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There are interspeciesdifferencesin responseto various CpG configurations. This variability presents

difficulty in developmentwhenresponsescannotbetranslatedbetweenthespeciesusedin modelingdisease

and toxicity. Cationic lipid DNA Complexes(CLDC or JuvImmuneTM) has been shown to elicit TH1

cytokinesand type I interferonsfollowing administration. This cytokine responsehasbeenshownto be

efficaciousin a numberof viral and intracellularbacterialchallengemodels. To facilitate development,

demonstrationof functionalityamongmultiple specieswouldbeoptimal.

JuvImmuneTM is a potent,rapid,andbroad-spectrumimmune-cell activator. These

data demonstratedthat systemically administered CLDC induces profound

activationof a wide arrayof immuneeffectorcell types. The resultsshow innate

immuneactivationin vivo in miceandnon-humanprimatesandin vitro usingnon-

humanprimateandhumanPBMC samples. Furthermore,the exposureof mouse,

non-humanprimate, and humanPBMCs has demonstratedactivation of relevant

host immuneeffectorsto producean anti-viral, antibacterial,or anti-cancerinnate

immuneresponse. The robustandconsistentactivationof multiple cell typesand

cytokine production should also aid in the product developmentprocessof the

immunostimulantor vaccineadjuvantapplicationsof JuvImmuneTM.

Single dose in vivo administration of CLDC in mice. Mice were administered5ug of CLDC (DNA

weight)via intravenousadministration. NK cell numberin lung andspleenwasdeterminedby stainingwith

CD3/NK1.1, cell activationwasdeterminedby stainingwith CD4/CD69 (CD4+ T cells),CD8/CD69 (CD8+

T cells), B220/CD69 (B cells), or NK1.1/CD69 (NK cells) at 6 hoursfollowing administrationof CLDC.

Cytokinesin serumweredeterminedvia conventionalELISA (R&D systems,Minneapolis,MN) at 1 - 24

hourspostadministrationof CLDC.

Multiple dosein vivo administration of CLDC in mice. Mice were administered5ug of CLDC (DNA

weight)via intravenousadministrationon day0 followed by anequivalentamounton day1, 3, 7, 10, or 14.

At 6 hourspostseconddose(maximumfor interferon-gamma)serumwascollectedandcytokinesmeasured

by conventionalELISA.

In vitro administration of CLDC to non-human primate PBMCs. In subsequentexperiments,non-

humanprimateperipheralblood mononuclearcells (PBMC) wereexposedto JuvImmuneTM or CpG oligos

of classA, B or C andIFN-Ŭwasmeasuredat6-24hrspostexposure.

Single dose in vivo administration of CLDC in non-human primates. Non-human primateswere

administereda 200ug/kgdoseof CLDC (DNA weight)via intravenousadministration. Serumwascollected

at 1-24 hourspost administrationof CLDC and serumcytokineswere measuredvia conventionalELISA

(R&D systems,Minneapolis,MN).

Human PBMC isolation and CLDC stimulation. Fresh green top whole blood was obtainedfrom

StanfordBlood Centeranddiluted1:2 with HankôsBalancedSaltSolution(HyClone). Twentymilliliters of

dilutedbloodwascarefully layeredontothetop of 10ml of lymphocyteseparationmedium(Mediatech) and

centrifuged. Human PBMCs were removed and washedwith 10ml HankôsBalancedSalt Solution.

Following a secondcentrifugation PBMCswereseededat 1x107/2 ml/well in 12-well platein duplicatein

LGM-3 medium and 1µg (10µl) CLDC was addedfor stimulation and the mixture incubatedin CO2

incubatorfor 72 hours. At 72 hours post stimulation the cell supernatantwas collectedand testedfor

cytokinesvia conventionalELISA.

Staining of  Human PBMCs for cell activation.  Following 24 hours exposure to CLDC in vitro, PBMCs 

were stained for activation of T cells [CD3-TC (Caltag, clone S4.1), CD25-PE (Caltag, clone CD25-3G10 ), 

CD69-FITC (BD-Pharmingen, clone FN50)], B cells [CD19-APC (Caltag, clone SJ25-C1),CD25-PE 

(Caltag, clone CD25-3G10 ), CD69-FITC (BD-Pharmingen, clone FN50)], or NK cells [CD16-APC (Caltag, 

clone 3G8), CD56-TC (Caltag, clone MEM-188),CD25-PE (Caltag, clone CD25-3G10 ), CD69-FITC (BD-

Pharmingen, clone FN50)]
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Murine effector cell increaseand activation following CLDC dosing. Murine experimentsdemonstrated

that the administrationof JuvImmuneTM resultsin a TH1 cytokine responsethat is both route and dose-

dependent. NK cells arecritical effectorcells for innateimmunity againstvirally-infectedcells andtumor

cells. Therefore,theeffectof CLDC injectionon thenumbersof NK cells in varioustissueswasassessed.

Singlecell suspensionswerepreparedfrom lung andsplenictissues3 daysfollowing a singleIV injection

of CLDC andanalyzedby flow cytometryfor enumerationof NK cells (NK1.1+) (Figure 1). A marked

increasein the numbersof intrapulmonaryNK cells was observedafter IV CLDC treatmentand this

increasepersistedfor at leastoneweek. Basedon otherinvestigatorsstudies,it is likely that theincreasein

the numbersof NK cells was mediatedby interferons. Thesedata indicate that injection of CLDC can

greatlyexpandthe numbersof critical immuneeffectorcells in sitessuchasthe lung. Mice (4 per group)

wereinjectedintravenously(IV) with CLDC (lipid + 10µg plasmidDNA), liposomesalone,or DNA alone

in orderto assesstheeffectson cell activation(Figure 2). Controlanimalswereinjectedwith anequivalent

amountof excipientalone(physiologic5% dextrose). Twenty-four hourslater,spleencellswereharvested

and immunostainedwith an antibodyto CD69 to detectearly cell activation,aswell aswith cell specific

antibodies. Cells weresubsequentlyanalyzedby flow cytometryandthe meanpercentageof CD69+ cells

wasdetermined. Treatmentwith CLDC triggersmarkedactivationof all four cell typesexamined(CD4+ T

cells, CD8+ T cells, B cells, andNK cells), whereasinjection of liposomesor DNA alonedid not. CD69

upregulationwasobservedasearlyas3 hourspost-CLDC IV injectionandwasalsoobservedfollowing IP

injectionof CLDC (datanotshown).

Kinetics of cytokine releasefollowing CLDC administration in mice. Figures 3ï5 showthe kineticsof

the cytokine responsefollowing IV delivery of CLDC, this demonstratesthat while the responseto IV

administrationof CLDC quite robustit is still undernormalphysiologicalcontrolmechanisms. In contrast

to the robust responsefollowing IV administrationof CLDC Figure 6 shows the interferon-gamma

responsefollowing subcutaneousadministration,which is 1000 fold lessthan the interferon-gammalevel

observedwhen the sameamount of material is dosedintravenously. While the cytokine responseto

intravenousdosingis backto normallevelsby 24 hoursrepeateddosingof CLDC hasa refractoryperiodto

responsivenessasmeasuredby systemicinterferon-gamma. Figure 7 showsmice that weredosedIV on

day0 with 5ug of CLDC andthenreceiveda secondIV doseof 5ug at day1, 3, 7, 10, or 14. At six hours

post the seconddose serum was collectedand testedfor interferon-gamma. While the expressionof

interferon-gammawasbackto 50% of baselineby day3 it wasnot until day14 that thelevel of interferon-

gammareachedthelevelof micefollowing aninitial treatment.

CLDC in vitro induction of IFN-Ŭin RhesusPBMC comparedto CpG ODN. In studiesat theCalifornia

NationalPrimateResearchCenter(CNPRC),Rhesusmonkeyperipheralblood mononuclearcells (PBMC)

wereculturedin vitro with CDLC or CpG ODN andculturemediawereanalyzedby ELISA for IFN-Ŭat

different time points. The results(Figure 8) demonstratethe enhancedproductionof secretedIFN-Ŭfrom

the CLDC-stimulatedPBMC at 6 and 12hrs hrs comparedto the different CpG ODN (i.e., at 6-24 hrs).

Theseresultsalsoindicatethesubstantialpotencyof theCLDC, i.e., activationat dosesof 0.2µg/ml relative

to the CpG dosesof 5.0µg/ml. Theseresults indicate that CLDC can stimulate significant cytokine

responsesof 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(Macacafasicularis) were treated

with a CLDC-containinggenetherapyproductfor the purposeof preliminary toxicology evaluation. The

monkeysweretreatedonetime IV with 250ug/kg of CLDC andcytokineresponsesdetermined. As shown

in Figure 9, the monkeysrespondedrapidly (i.e., 6 hrs) with the systemicproductionof IFN-ɔaswell as

TNF-ŬandIL-6, whichdecreasedafter24hrs.

CLDC cytokine induction using human PBMCs in vitro . Humanperipheralblood mononuclearcells

(PBMC) wereculturedin vitro with CDLC andtheculturemediawereanalyzedby ELISA for IFN-Ŭ,IFN-

ɔ,andTNF-Ŭat 24 hours. The results(Figure 10) demonstratethesecytokinesfrom the CLDC-stimulated

PBMCsat 6 and12hrs. PBMC supernatantswerealsopositivefor elevatedlevelsof IL-6, IL-1ɓandCCL-

2 (datanot shown). Theseresultsindicatethat CLDC can stimulatesignificant cytokine responsesof in

vitro cultured humanPBMCs and suggestthat CLDC stimulation may provide a robust immunological

enhancementfor innateimmunity in humans. This is supportedby theFACSanalysisof differentcell types

following theexposureto CLDC andevaluationof cell activationvia CD69or CD25(Figure 11).
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Figure 1:  IV Delivery of CLDC in Mice Increases 

Pulmonary NK Cells
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Figure 2:  Upregulation of CD69 Activation 
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Figure 3:  Kinetics of IL-6 Following IV 
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Figure 4:  Kinetics of IL-12p70 Following IV 
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Figure 5:  Kinetics of CCL-2 Following IV 
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Figure 6:  Kinetics of Interferon-gamma 

Following SC Delivery in Mice
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Figure 7:  Refractory Period to Multiple IV 
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Figure 8:  CLDC and CpG Comparison:  Induction 

of Interferon-Ŭin Rhesus Macaque PBMC


