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The optimal adjuvantfor seasonalandpandemicinfluenzawould elicit a robustantibody,
CD4+ andCD8+ T-cell responseagainstthe vaccineantigens. An adjuvantconsistingof
cationic lipid DNA complexes(JVRS-100) hasbeenevaluatedwith seasonalinfluenzain
mice, rabbitsand non-humanprimatesin preparationfor a PhaseI clinical study. In the
non-humanprimatestudiesthe JVRS-100 adjuvant(2.5, 7.5 or 22.5µg) was mixed with
22.5µg of a split influenza vaccine (Fluzone®-sanofi pasteur) and administered
intramuscularlyat week 0 and 2. Vaccinationwith JVRS-100 Fluzone® resultedin a
significant increasein hemagglutinationinhibiting (HAI antibodies)to H1N1 (A/New
Caledonia/20/99), H3N2 (A/Wisconsin/67/2005) andB influenza(B/Malaysia/2506/2004)
comparedto vaccinealone. Humoral responseat two weeksfollowing a single doseof
adjuvanted vaccine were equivalent or greater when compared with two doses of
unadjuvantedvaccineat any time during thestudy. Furthermore,durability of thehumoral
responsewasincreasedasevidencedby increasedHAI titersup to 9 weeksfollowing initial
vaccination. Restimulationof non-human primate peripheralblood mononuclearcells
(PBMCs) with Fluzone® in vitro resulted in an increasein both CD4+ and CD8+
multifunctionalT-Cellswhich co-expressedTNF-�., IL-2 and/orIFN-�5. Theresultssuggest
that the JVRS-100 adjuvantincreasesthe magnitude,durability andquality of the immune
response,making it an attractivecandidatefor adjuvantingboth seasonaland pandemic
influenzavaccines.

ABSTRACT

T-CELL RESPONSE
A demonstrable increase in CD4+ and 
CD8+ T cell activity as well as poly-
functionality in animals receiving 
JVRS-100 adjuvant vaccine
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METHODS

MICRONEUTRALIZATION
Results demonstrate  an 
enhancement of geometric mean 
viral neutralizing   antibody titers  in 
animals receiving JVRS-100 
adjuvant vaccines compared to 
Fluzone® alone

HEMAGGLUTINATION  
INHIBITION (HAI)

Results show an increase of 
geometric mean HAI antibody 
titers in animals receiving JVRS-
100 adjuvant vaccines compared to 
Fluzone® alone

MACAQUE STUDY DESIGN PHASE I CLINICAL STUDY DESIGN

HemagglutininInhibition Assay
Sera from mice or plasma from non-human primates were pre-treated by incubation overnight at 37ºC with 3 parts 
RDEII enzyme (Denka Seiken, Tokyo, Japan).  After inactivation at 56ºC for 30-60 minutes serial 1:2 dilutions in 
PBS were mixed with 4HA units of individual viruses and incubated at room temperature for 15 minutes, followed 
by the addition of an equal volume of 0.5% chicken red blood cells.  Samples were performed in duplicate and a no 
antigen control was included to rule out non-specific activity. Plates were read at 1 hour.  HAI titer was determined 
to be the reciprocal of the last well that inhibited hemagglutination.

Influenza MicroneutralizationAssay
Microneutralizationantibody titers were performed by cell-culture and ELISA based assay previously described 
(Rowe et al, J Clin Microbiol 37:937-943) Briefly, plasma from non-human primates was heat-inactivated at 56ºC 
for 30 minutes.  Two-fold serial dilutions of plasma were incubated with 100 TCID50/50µl of individual influenza 
viruses for 1 hour at 37ºC.  1.5 x 106 Madin-Darby Canine Kidney (MDCK) cells (kindly provided by K. Hancock) 
were added to serum/virus mixtures and incubated overnight at 37ºC.  After fixing with 80% acetone, the presence 
of influenza nucleoprotein was detected by ELISA using influenza A or B-specific anti-nucleoprotein antibody 
(Millipore).  Neutralizing end-point titers were defined as the reciprocal of the last dilution that fell below the 
calculated 50% specific-signal value.

Intracellular cytokine staining for assessing anti-influenza
T cell responses
For intracellular staining to detect influenza-specific T cells in PBMCs, a modification of a previously reported 
protocol was used (GenescaM, J.Immunol,2007). Briefly, thawed, rested cells were incubated with anti-CD28and 
anti-CD49d Abs (BD Biosciences) as costimulatorymolecules. In all experiments the following samples were 
prepared:  Preservative-free Fluzone® (sanofi-pasteur), background controls containing costimulatorymolecules, 
and a  positive control stimulated with staphylococcal enterotoxinB (Sigma-Aldrich). A mixture of anti-CD107a and 
anti-CD107b-FITC Abs (clones H4A3 and H4B4, respectively; BD Pharmingen) was added. Cells were incubated 
for 16 h at 37°C and brefeldinA (Sigma-Aldrich) and monensin(GolgiStop; BD Biosciences) were added for the 
last 10 h. Following incubation, cells were washed and surface stained with anti-CD3-Pacific Blue, anti-CD4-
PerCP-Cy5.5, or anti-CD8-
allophycocyanin-Cy7. A marker to exclude dead cells (7-aminoactinomycin D; Molecular Probes) was added and 
then samples were fixed, permeabilized, and stained intracellularlywith IFN-�5-allophycocyanin(clone B27), TNF-
�.-PE-Cy7 (clone Mab11), or IL-2-PE (clone MQ1-17H12) for 20 min at room temperature.  All mAbswere from 
BD Pharmingenunless specified. After washing with permeabilizingbuffer, cells were fixed again.  Data were 
acquired using a FACSAriaflow cytometer(BD Biosciences) and analyzed using FlowJosoftware (Tree Star).

Non-human primates: Macacamulatta(n=4 per group)
Dose level:

Group 1---22.5µg Fluzone®/0µg JVRS-100
Group 2---22.5µg Fluzone®/2.5µg JVRS-100
Group 3---22.5µg Fluzone®/7.5µg JVRS-100
Group 4---22.5µg Fluzone®/22.5µg JVRS-100
Group 5---No treatment

Injection: Intramuscular (IM) injection of 500µl in a single site
Dose/Sample collection schedule: 

Day 0 Dose IM
Day 14 Dose IM
Day 0, 7, 14, 21, 28, 42, 63 Plasma and PBMC collection

Testing: Hemagglutination inhibition of individual viruses;  
Microneutralizationof individual viruses; Intracellular cytokine staining for T-
cell response

2.6 Vaccine formulation preparation:Briefly, Vials of 
JVRS-100 (lot#NFT-0044) were reconstituted with WFI (lot#35-258-DK) and 
then combined with Fluzone 2006-7 (lot#U2281AA) diluted in 5% DFI 
(lot#P203711).

***p<0.0005
2-way ANOVA JVRS-100 dose

*p<0.05
2-way ANOVA JVRS-100 dose

**p<0.005
2-way ANOVA JVRS-100 dose

For each pie chart the 
percentage (and 
proportion) of responding 
animals is indicated below 
the chart.  The mean 
frequency ( �r s.e.m.) of 
each response is shown as 
a white number in the 
middle of the pie chart; 
only animals with a 
positive response are 
included. Each portion of a 
pie chart indicates the 
percentage 
of Fluzone-specific T cells 
that responded with one, 
two, three, or four 
functions; and the arcs 
around the pie show the 
function or combination of 
functions to which the 
specific response 
corresponds (see color 
legend).

Influenza A infection causes annual substantial morbidity and mortality worldwide, particularly 
for infants, the elderly, and the immunocompromised. Current vaccines, such as the parenterally
administered trivalent inactivated vaccine (TIV) are administered either unadjuvantedor 
adjuvantedwith aluminum hydroxide (alum). The efficacy of these vaccines is highly dependent 
on close matching of the hemagglutinin(HA) and neuraminidase (NA) surface proteins of the 
vaccine with currently circulating virus. Should neutralizing antibody fail to prevent infection of 
the respiratory tract, subsequent clearance of viral infection is mainly dependent on T cells, 
particularly cytolytic T lymphocytes (CTL) of the CD8+ T-cell subset. Thus, it would be ideal for 
new adjuvantsused with existing flu vaccines to induce both high levels of antibody and T-cell 
immunity. Cationic lipid DNA complexes (JVRS-100) are a unique adjuvant that is particularly 
promising for vaccines that require induction of both high levels of antibody and T-cell immunity, 
including CTL. The adjuvant is based on a cationic/neutral lipid carrier and non-coding DNA 
complex. Inclusion of protein antigens with JVRS-100 results in an extremely robust humoral, 
CD4+, and CD8+ immune response. The JVRS-100 adjuvant combined with split vaccine 
(Fluzone® - SanofiPasteur) resulted in increased antibody and T-cell responses in non-human 
primates and is currently being tested a human phase I clinical trial.  This could be critically 
important in vaccination of populations that show a decreased response to vaccination (i.e.: 
elderly or immunocompromised). This work was supported by NIAID grants R41AI068260-01 and 
U01AI074512
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