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Abstract

This report describes the safety observations following administration of a polyvalent DNA prime-
protein boost HIV-1 vaccine formulated with adjuvant QS21. Local injection site reactionswere the
most common (65% of subjects), and included type IV delayed-type hypersensitivity (DTH) reactions
at prior DNA inoculation sites in 12 of 28 (43%) subjects following protein vaccination. Systemic
reactions revealed two cases of vasculitis temporally related to inoculation with recombinant Env
protein + QS21 adjuvant. Questions remain regarding the cause of the vasculitis, but the unique DTH
observation may have contributed to the high level of immune responses previously reported for this
vaccine.
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Over the past two decades, various HIV vaccines have been tested for safety and several for
efficacy in humans. However, the majority have not reproduced, in humans, the high
immunogenicity seen in preclinical testing. Recently, we reported that a novel multi-gene,
polyvalent DNA prime-recombinant protein boost HIV vaccine formulation, DP6-001, elicited
strong and balanced humoral and cell-mediated immunity in healthy, HIV-1-negative adult
subjects [1]. Preclinical testing of DP6-001 demonstrated no significant adverse reactions in
either rabbits or non-human primates despite the induction of robust immunity [2,3]. Previously
tested HIVV DNA vaccines have demonstrated excellent human safety profiles [4-9].
Recombinant protein-based HIV vaccines formulated with QS21 adjuvant have reported local
reactions, but have shown limited systemic adverse events in humans [10-15]. The current
report summarizes the phase 1 clinical safety and tolerability data, highlighting local and
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systemic reactions not previously associated with HIV Env-based vaccines, including delayed-
type hypersensitivity reactions occurring at previous vaccination sites, cutaneous
leukocytoclastic vasculitis (LCV) and Henoch-Schonlein Purpura (HSP).

The clinical trial was an open-label, 3-arm design requiring each subject to receive two vaccine
components; three sequential inoculations using a DNA plasmid vaccine administered either
intradermally (ID) or intramuscularly (IM) followed by two sequential inoculations using a
protein vaccine as shown in Table 1. Healthy HIV-negative adults (aged 18-50) were enrolled
under informed consent as previously described [1]. This study involved 2 dose levels of DNA
vaccines (1.2mg (Groups A and B); 7.2mg (Group C)) expressing five gp120 Env antigens
(HIV-1 clades A, B, C and E) and one Gag antigen (HIV-1 clade C), and a single dose level
of the same five recombinant expressed gp120 protein vaccines, produced and purified from
CHO cells, and mixed with QS21 adjuvant at the time of injection.

Vaccinations were halted following a case of LCV in a Group C subject after the first protein
boost, affecting the number of vaccinations administered and enrollment of subjects into Group
C. In this trial, 33 of 34 subjects received all three DNA vaccinations; one subject (Group C)
received only one DNA inoculation. Twenty-nine subjects (12 of 12, 11 of 12, and 6 of 10 in
Groups A-C, respectively) received at least one protein boost. Among them, twenty-two
subjects (11 in Group A and 11 in Group B) completed two protein boost inoculations (Table
2).

Adverse Events (AEs) were grouped into either local injection site reactions (ISR) including
pain, erythema, swelling and pruritis or systemic reactions including fever, myalgias, joint
pain, anorexia, headache, nausea, malaise, and generalized skin rash. Clinical and laboratory
adverse events were assessed for relatedness to the vaccine and were graded as mild to severe
(1 -4), according to the NIH’s Table for Grading the Severity of Adult and Pediatric Adverse
Events, Version 1.0, Dec 2004

(

http://rcc.techres.com/DAIDS%20RCC%20FORMS/ToxicityTables DAIDS_AE_GradingTable_FinalDec2004.pd

).

The AEs occurring in two or more subjects within 14 days of the indicated vaccination are
tabulated in Table 2. Local skin reactions comprised the majority of AE regardless of treatment
group. After each DNA immunization, Group A (ID) had significantly more skin reactions
than Groups B and C (IM), with no difference in severity (data not shown). Systemic reactions
myalgia (p=0.001), headaches (p < 0.001) and fever, although not significant, were more
common after protein inoculation in Groups B and C, compared to A, and severity tended to
increase with DNA dose (data not shown). Grade 3 and 4 AEs, including two laboratory AEs
(elevated gamma-glutamyl transferase [yGT] and hypoglycemia), vasculitis, and fever were
observed separately in four subjects.

There were a total of 87 skin reactions (one unrelated to a vaccination site) in the 34 subjects.
Based on the appearance and location, three clinically distinct types of skin reactions were
encountered and are shown in Figure 1 and Figure 2. Twenty-two of the 34 subjects (65%) in
the study developed localized skin erythema within hours after either DNA or protein vaccines.
Twenty DTH-like reactions were observed in 13 (39%) of 33 subjects who received at least
two vaccine doses. These reactions typically appeared 36—72 hours after injection of either the
DNA (8 reactions) or the protein vaccine (12 reactions). Fig. 1A depicts reactions at prior
forearm ID sites of DNA inoculation in a Group A subject following protein inoculation in the
deltoid. Fig. 1B is a reaction following the 15t protein boost that also developed in subjects at
the contralateral deltoid site, indicating reaction to previous IM DNA administration (Groups
B and C). The first four subjects with this type of skin reaction were confirmed by a dermatology
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consultation as type IV hypersensitivity reactions. The occurrence of DTH-like reactions was
more common in Group A (ID) (13 events in 8 of 12 subjects) compared to Group B (IM) (1
event among 12 subjects) (p=0.004), but was not different from Group C (high dose IM) (6
events in 4 of 9 subjects).

The second type of skin reaction (Fig. 1C) was probably related to QS21 based on prior reports
of similar reactions to Env proteins formulated with QS21 [10,15]. This pattern of erythema
typically developed <24 hours after inoculation and was associated with greater induration,
distinguishing it from the reactions depicted in Figures 1A and 1B. However, a hypersensitivity
reaction to the HIV antigens cannot be definitively excluded as a cause.

The third type of skin reaction occurred in two subjects, both developing vasculitis following
inoculation of the protein vaccine component. The Group C subject had grade 1 injection site
skin reactions following the DNA priming regimen consistent with DTH and after the first
protein inoculation complained of flu-like symptoms and subsequently developed a bilateral
rash extending proximally from the ankle to the mid calf (Figure 2A). A skin biopsy confirmed
the diagnosis of leukocytoclastic vasculitis (Figure 2B). The rash had near complete resolution
at the Day 7 safety visit following topical corticosteroid treatment. All symptoms resolved in
30 days and the 1-year closeout visit was normal. The second subject (Group B) had grade 2
injection site skin reactions (DTH) after DNA immunizations. Following the first protein boost,
the subject presented with RUQ abdominal pain, elevated liver enzymes (Grade-4 Laboratory
AE; yGT), elevated ESR, and transient trace hematuria initially attributed to a new prescription
for bupropion. No further vaccination was given to this subject. At the 1-year closeout visit,
the subject reported developing multiple flat purple-red lesions on the lower extremities about
8 weeks after receiving the protein vaccination. Physical examination at the closeout visit
revealed new multiple bilateral lower extremity lesions consistent with resolved purpura. The
subject related a prior diagnosis of Henoch-Schonlein Purpura as a young adult that was not
reported during the screening visit. The biochemical and clinical signs of hepatitis and purpura
following the 15t protein vaccination are consistent with reactivation of HSP. A panel of tests
for autoimmune responses conducted for the cases of vasculitis and four individuals with DTH
were negative, with only grade-1 elevations of CH50 in the LCV case and ESR in the case of
HSP.

These results raise questions regarding the reactogenicity of our DNA prime-protein boost
vaccination approach when a potent immune adjuvant, such as QS21, is included with the
protein components. One major difference between the current trial and previous QS21-
adjuvanted recombinant Env protein-based HIV vaccine trials [10,15] is that the current trial
included a series of three DNA priming inoculations. The high titer and quick rise of antibody
responses after only one protein boost [1] indicated a strong induction of immune priming by
the DNA vaccine. The different sites used for the sequential DNA priming, as well as two
sequential protein boost inoculations, enabled the clinical separation of DTH-like reactions
from local reactions induced by QS21 as reported in a previous HIV Env-QS21 vaccine study
[10]. DTH reactions have been reported in other vaccine studies involving prophylactic
vaccines against HIV [16], syphilis [17] and malaria [18], and a therapeutic vaccine for HIV
[19]. A previous detailed report of exaggerated skin reactions following re-administration of
gp160 in HIV+ subjects was attributed to contaminating insect cell proteins [20], and is not
similar to our observations of DTH or vasculitis. Our rabbit toxicology study demonstrated
gradual clearance of DNA plasmids over several months at skin and muscle sites of DNA
inoculations [3], suggesting that some skin reactions observed may be attributable to prolonged
presence of Env antigen at the DNA inoculation sites.

Vasculitis has been reported previously to occur following administration of several protein
antigen-based vaccines and is described in FDA package insert warnings on a variety of other

Vaccine. Author manuscript; available in PMC 2009 August 18.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Kennedy et al.

Page 4

vaccines [21-23]. These two cases of vasculitis are the first to be reported that were temporarily
related to inoculation using HIV-1 Env in combination with the saponin adjuvant QS21 in
humans. The etiology of LCV is not well understood but has been shown to be associated with
immune complexes, autoantibodies such as antineutrophil cytoplasmic antibody (ANCA), and
inflammatory mediators particularly those associated with endothelial adhesion molecules
[23,24]. In the general population, hypersensitivity vasculitis occurs in 10-30 cases per million/
year and 14 cases of Henoch-Schonlein purpura per million/year have been reported [23] with
up to one-half being idiopathic in nature. In our cases, no evidence of infection (including
CMV, EBV, and HBV), inflammatory bowel disease, malignancy, drugs or changes in diet
could account for the two cases of vasculitis. The temporal relationship to vaccination suggests
mechanisms for the vasculitis in our study could include a strong cytokine production or
enhanced reactions to Env antigen resulting from the adjuvant used, and/or another unknown
immune activation mechanism resulting in an amplified reaction to the protein-adjuvant mix
when the host is DNA primed. In support of a role for an adjuvant in the systemic events
observed, reactogenic events associated with several well known adjuvants, including QS21
have been reported [15,21,22,25-29].

The design of the phase | study does not allow firm conclusions to be drawn regarding the
etiology of these unusual local and systemic reactions. Given their occurrence in association
with the high antibody and cellular immune responses to HIV Env induced by this DNA prime-
protein boost vaccine, along with the recognition that HIV infected individuals display a varied
autoimmune antibody repertoire to self-antigens [30-35], a potential relationship to HIV Env
warrants consideration in the design and analysis of this and other vaccine trials.
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Figure 1.

Representative photographs of skin reactions observed after one protein vaccination in subjects
primed with DNA vaccines. (A) Type 1V hypersensitivity skin reaction (DTH-like) observed
at prior sites of intradermal DNA inoculation in a Group A subject; (B) DTH reaction at the
contra-lateral intramuscular deltoid (DNA) site in a Group B subject; and (C) Env-QS21
hypersensitivity reaction observed in < 24hr at the site of the intramuscular deltoid inoculation
in a Group B subject.
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A

B

Low resolution (10x)

Figure 2.
Lower extremity skin lesions in photograph (A) and light microscopy of the skin biopsy (B)
for leukocytoclastic vasculitis in a Group C subject
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