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INTRODUCTION RESULTS

Comparison of influenza vaccination with conventional adjuvants. CLDC was administeredwith heatinactivated
HKx31 andcomparedvith alumadjuvantedHKx31 or HKx31 alone Mice wereadministered.0ug of antigenat Day 0
and 14 and blood sampleswere evaluatedfor the humoralimmuneresponseat Day 7, 14, 21, and 28 (Figure 2i 4).
Addition of the CLDC to HKx31 resultedin 10 fold higherlevelsof IgG (Figure 2), slightly elevatedevels of 1gG1
(Figure 3), and approximately100 fold higher IgG2a (Figure 4). Evaluation of HAI titers at day 14 and 28 in
subsequergxperimentsiemonstratednincreasan HAI titer aswell (Figure 5; p=0.17 with 5 mice pergroup)
Dose sparing using inactivated virus. Cohortsof mice were vaccinatedSC on day 0 and 14 with 20ug of CLDC or
combinedwith decreasingmountsof heatinactivatedHKx31. As canbeseenin Figure 6, evaluationof HAI on Day 28 [crocny eriersa | ! -
demongrate@hatO.lug HK>_<31With CLDC yieldedagreateIHAI_ va!uethar_1HK_x31 a_Ioneat5ug_. _ _ Q R @f 4days @
Reduction of influenza A viral load and lung pathology following immunization with CLDC/inactivated virus and o240 | & ey R, A
subsequentviral challenge Cohortsof BALB/c mice were injected IP with 5ng of heatinactivatedvirus [either A Day 011 ooz oy PAkmE W o T TNy sely ST . | | | | | | - . . ,
HKx31 (H3N2) or PRB/34 (H1N1)] with CLDC eitheronceor twice 2 weeksapart Mice werechallengedvith HKx31 Dey 04 142X (intranasal) [CRMeraszmgrme . 3d  [DIILE B T i) 115 ; ,15
two weeksafterthefinal administrationof vaccine At 4 daysfollowing challengethe mice weresacrificedandtissue B 2 e S SN Vacaination Vacsiation Vacanation Vaceiation
collectedfor histologyand RT-PCRto determineextentof protectionand crossprotectionelicited by the vaccinations == AREEF MR o Dy e, OF ¢ vecorsionmDasoa e
Figure 7A, is a representativeof an infected, untreatedcontrol mouse The characteristideatureis the presenceof
necrosisof epithelial cells lining bronchiolesaccompaniedy perivascularand peribronchiolarinflammation (relative
inflammatoryscore2-3+). Individual cellslining a bronchiolearenecroticandnecroticdebrisis accumulatedvithin the
airway. Figure 7B showslung tissuefrom a mousethathadreceiveda singlevaccinationwith CLDC/HKx31 two weeks
prior to challenge The characteristideaturein thesemice wassubstantiamononucleainflammatorycell accumulatio L 00E 06
andscantto no epithelial cell necrosis The inflammationcommonly surroundedlood vesselsand closely associatec o ALK Ry |
bronchioles(relative inflammatory score4+). Figure 7C from a mousethat had receiveda single vaccinationwith 100Es05] (S CLREHOE AR "? A% (unvaccinatedpmmal, showing the marked
Preparation of CLDC/Ag for SC dosing. CLDC/PRB/34 shows only minimal necrosisof bronchiolar epithelium accompaniedby substantialinflammation [ 1 e ;
CLDC/Ag wasprepareddy theadditionof 12Qul of DOTIM/cholesteroliposomeso 590ul of 10% sucrosesolution To (relative inflammatory score 3). Figure 7D from a mousevaccinatedtwice with CLDC/HKx31 showsno necrotic v o GE T i
changeandminimal moncnuclearinflammatorycell infiltrate, mainly adjacento blood vesselsandin somefocal perk I :j'ff__i. ,MJ;,.‘,*:TV]';*; CLpTHat rig;?oonn(jrfgtvi)sgast;n;ﬁ'
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this mixture, 330ul antigenand 40ul of 3ug/ul plasmid DNA was added The componentswvere mixed by gentle A ne ! _ _ : st
pipetting prior to administration For dosesparingstudiesthe amountof antigenwas decreaseas indicatedand the bronchiolararead(relativeinflammatoryscorel-2+). Figure 7E is from a mousetreatediwice with CLDC/PRB/34 and minimal or no epithelialnecrosisC. Onevaccinationwith CLDC/PRE/34 demonstrates
challengedvith HKx31 andshowssubstantiamononucleamflammatorycell infiltrate andscantepithelialcell necrosi 100E+02

volumecompensatetbr by additional10% sucrose Mice wereadministered®00ul of thetestCLDC-antigen. ral _ : : ) itra : . - - " - . mild amountof necrosisof bronchiolarepitheliumwith substantiainflammation D. Two
Mouse immunization schedule similar to thatseenin the mice vaccinatecdbncewith HKx31 andchallengedtrelativeinflammatoryscorel+) (20x). ' N vacanationswith SLDT/HKX3T snowingno necrosisand mimmal inflammation & Two

Influenza A infection causessubstantialmorbidity and mortality worldwide, particularly for infants, the

elderly, and the immunocompromisedThe efficacy of currentvaccinesis highly dependenion close
matching of the hemagglutinin(HA) and neuraminidasgNA) surface proteins of the vaccine with

currently circulating virus. Shouldneutralizingantibodyfail to preventinfection of the respiratorytract,

subsequentclearanceof viral infection is mainly dependenton T cells, particularly cytolytic T

lymphocyteq CTL) of the CD8* T-cell subsetThus,it would beidealfor newadjuvantusedwith existing
flu vaccinesto induceboth high levels of antibodyand T-cell immunity. Cationiclipid DNA complexes
(CLDC) is a uniqueadjuvantthat is particularly promisingfor vaccinesthat induce both high levels of

antibodyand T-cell immmunity, including CTL. The adjuvantis basedon a cationic/neutralipid carrierand
non-coding DNA complex Inclusion of protein antigenswith CLDC resultsin an extremely robust
humoral,CD4*, andCD8* immuneresponseThe uniqueaspecibf the CLDC adjuvantis thatit functions
both as a delivery systemthat targetsassociatedantigensto antigen presentingcells via the liposome
componenandanimmunostimulatonadjuvantvia the plasmidDNA. In thesestudiesthe CLDC adjuvant
was combinedwith whole inactivatedvirus or split vaccine(Fluzoné - SanofiPasteurandadministered
to miceonday0 and14 andimmuneresponsandresistancéo challengemonitored

Figure 10: CLDC/Fluzone® (Total IgG)
Enhancement of Existing Flu Vaccine Response

Figure 11: CLDC/Fluzone® (IgG1)
Enhancement of Existing Flu Vaccine Response

Figure 7: CLDC/influenza A vaccination provides
protection and cross-protection from lung pathology.

Figure 1 : Vaccination Scheme
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Vaccination = Days 0 & 14

Flu Vaccine = Fluzone®: H1N1, H3N2, A-2004 CA, B-Shanghai, B-Jingsu Flu Vaccine = Fluzone®: H1N1, H3N2, A-2004 CA, B-Shanghai, B-Jingsu

Figure 12: CLDC/Fluzone® (IgG2a)
Enhancement of Existing Flu Vaccine Response
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Figure 13: Significant dose sparing with CLDC

Figure 2: IgG antibody response in mice following SC Enhancement of Existing Flu Vaccine Response

injection of HKx31, Alum/HKx31 or CLDC/HKx31
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Vaccination similar to thatfollowing a singlevaccinationwith CLDC/HKx31. All viewsareat 20X.

Vaccination = Days 0 & 14

i ] ) ) ] ) o vaccinationswvith CLDC/PRB/34 showinga minimal amountof necrosisandinflammation

Groupsof 10 (CD1 or Balb/c) mice were immunizedat days 0 and 14. Mice were sacrificedat 28 daysto assess ~ FluA matrix 1 (M1) RNA, asan indicatorof viral load wasmeasuredn parallelwith the lung necropsymaterial e

via (RT)-PCR Figure 8 showsa substantialreductionin viral load following one vaccinationwith CLDC/HKx31
(P<0.002) andan undetectabldevel following two vaccinationgP < 0.001). Mice vaccinatedwith PRB/34 showeda
25% decreasafteronevaccination(P = 0.14) anda 40% decreasdollowing a secondvaccination(P = 0.05).
Enhancedhumoral immunity by inclusion of CLDC adjuvant with a commercial vaccine CLDC complexedwith
5.0ug Fluzon€® (Sanofi Pasteur)was administeredo mice subcutaneouslySC) at day 0, and 14. Fluzoné&-specific
antibodyresponseglgG, 1gGl, and lgG2a) were monitoredat Day 7, 14, 21, and 28 (Figure 10i 12) by ELISA. As
expectedgiven the T,,1 bias of CLDC, the antibody titer of Fluzoné&-specific IgG2a was two logs higher than
unadjuvantedraccine(Figure 12). Additionally, IgG1 (Figure 11) andtotal IgG (Figure 12) were 10-fold and 30-fold
higher,respectivelythanunadjuvantedaccine
Dosesparing with commercial vaccine Cohortsof mice were vaccinatedSC on day 0 and 14 with 20ug of CLDC
combinedwith decreasingamountsof Fluzon€®. As can be seenin Figure 13, evaluationof HAI on Day 28
demonstratethat0.1ug Fluzon® with CLDC yieldeda greateHAI valuethanFluzoné aloneat 5ug.
Increased T-cell responsewith commercial vaccine Splenocytedrom the highestdosegroup in the dosesparing
study were isolated and restimulatedwith Fluzoné&, or a representativeHIN1 (PRB/34), H3N2 (HKx31), or B
(B/LeeA0) influenza Administrationof the vaccinewith CLDC resultedin not only a greaterrecall responsevhen
splenocytesverestimulatedwith vaccineantigenbut alsowhenstimulatedwith unmatchedviruses(Figure 14).

immunity andresistanceo challenge

Anti-Flu antigen antibody titer ELISA.

Anti-flu antibodytiter wasdeterminedoy colorimetricELISA. Antibody titer wasdefinedasthe midpointof thedilution
curvedefinedby EC;, calculationsusingPrismstatisticalsoftware The averageof the individual EC;, measurement®r
eachcohortwasdeterminedo be the antibodytiter. Serumpooledfrom severalmice that havebeenimmunizedtwice
with servedasa positivecontrol This allowednormalizationof experimentgperformedon differentdays

Hemagglutinin titer determination.

Serial 1:2 dilutions of antigenwere addedto an equalvolume of 0.5% chickenred blood cell solution Following a 1
hourincubationat roomtemperaturglateswerereadfor hemagglutinationHA titer wasdeterminedo bethereciprocal
of thelastwell thathashemagglutination

Hemagglutinin Inhibition Assay.

Serawere pre-treatedby incubationovernightat 37°C with RDEII. After deactivationserial dilutions were mixed with
4HA unitsof antigen,incubatedat RT for 15 minutes followed by the additionof anequalvolumeof 0.5% chickenred
bloodcells. Samplesvereperformedin duplicateanda no antigencontrolwasincludedto rule out nonspecificactivity.
Plateswerereadat 1 hour HAI titer wasdeterminedo bethereciprocalof thelastwell thatinhibited hemagglutination
RT-PCR ofFIuA matrix 1 RNA

The left lung of each mouse was perfused, removed, homogenized, and total RNA was purified and treaiaseith
free DNaseto remove contaminating genomic DNA. Total RNA was reverse transcribed into cDNA using random
hexamelprimers, and reaime PCR was performed using an ABI 4700 instrumentodigdnucleotideprimers for M1
RNA, IFN-gmRNA, and as a positive control, 188NA. M1 RNA and IFNgmRNA levels were normalized to 18S
rRNA, although the cycle threshold value for I&HNA varied less than 10% among the samples.

Splenocyte restimulation assays.

Splenocytessolatedfrom vaccinatedandcontrol mice wererestimulatedvith antigne Supernatantaerecollectedafter
24-72hrs of stimulation and assayedoy ELISA for mouselFN-g Controls included spleencells cultured 24-72hrs
without the additionof specificantigensandunvaccinatedplenocytesncubatedwith the appropriatanfluenzavirus.
Influenza Challengeof mice

Mice werechallengedvia intranasaladministrationof 240 HA units of HKx31 two weeksafter the final administration
of vaccine At 4 daysfollowing challenge the mice were sacrificedandtissuescollectedfor histologyand RT-PCRto
determineextentof protectionandcrossprotectionelicited by the vaccinations

Figure 5: CLDC vaccination induces higher
lgG2c titers (Th1l-response) than Alum

Anti-HKx31 IgG1

Figure 4: lgG2a antibody response in mice following SC
injection of HKx31, Alum/HKx31 or CLDC/HKx31
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Figure 3: IgG1 antibody response in mice following SC
injection of HKx31, Alum/HKx31 or CLDC/HKx31
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Figure 6: CLDC Dose Reduction of CLDC/HKx31(2x)
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Figure 8: Protection to Homologous & Heterologous Viral
Isolates
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Figure 9: Homologous restimulation of splenocytes with
HKx31 following HKx31 vaccination
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Figure 14: Greater homotypic and heterotypic
splenocyte response with CLDC adjuvant
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CONCLUSIONS

CLDC combinedwith influenzaA antigensprovides
increasedhomotypicandheterosubtypiprotectionas
determined by lung histology and viral RNA

following challenge Thesedata are supportedby

increasedantibodytiter via ELISA and HAI aswell

as increased homotypic and heterosubtypic
splenocyteresponsesFurthermore the adjuvanthas
propertiesthat are advantageousfor significantdose
sparing using existing flu vaccines The CLDC

vaccinationstrategyresultsin a substantiainduction
of both humoraland T-cell mediatedimmunity, and
theseresultssuggestthat T-cell mediatedimmunity
alone still provides substantialprotection of mice
from pulmonary epithelial necrosis and viral

replication Together, these results suggest that
CLDC considerablyenhanceghe immune response
to existing flu vaccines,most likely by antibody

dependentand antibodyindependentmechanisms
directedagainstsurfaceandinternalviral proteins




