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Abstract

Immunogenicity, manufacturing feasibility, and safety of a novel, autologous dendritic cell (DC)-
based immunotherapy (AGS-004) was evaluated in ten human immunodeficiency virus type 1
(HIV-1)-infected adults successfully treated with antiretroviral therapy (ART). Personalized
AGS-004 was produced from autologous monocyte-derived DCs electroporated with RNA encoding
CDA40L and HIV antigens (Gag, Nef, Rev, Vpr) derived from each subjects’s pre-ART plasma.
Patients received monthly injections of AGS-004 in combination with ART. AGS-004 was produced
within a mean of 6 weeks and yielded 4-12 doses/subject Full or partial HIV-specific proliferative
immune responses occurred in 7 of 9 evaluable subjects. Responses were specific for the AGS-004
presented HIV antigens and preferentially targeted CD8™ cells. Mild adverse events included flu-
like symptoms, fatigue, and injection site reactions. No evidence of autoimmunity, changes in viral
load, or significant changes in absolute CD4* and CD8* T cell counts were observed. This pilot study
supports the further clinical investigation of AGS-004.
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Introduction

Antiretroviral therapy (ART) improves morbidity and mortality associated with HIV-1
infection without improving the immune system’s ability to control HIV-1 viral replication,
even after years of successful viral control. Immunotherapeutic strategies that enhance anti-
HIV immune responses are needed to control viral replication in order to limit or delay exposure
to ART [1]. Cytotoxic T lymphocyte (CTL) responses can only partially control HIV-1
replication [2] except in a very small percentage of patients with slow disease progression
[3]. This ineffective HIV-specific CTL response is due to dysfunction of both CD4* and
CD8* T cells [4-6]. Specifically, during disease progression, CD4* T cells decrease and
become poorly responsive to HIV antigens [7,8], while HIV-1-specific CD8* T cells exhibit
impaired effector function and selective depletion [9-11].

Immune therapy that promotes or restores potent CD8* Tresponses may therefore be a rational
treatment approach for HIV-infected patients, particularly if the treatment circumvents the need
for direct priming, activation and expansion of the CD4* T cell compartment, a potential source
for viral replication. Monocyte-derived dendritic cells (DCs) stimulate and coordinate cell-
mediated immunity through effects on CD8* T cells [12].

Immunization with DCs presenting tumor-associated antigens have demonstrated
immunogenicity, and in some patients antitumor effects were also observed [13,14].
Autologous DCs expressing HIV antigens have been evaluated for immunogenicity and anti-
viral activity upon administration to HIV-infected patients either in with ART or without ART.
Although well tolerated, only limited immunogenicity and/or viral control were observed
[15-19].

To better address the inherent problem of HIV-1 extreme genetic diversity when using
consensus or reference HIV protein sequences as immunogens, we developed a personalized
immunotherapy using electroporation of DCs with autologous HIV antigen encoding RNAs
to achieve antigen presentation, plus co-electroporation of cells with RNA encoding CD40L,
the latter to achieve DC maturation. We have previously shown that ex vivo cytokine maturation
of DCs followed by electroporation with RNA encoding CD40L protein, along with the RNA
antigen payload, can improve the immunopotency of the final DC product [20,21]. Moreover,
we have shown that DC matured by a CD40L dependent process and electroporated with RNAs
encoding HIV antigens induce polyclonal immune responses in vitro [21,22]. In the present
pilot clinical study, we evaluate an autologous DC-based immunotherapy (AGS-004) that uses
autologous amplified HIV RNAs encoding Gag, Rev, Vpr and Nef as a source of HIV-1
antigens to stimulate CTL responses in HIV-1-infected patients treated with ART.

The choice of HIV antigens was based on data showing that Gag, Rev, Vpr and Nef are
immunogenic and may contribute to viral load control [23-26]. To preserve full functionality
of the DCs, a reduced quantity of Nef RNA was used compared to the other antigens [27] and
the Vpr gene was truncated to remove its ability to suppress IL-12 and impact DC maturation
[28,29]. The DCs in the AGS-004 product are fully mature at the time of administration and
are capable of exclusively inducing CD8* CTL responses without a requirement for CD4* T
cell help [21,22]. Thus, AGS-004 was specifically designed to overcome viral variability and
immune suppression mechanisms exerted by HIV-1 to inhibit DC maturation.
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The present pilot study was designed to assess the immunogenicity, feasibility of production
and delivery, and safety of AGS-004 in adult patients infected with HIV-1 receiving ART.

Materials and Methods

Study Subjects

Adults with documented HIV-1 infection with plasma HIV-1 RNA levels of <200 copies/mL
and receiving their first ART regimen for at least 12 weeks prior to entry were enrolled at the
McGill University Health Centre (Royal Victoria Hospital), Montreal, Quebec, between
August 2006 and September 2007 (Clinical trial registry number NCT00381212).

All subjects had CD4* T cell counts > 350 cells/mm?3 in the four weeks before study entry.
Frozen plasma drawn approximately four weeks before starting ART (pre-ART plasma sample)
was available for all eligible subjects. Subjects were free from co-infection with hepatitis B or
C and had no prior lymph node irradiation or dissection. Subjects had not received previous
HIV-1 immunotherapy or used systemic steroids or hydroxyurea. All subjects gave written
informed consent, and the study was approved by the Royal Victoria Hospital Research Ethics
Board.

AGS-004 Manufacturing

AGS-004 was produced according to current Good Manufacturing Practices (cGMP) at Argos.
RNA was extracted and amplified from pre-ART plasma samples to generate HIV Gag, Rev,
Vpr and Nef antigensas previously described [22]. CD40L RNA was transcribed in vitro from
a CD40L-encoding plasmid using a co-transcriptional capping method (mMessage mMachine
T7 Ultra, Ambion, Austin TX) [30]. The purified, sterile, endotoxin-free HIV antigen RNAs
and polyadenylated CD40L RNA were formulated at a ratio of 0.25:1:1:1:4 ug for Nef, Gag,
Rev, Vpr and CD40L in vitro transcribed RNAs, respectively[22].

Peripheral blood mononuclear cells (PBMCs) were obtained from each subject by standard
leukapheresis (COBE Spectra Apheresis System, Caridian BCT, Lakewood, CO), and
collected in a sterile, disposable, single-use cytapheresis bag that was transported to the Argos
facility. PBMCs were isolated using Ficoll density gradient centrifugation. Monocytes were
isolated from PBMCs through adherence to tissue culture plastic and cultured for six days with
granulocyte macrophage-colony stimulating factor (GM-CSF) and interleukin-4 (I1L-4) to
generate immature DCs. DC maturation was initiated by overnight culture on day 6 with TNF-
a, IFN-y, and PGE; as previously described [21].

CD40L RNA and autologous HIV-1 antigen RNA encoding Nef, Vpr, Gag, and Rev were
electroporated into autologous DCs on day 7. The final AGS-004 product was suspended in
10% DMSO and 5% Dextrose for Injection in autologous plasma, quality control tested for
sterility and immunophenotype (post thaw viability 78% + 9%; CD40L expression 71% + 17%)
and cryopreserved as individual doses.

Study Design

Eligible subjects received intradermal injections of AGS-004 every 4 weeks for 4 treatments
(Weeks 0, 4, 8 and 12). The target dose of AGS-004 was 1.0 x 107 DCs delivered in three
injections of 0.2 mL each (0.6 mL total volume) to a single axillary lymph node area. At each
treatment visit, blood was drawn prior to AGS-004 injection for routine hematology, clinical
chemistry analysis, HIV-1 viral load and lymphocyte cell counts, autoimmunity, and immune
monitoring. Subjects were observed for two hours following each injection and called on the
day following injections to evaluate safety. A post-treatment leukapheresis occurred at week
14 to obtain cells for immune monitoring.
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Study Endpoints and Assessments

Results
Subjects

The primary endpoint was the change from baseline in the proliferative capacity of CD8* T
cells in response to the four HIV RNA-encoded antigens expressed in AGS-004. Samples were
assayed for T cell responses to AGS-004 HIV antigens using a previously reported assay
[11] (National Immune Monitoring Laboratory Montreal, Canada). T cell reactivity to all four
AGS-004 HIV antigens was measured using a CSFE proliferation assay. PBMC from subjects
were labeled with CFSE and co-cultured with DCs electroporated with the RNA encoding the
four HIV genes plus CD40L, analogous to the manufacturing process, as stimulators at a 40:1
ratio in RPMI 1640 medium plus 10% heat-inactivated AB serum. After 6 days of co-culture,
cells were harvested and stained for immunophenotyping (CD3/CD4/CD8/CD28/CD45RA/
CCRY). DC:s electroporated with RNA encoding CD40L and enhanced green fluorescent
protein (eGFP) served as a negative control stimulators. Data were acquired on an LSR2 flow
cytometer (Becton Dickinson Biosciences, US), and analyzed using Becton Dickinson Diva
software. Assays were performed in triplicate and data were reported as mean percentage of
either CD3*/CD4* or CD3*/CD8* T cells that were CFSE!®Y (indicating dilution of CFSE
staining resulting from cell proliferation that occurred after stimulation).

Success of AGS-004 manufacturing was measured by the ability to produce AGS-004 and
provide the first dose of AGS-004 to each subject within 12 weeks (84 days) of the initial
leukapheresis.

Safety was evaluated by physical examinations, clinical laboratory hematology, absolute
CD4" and CD8™ T cell counts, and autoimmunity tests at treatment and post-treatment visits.
Adverse event evaluations were made at each treatment visit and at the follow-up visit.
Specifically, autoimmunity was assessed based on clinical and laboratory evaluations of
antinuclear antibodies, rheumatoid factor, anti-double stranded DNA antibodies, total
hemolytic complement (CH50), anti-thyroid antibodies, and indirect Coombs test at screening,
at each dosing visit, and at the discontinuation visit. Injection site reactions were assessed for
2 hours following each injection and by a follow-up phone call 24 hours after each injection.

The study was designed to assess up to 10 evaluable subjects with the objective of having a
total of 8 subjects for whom a complete set of data and biologic samples would be available
for the assessment of the primary endpoint. Descriptive statistics were used. The primary
endpoint was met if a change >2-fold from baseline in the proliferative capacity of CD8* T
cells was recorded at any time after dosing with AGS-004. A positive response was defined as
the percentage proliferation of CD8" T cells to HIV antigens minus the percentage proliferation
to the GFP negative control plus 3 standard deviations. The study was considered positive if
> 4 subjects met the primary endpoint.

Twelve subjects were screened and RNA was successfully manufactured from 10 of the 12
pre-ART plasma samples. AGS-004 was successfully generated and administered to 10
subjects. Nine enrolled subjects were evaluable for the primary endpoint, received all four
doses and had a mean duration of AGS-004 treatment of 84 + 8 days. One subject was not
evaluable to the inability to generate cells for immune monitoring at week 14. Demographics
and baseline characteristics for each subject are shown in Table 1. All subjects were white
males with a mean age of 39 years. Median CD4* T cell nadir prior to initiating ART was 264
cells/mm?3 and median pre-ART viral load was 8.2x10° copies/mL. HIV-1 viral load was
undetectable (<50 copies/mL) at baseline and throughout the duration of the study for all
subjects.
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Immunogenicity

Feasibility

Safety

CD8* T cell proliferative responses are shown in Table 2 for the 9 evaluable subjects. Four
subjects had increases in proliferation in response to DCs electroporated with RNA encoding
the four autologous HIV antigens plus CD40L, representing the AGS-004 product, which met
the criteria for a full response. Three additional subjects had increases representing partial
responses to the AGS-004 product. The proliferative response to all four HIV antigens was
specific to the CD8* T cell pool as shown by the “heat” maps in Figure 1. The intensity of the
proliferative response is represented by a linear distribution of colors and range from blue (no
response) to red (greatest response) for CD8* and CD4* T cell pools at baseline, and weeks 4,
8 and 12. There was only one weak CD4" proliferative response in a single subject at week 8.
In contrast, CD8* proliferative responses greater than the negative control plus 3 standard
deviations were measured in 7/9 subjects.

Ten subjects” AGS-004 products were successfully manufactured within a mean of 6 weeks
(range of 33-69 days). Manufacturing lots yielded 4 to 12doses of AGS-004 for each subject
in one production cycle. Immunophenotyping demonstrated expression of the cell-surface
activation markers CD80, CD83, and CD86 (data not shown) and confirm that DC
electroporation with the four antigen-specific HIV RNAs did not impair DC maturation.

Seven of ten subjects had at least one treatment emergent adverse event as summarized in Table
3. Events considered possibly or probably related to AGS-004 treatment were reported in six
subjects and were grade 1, including diarrhea, axillary pain, influenza-like illness, injection-
site reactions, fatigue, headache and low rheumatoid factor increase. Injection site reactions
evaluated 2 hours after treatment included reports in 4 patients of mild or Grade 1 levels of
pain or soreness (n=5), mild erythema (n=7), mild induration (n=1) and itching (n=3) at the
injection site 2 hours after injection. No subject discontinued due to any adverse event. In the
24 hr follow-up phone calls (not captured as adverse events) made by the site staff after each
treatment, 5 subjects had reports of injection site reactions and 2 reported flu-like symptoms.

The autoimmunity panel and assessment of related clinical signs and symptoms (rash,
cytopenia, and arthralgia) showed negative values throughout all study visits except for one
subject who had a transient elevated rheumatoid factor at screening, weeks 12, and 18 without
any clinical evidence of autoimmunity.

Two unrelated serious adverse events occurred in two subjects: (1) acute cholecystitis occurring
seven months after the final AGS-004 injection resulting in cholecystectomy and (2) acute
appendicitis two months after the completion of AGS-004 injection resulting in an
appendectomy.

There were no changes in vital signs (blood pressure, heart rate, respiratory rate, and body
temperature) during the 2 hour assessments following each AGS-004 injection that were
considered clinically relevant. There were no clinically relevant changes in clinical laboratory
tests during the course of the study and no subject treated with AGS-004 experienced any
evidence of adenopathy at any time during the study.

No clinically relevant changes throughout the study in CD4* and CD8" T cell counts were
observed. Figure 2 shows individual CD4"* T cell counts over time for each subject and the
median cell counts. The CD4*/CD8" ratio remained relatively constant from baseline through
all treatment and follow-up assessments, with variations that were not considered clinically
relevant. HIV-1 viral loads remained undetectable throughout the study.
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Discussion

Immunotherapy with autologous DCs electroporated with RNA encoding CD40L and RNA
encoding autologous HIV antigens appears to be clinically feasible, safe, and may be associated
with CD8* T cell proliferative responses in infected HIV-1 patients receiving ART. Although
the study was limited by the small numbers of patients, we enrolled patients ranging in age
from 23-55 years who had viral loads that were undetectable at entry and that remained
undetectable for the entire study. There were no unexpected tolerability issues and no evidence
of autoimmunity in the course of the study. The potential for autoimmunity to occur in response
to this immunotherapeutic approach is possible but has not been substantiated by this study.
Autoimmunity panels were negative for all but one subject with elevated rheumatoid factor
that was not associated with any clinical evidence of autoimmunity. These results are consistent
with DC-based immunotherapy approaches in general [31], those using RNA-encoding
antigens [32] and those specifically targeting HIV-1 [15-17,19]. The most common adverse
events occurring in this study were grade 1 fatigue, flu-like illness, and transient injection-site
reactions. AGS-004 was administered intradermally rather than subcutaneously or by other
routes in order to promote more efficient migration to lymph nodes as suggested by clinical
and animal data [33,34]. There was no indication of adenopathy in any subject.

The induced immune responses preferentially targeted the CD8™ rather than the CD4* T cell
compartment as expected since the antigens are expressed from RNA translated in the cytosol,
thereby leading to primarily MHC class I-restricted epitope presentation [35]. There were no
clinically significant changes to the absolute CD4* and CD8* T cell counts over the course of
the study which is consistent with a lack of non-specific T cell activation. This finding is
significant since specific or non-specific T cell activation may be associated with greater viral
rebound and reduced time to ART resumption following therapeutic immunization with the
ALVAC-HIV product [36].

CD8* T cell proliferative responses were elevated relative to baseline at 4 and/or 8 weeks for
all subjects with full or partial responses. Responses in three subjects returned to baseline levels
at 12 weeks. This may be due to multiple factors including migration of antigen-reactive cells
from the peripheral blood or a change in the proliferative potential as a consequence of
maturation of the immune response from a proliferative to a non-proliferative effector cell
status. Significant inter-individual variability in the proliferative CD8* T cell responses to
AGS-004 was observed, and there was no clear relationship between responses and baseline
patient characteristics (e.g., higher CD4* T cell nadir, acute/early or chronic infection at the
time of initiation of ART). It remains unknown whether or how the variability, elevation, and
attenuation of proliferative responses correlate with improvement in immune function or
control of viral replication [37].

This clinical study confirms previous proof-of-concept studies and in vitro findings that HIV-1
antigens encoded by RNA can be translated and presented by DC to induce MHC class I-
restricted polyclonal immune responses [21,22]. The multiplex RT-PCR strategy used to
amplify the target antigen RNA permits reliable strain-independent amplification of highly
polymorphic target antigens from subjects without the requirement of knowing the individual’s
viral sequence or needing to custom-design PCR primers for each individual. The functional
characteristics of DCs electroporated with CD40L-encoding RNA and the four HIV-1 antigen-
derived RNAs were maintained as determined by immunophenotyping for DC markers
indicative of maturity. Thus, AGS-004 presents autologous HIV-1 viral sequences derived
from a multitude of infectious quasispecies that arise under CTL pressure, and presents these
antigens using fully-matured DCs. This novel approach may form the foundation for successful
anti-HIV-1 immunotherapy. We also demonstrated the feasibility of generating a patient-
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derived, autologous HIV-1 immunotherapy and providing the first dose to each subject within
a range of 33-69 days of the subject’s leukapheresis.

In summary, AGS-004, an autologous CD40L matured DC immunotherapy using autologous
RNA encoding Gag, Rev, Vpr and Nef as the source of HIV-1 antigens, represents a novel and
promising approach to the stimulation of the host immune system in HIV-1 infected subjects.
Since controlled ART treatment interruption can be an effective tool in defining clinical
responses to HIV-1 immunotherapy [38,39], a phase Il multicenter trial to assess the ability of
AGS-004 immunotherapy to improve immune control of HIV-1 replication following ART
discontinuation is currently in progress in Canada and the US.
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CD8+ proliferation CD4+ proliferation
Subject | baseline  wk4 wk8 wk 12 | baseline wk4d wk8 wk12

Figure 1.
Heat map for proliferative response to AGS-004 HIV antigens for all evaluable subjects. Values
represent the difference between eGFP control plus 3SD and HIV antigen induced CD8* or
CD4™" T cell proliferation at baseline, 4, 8 and 12 weeks derived from triplicate cultures. Colors
represent a linear distribution of the data where blue corresponds to the lowest value (0.00)
and red is the highest value (26.87), observed. N/A= not available
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e \edian

Screening

AbsoluteCD4 * T cell counts for all subjects throughout the study. Numbers adjacent to gray
lines correspond to subject numbers in Tables 1 and 2. Black squares represent the median

values at each time point.
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Table 3

Treatment emergent adverse events reported in seven subjects.

Fatigue

Injection site reactions™*
Influenza-like illness
Headache

Diarrhea

Axillary pain

Rheumatoid factor increased
Nausea

Increased blood creatinine
Hematochezia

Eye infection

Insomnia

Squamous cell carcinoma

Gastroesophageal reflux disease

Gl pain
Appendicitis
Cholecystitis

Anemia

Number of subjects

5

~

N e T e e T T N S e S S N S )

Grade
1

[y

P W W W NN R R R R R R R R R

Subject number™
2,35,6,10
1,2,3,6
5,6
10
6
10
5
2
10

g N O N

*
corresponds to subject numbers in Tables 1 and 2

Fk

includes cases of mild or Grade lerythema, induration, itching, and/or pain/soreness evaluated 2 hours after treatment
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