vaccine or to enhanced antigenicity of the EnvC protein used in the ELISA. The rAd5 

vaccine induced HIV-1 Env–specific antibodies to multiple clades, but the induction of 

neutralizing antibodies remains an elusive goal.

The existence of neutralizing antibodies to Ad5 in adults has led to questions regarding the 

utility of rAd5-based vaccines in humans. Nonhuman primate studies have suggested that 

preexisting Ad5 immunity diminishes the cellular response to vaccine antigens [40] and that 

higher doses of rAd5 are required to overcome the immune inhibiting effects of preexisting 

Ad5 immunity. Selected vaccine recipients in the present study with high levels of Ad5 

neutralizing antibody mounted significant HIV-specific humoral and cellular immune 

responses, indicating that preexisting neutralizing antibodies do not preclude the induction 

of an immune response to the recombinant antigens expressed by rAd5. However, overall 

the subjects with preexisting Ad5 immunity had T cell responses that were ∼3-fold lower in 

magnitude than those of the Ad5-seronegative subjects.

The present clinical study identified 1010 PUs as a well-tolerated rAd5 dose that can 

stimulate a multiclade HIV-1 immune response in subjects with a range of preexisting Ad5 

antibody titers for further evaluation as a booster vaccine to be used in combination with a 
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multiclade HIV-1 DNA vaccine candidate [17]. Although some vaccine recipients at the 

1011-PU dose experienced a short-lived and self-limited syndrome of headache, myalgia, 

malaise, and fever, they also had better induction of HIV-1–specific antibody and a trend 

toward better maintenance of T cell responses. Therefore, additional studies evaluating dose 

are in progress concomitantly with the expanded studies evaluating the 1010-PU dose as a 

booster vaccine. The present clinical trial demonstrates the safety and immunogenicity of a 

rAd-based multigene, multi-clade HIV-1 vaccine in humans and may represent a step toward 

the development of a globally relevant vaccine regimen.

VACCINE RESEARCH CENTER (VRC) 006 STUDY TEAM
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Figure 1. 
Schematic of the design of the replication-defective recombinant adenovirus serotype 5 

(rAd5) vector vaccine. Four separate rAd5 vectors were produced using the same genetic 

backbone and manufacturing approaches. The HIV-1 vaccine antigen–expression cassettes 

in the E1 region contained the immediate-early cytomegalovirus (CMV) enhancer/promoter 

(GenBank accession no. X17403; nucleotide positions 174314−173566), positioned right to 

left with respect to the viral E1 region. This was followed by an artificial untranslated region 

of 144 bp and 3′ splice-site sequences, the open reading frame (ORF) of the gene to be 

expressed, and the simian virus 40 polyadenylation signal (SV40 poly A). The E4 region 

and a portion of the E3 region were also deleted as shown. A fusion Gag/Pol polyprotein 

was encoded by a synthetic ORF with nucleotide sequences based on the gag gene from 

clade B strain HXB2 (GenBank accession no. K03455) and the pol gene (pol/h) from clade 

B strain NL4−3 (GenBank accession no. M19921). Mutations (indicated by Xs), including 

the deletion of the carboxy-terminus of Gag (indicated by the triangle), were introduced in 

the protease and reverse-transcriptase genes to prevent processing of the pol gene products, 

reducing the potential for functional enzymatic activity [12]. This resulted in a fusion 

protein that directly reads through the frame shift in Gag (F2). To create synthetic gp140 

versions of the Env genes truncated at the transmembrane domain of gp41, sequences from 

clade A strain 92rw020 (CCR5 tropic; GenBank accession no. U08794), clade B strain 

HXB2 (X4 tropic; GenBank accession no. K03455) with V1 and V2 deleted and V3 

replaced with BaL sequence (GenBank accession no. M68893), and clade C strain 97ZA012 

(CCR5 tropic; GenBank accession no. AF286227) were used [13]. In each construct, the 

cleavage site and fusion peptide at the junction of gp120 and gp41 was deleted, and a 

portion of the interspace between the 2 heptad-repeat regions in gp41 was deleted. In 

addition, deletion of the V1/V2 loops from the EnvB construct was required to improve the 

stability of the vector during manufacturing. HR1–HR2, heptad-repeat regions in gp41; IN, 

integrase; NC, nucleocapsid; PR, protease; V1–V5, variable regions in envelope.

Catanzaro et al. Page 12

J Infect Dis. Author manuscript; available in PMC 2008 June 13.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Induction, specificity, and dose response of vaccine-induced antibody to clades A, B, and C 

Env proteins. A, Western blot analysis of the antigen captured by immunoprecipitation using 

prevaccination (pre) and week 4 (post) serum samples from 3 representative subjects in the 

placebo group and in the 3 dose groups receiving 109, 1010, or 1011 particle units (PUs). The 

analysis shows that Env-specific antibody is induced by the vaccine; arrows indicate the 

EnvB-specific band. B, Recognition of vaccine-induced antibody. Serum from 1 subject 

representing each of the dose groups shows that vaccine-induced antibody recognized all 3 

Env subtypes but not the Ebola virus glycoprotein–negative control (Ebola GP). Arrows 

indicate the Envspecific band. No positive bands were detected in any of the placebo 

recipients at any time point in the study. C, Frequency of positive antibody responders to 

EnvB at week 4 as measured by immunoprecipitation followed by Western blotting, for each 

dose group. D, Geometric means of the reciprocal dilution of antibody to purified gp140 for 

EnvA, EnvB, and EnvC for each subject at week 4, by dose group. Titers were determined 
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by endpoint titration ELISA. Error bars represent SDs. The dilution series began at 1:30, and 

negative samples were assigned a value of 1:15. The proteins used for ELISA were between 

85% and 90% pure as determined by Western blotting and polyacrylamide gel 

electrophoresis.
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Figure 3. 
Frequency of subjects with detectable T cell responses. T cell responses to each peptide pool 

in all dose groups are shown. Each box shows the entire time course for each T cell assay. 

The Y-axis of each box shows the frequency of positive responders to the respective peptide 

pool for each assay as percentage of subjects in a dose group (0%−100%). Red bars indicate 

CD4+ T cell responses as measured by intracellular cytokine staining (ICS) assay, green bars 

indicate CD8+ T cell responses as measured by ICS assay, and blue bars indicate CD4+ or 

CD8+ T cell responses as measured by enzyme-linked immunospot assay (ELISpot).
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Figure 4. 
Magnitude of T cell responses to specific vaccine components. T cell responses to each 

peptide pool for each dose group were measured by intracellular cytokine staining (ICS) 

assay to detect interferon (IFN)–γ and/or interleukin-2 and by IFN-γ enzyme-linked 

immunospot (ELISpot) assay for all placebo and vaccine recipients. A, Median magnitudes 

of peptide pool–specific responses, shown as a percentage of total CD4+ or CD8+ T cells for 

the ICS assay (scale 0−0.1) and as the no. of spot-forming cells per 106 peripheral-blood 

mononuclear cells (PBMCs) for the ELISpot assay (scale 0−150), by dose group. Both 

values are plotted on a linear scale. Each box shows the 24-week time course of the study 

for each T cell assay. Red bars indicate CD4+ T cell responses as measured by ICS assay, 

green bars indicate CD8+ T cell responses as measured by ICS assay, and blue bars indicate 

CD4+ or CD8+ T cell responses as measured by ELISpot assay. B, Magnitudes of EnvA-

specific T cell responses at study week 4 for each subject as measured by 3 assays. Shown 

are the percentages of CD4+ or CD8+ T cells producing cytokine as measured by ICS assay 

and the no. of spot-forming cells per 106 PBMCs as measured by ELISpot assay, by dose 

group. The box plots indicate the median, 25th, and 75th percentiles for each dose level, and 

the error bars show the 5th and 95th percentile. The horizontal dashed line on each plot 

indicates the threshold of positivity.
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Figure 5. 
Combined cellular responses to vaccine antigens. The highest Env response to a single 

subtype was added to the Gag and Pol responses for each subject as a measure of the total 

vaccine-induced T cell response, and the median for each dose group was plotted on a linear 

scale for the intracellular cytokine staining (ICS) and the enzyme-linked immunospot 

(ELISpot) assays. A, Median magnitudes for maximum Env (blue), Gag (grey), and Pol 

(brown) are shown as a percentage of total CD4+ or CD8+ T cells producing cytokine for the 

ICS assay and as the no. of spot-forming cells per 106 peripheral-blood mononuclear cells 

(PBMCs) for the ELISpot assay. Each box represents the 24-week time course; the scale is 

0%−0.2% of the total T cell subset for the ICS data and 0−300 sfc/106 PBMCs for the 

ELISpot data. B, Median magnitudes of total T cell response at week 4 as measured by the 

ICS assay (percentage of total CD4+ or CD8+ T cells producing cytokine) and the ELISpot 

assay (no. of spot-forming cells per 106 PBMCs). Subjects are grouped by preimmunization 
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90% adenovirus serotype 5 (Ad5) neutralization titers (<1:12 or ≥1:12); at screening, the 

proportion of subjects with an Ad5 antibody titer <1:12 was 6 (100%) of 6 in the placebo 

group, 3 (30%) of 10 in the group receiving 109 particle units (PUs), 4 (40%) of 10 in the 

1010-PU group, and 7 (70%) of 10 in the 1011-PU group. The scale is 0%−0.15% of the total 

T cell subset for the ICS data and 0−300 sfc/106 PBMCs for the ELISpot data.
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Table 1

Subject demographics.

Category, parameter Vaccine recipients (n = 30) Placebo recipients (n = 6) All subjects (n = 36)

Sex

    Male 15 (50) 5 (83.3) 20 (55.6)

    Female 15 (50) 1 (16.7) 16 (44.4)

Age

    18−20 years 0 (0) 1 (16.7) 1 (2.8)

    21−30 years 19 (63.3) 5 (83.3) 24 (66.7)

    31−44 years 11 (36.7) 0 (0) 11 (30.6)

    Mean ± SD, years 28.2 ± 6.4 23.5 ± 2.4 27.4 ± 6.2

Race

    White 23 (76.7) 4 (66.7) 27 (75)

    Black or African American 3 (10) 2 (33.3) 5 (13.9)

    Asian 2 (6.7) 0 (0) 2 (5.6)

    American Indian/Alaskan Native 0 (0) 0 (0) 0 (0)

    Multiracial 2 (6.7) 0 (0) 2 (5.6)

Ethnicity

    Non-Hispanic/Latino 28 (93.3) 5 (83.3) 33 (91.7)

    Hispanic/Latino 2 (6.7) 1 (16.7) 3 (8.3)

NOTE. Data are no. (%) of subjects, unless otherwise indicated.
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Table 2

Local reactogenicity.

Vaccine recipients

Placebo recipients 109 PUs 1010 PUs 1011 PUs

Local symptoms, intensity (n = 6) (n = 10) (n = 10) (n = 10)

Pain/tenderness

    None 4 (66.7) 8 (80) 3 (30) 0 (0)

    Mild 2 (33.3) 2 (20) 7 (70) 9 (90)

    Moderate 0 (0) 0 (0) 0 (0) 1 (10)

    Severe 0 (0) 0 (0) 0 (0) 0 (0)

Swelling

    None 6 (100) 10 (100) 9 (90) 10 (100)

    Mild 0 (0) 0 (0) 1 (10) 0 (0)

    Moderate 0 (0) 0 (0) 0 (0) 0 (0)

    Severe 0 (0) 0 (0) 0 (0) 0 (0)

Erythema

    None 6 (100) 10 (100) 7 (70) 9 (90)

    Mild 0 (0) 0 (0) 3 (30) 1 (10)

    Moderate 0 (0) 0 (0) 0 (0) 0 (0)

    Severe 0 (0) 0 (0) 0 (0) 0 (0)

Any local symptom

    None 4 (66.7) 8 (80) 2 (20) 0 (0)

    Mild 2 (33.3) 2 (20) 8 (80) 9 (90)

    Moderate 0 (0) 0 (0) 0 (0) 1 (10)

    Severe 0 (0) 0 (0) 0 (0) 0 (0)

NOTE. Data are no. (%) of subjects. Each subject was counted once for the worst severity recorded during the 5 days after vaccination. PUs, 
particle units.
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