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INTRODUCTION RESULTS

There are interspeciedifferencesin responseto various CpG configurations This variability presents
difficulty in developmentvhenresponsesannotbe translatedetweenthe speciesusedin modelingdisease
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Murine effector cell increaseand activation following CLDC dosing Murine experimentsiemonstrated
that the administrationof JuvimmunéM resultsin a T,;1 cytokine responsehat is both route and dose
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and toxicity. Cationic lipid DNA Complexes(CLDC or JuvimmunéM) has beenshown to elicit T,1

cytokinesandtype | interferonsfollowing administration This cytokine responsenasbeenshownto be
efficaciousin a numberof viral and intracellular bacterialchallengemodels To facilitate development,
demonstratiomf functionalityamongmultiple speciesvould be optimal

MATERIALS AND METHODS

Single dosein vivo administration of CLDC in mice. Mice were administeredsug of CLDC (DNA
weight)via intravenousadministration NK cell numberin lung andspleenwasdeterminedoy stainingwith
CD3/NK 1.1, cell activationwasdeterminedoy stainingwith CD4/CD69 (CD4* T cells), CD8/CD69 (CD8*
T cells), B220CD69 (B cells), or NK1.1/CD69 (NK cells) at 6 hoursfollowing administrationof CLDC.
Cytokinesin serumwere determinedvia conventionalELISA (R&D systemsMinneapolis,MN) at1 - 24
hourspostadministratiorof CLDC.

Multiple dosein vivo administration of CLDC in mice. Mice were administerecbug of CLDC (DNA
weight) via intravenousadministrationon day O followed by anequivalentamountonday 1, 3, 7, 10, or 14.
At 6 hourspostseconddose(maximumfor interferonrgamma)serumwascollectedandcytokinesmeasured
by conventionaELISA.

In vitro administration of CLDC to non-human primate PBMCs. In subsequenexperimentsnon
humanprimateperipheralblood mononucleacells (PBMC) were exposedo JuvimmunéM or CpG oligos
of classA, B or C andIFN-Uwasmeasureat 6-24 hrspostexposure

Single dose in vivo administration of CLDC in non-human primates. Non-human primateswere
administeredh 200ug/kgdoseof CLDC (DNA weight)via intravenousadministration Serumwascollected

at 1-24 hours post administrationof CLDC and serumcytokineswere measuredsia conventionalELISA
(R&D systemsMinneapolis MN).

Human PBMC isolation and CLDC stimulation. Freshgreentop whole blood was obtainedfrom
StanfordBlood Centeranddiluted 1:2 with H a n IBaasicedSalt Solution(HyClong. Twenty milliliters of
diluted blood wascarefully layeredontothetop of 10ml of lymphocyteseparatiomedium(Mediatech and
centrifuged Human PBMCs were removed and washedwith 10ml H a n kBalanced Salt Solution
Following a secondcentrifugation PBMCswere seededat 1x107/2 ml/well in 12-well platein duplicatein
LGM-3 medium and 1ug (10ul) CLDC was addedfor stimulation and the mixture incubatedin CO,
incubatorfor 72 hours At 72 hours post stimulationthe cell supernatantvas collected and testedfor
cytokinesvia conventionaELISA.

Staining of Human PBMCs for cell activation. Following 24 hours exposure to CLDC in vitro, PBMCs
were stained for activation of T cells [COX (Caltag clone S4.1), CD2PE (Caltag clone CD253G10 ),
CD69-FITC (BD-Pharmingenclone FN50)], B cells [CDIAPC (Caltag clone SJ25°1), CD25PE

(Caltag clone CD253G10 ), CD69FITC (BD-Pharmingenclone FN50)], or NK cells [CDX8PC (Caltag
clone 3G8), CD54 C (Caltag clone MEM188),CD25PE (Caltag clone CD253G10 ), CD69ITC (BD-
Pharmingenclone FN50)]

dependentNK cells arecritical effectorcells for innateimmunity againstvirally-infectedcells and tumor
cells Therefore the effectof CLDC injection on the numbersof NK cellsin varioustissuesvasassessed
Single cell suspensiongvere preparedrom lung andsplenictissues3 daysfollowing a singlelV injection
of CLDC andanalyzedby flow cytometryfor enumeratiorof NK cells (NK1.1*) (Figure 1). A marked
increasein the numbersof intrapulmonaryNK cells was observedafter IV CLDC treatmentand this
increasepersistedor atleastoneweek Basedon otherinvestigatorsstudiesit is likely thattheincreasean
the numbersof NK cells was mediatedby interferons Thesedataindicate that injection of CLDC can
greatly expandthe numbersof critical immuneeffectorcellsin sitessuchasthe lung. Mice (4 pergroup)
wereinjectedintravenously(lV) with CLDC (lipid + 10ug plasmidDNA), liposomesalone,or DNA alone
in orderto assess$he effectson cell activation(Figure 2). Controlanimalswereinjectedwith anequivalent
amountof excipientalone(physiologic5% dextrose) Twenty-four hourslater, spleencells were harvested
andimmunostainedvith an antibodyto CD69 to detectearly cell activation,aswell aswith cell specific
antibodies Cells weresubsequenthanalyzedby flow cytometryandthe meanpercentagef CD69* cells
wasdetermined Treatmentwith CLDC triggersmarkedactivationof all four cell typesexaminedCD4* T
cells,CD8* T cells, B cells,andNK cells), whereagnjection of liposomesor DNA alonedid not CD69
upregulationrwasobservedasearly as3 hourspostCLDC IV injection andwasalsoobservedollowing IP
injectionof CLDC (datanotshown)

Kinetics of cytokine releasefollowing CLDC administration in mice. Figures 3i 5 showthe kinetics of
the cytokine responsefollowing IV delivery of CLDC, this demonstrateshat while the responseo IV
administrationof CLDC quite robustit is still undernormalphysiologicalcontrol mechanisms In contrast
to the robust responsefollowing 1V administrationof CLDC Figure 6 shows the interferonrgamma
responsdollowing subcutaneouadministration,which is 1000fold lessthanthe interferongammalevel
observedwhen the sameamountof material is dosedintravenously While the cytokine responseto
intravenougdosingis backto normallevelsby 24 hoursrepeatediosingof CLDC hasa refractoryperiodto
responsivenesas measuredy systemicinterferorgamma Figure 7 showsmice that were dosedlV on
day O with 5ug of CLDC andthenreceiveda secondV doseof 5ugatday1, 3, 7, 10, or 14. At six hours
post the seconddose serumwas collected and testedfor interferongamma While the expressionof
interferongammawasbackto 50% of baselineby day 3 it wasnot until day 14 thatthelevel of interferon
gammareachedhelevel of micefollowing aninitial treatment

CLDC in vitro induction of IFN-Uin RhesusPBMC comparedto CpG ODN. In studiesat the California
National PrimateResearclCenter(CNPRC),Rhesusamonkeyperipheralblood mononucleacells (PBMC)
were culturedin vitro with CDLC or CpG ODN and culture mediawere analyzedby ELISA for IFN-U at
different time points The results(Figure 8) demonstrateéhe enhancegroductionof secretedFN-U from
the CLDC-stimulatedPBMC at 6 and 12hrs hrs comparedto the different CpG ODN (i.e., at 6-24 hrs).
Theseresultsalsoindicatethe substantiapotencyof the CLDC, i.e., activationat dosesof 0.2ug/ml relative
to the CpG dosesof 5.0ug/ml. Theseresults indicate that CLDC can stimulate significant cytokine
response®f in vitro cultured RhesusPBMC and suggestthat CLDC stimulation may provide a robust
stimulationof innateimmunity in monkeyswith substantiallyhigherimmunostimulatingactivity compared
to CpGODN.

CLDC cytokine induction in vivo in non-human primates. Monkeys(Macacafasicularig were treated
with a CLDC-containinggenetherapyproductfor the purposeof preliminarytoxicology evaluation The
monkeysweretreatedonetime IV with 250ug/kg of CLDC andcytokineresponsesetermined As shown
in Figure 9, the monkeysrespondedapidly (i.e., 6 hrs) with the systemicproductionof IFN-2 aswell as
TNF-UandIL -6, which decreasedfter24 hrs

CLDC cytokine induction using human PBMCs in vitro. Human peripheralblood mononuclearcells
(PBMC) wereculturedin vitro with CDLC andthe culturemediawereanalyzedoy ELISA for IFN-U JFN-
9 and TNF-Uat 24 hours Theresults(Figure 10) demonstratéhesecytokinesfrom the CLDC-stimulated
PBMCsat6 and12hrs PBMC supernatante/erealsopositivefor elevatedevelsof IL-6, IL-16 andCCL-
2 (datanot shown) Theseresultsindicatethat CLDC can stimulatesignificant cytokine response®f in
vitro cultured humanPBMCs and suggestthat CLDC stimulation may provide a robustimmunological
enhancemerfor innateimmunity in humans This is supportedyy the FACS analysisof differentcell types
following the exposurado CLDC andevaluationof cell activationvia CD69 or CD25 (Figure 11).
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CONCLUSIONS

JuvimmunéM is a potent,rapid, and broadspectrumimmunecell activator These
data demonstratedthat systemically administered CLDC induces profound
activationof a wide array of immuneeffector cell types The resultsshow innate
Immuneactivationin vivo in mice andnon-humanprimatesandin vitro usingnon

humanprimateand humanPBMC samples Furthermorethe exposureof mouse,
non-human primate, and human PBMCs has demonstratedactivation of relevant
hostimmune effectorsto producean anttviral, antibacterial,or anticancerinnate
Immuneresponse The robustand consistentactivationof multiple cell typesand
cytokine production should also aid in the product developmentprocessof the
immunostimulanbr vaccineadjuvantapplicationsof JuvimmunéM.,



