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A DNA VACCINE FORMULATION IN CATIONIC LIPOSON[E VEHICLE USEFUL
FOR MAXIMIZING VACCINE POTENCY FOR LEISHMANIASIS

: TECHNICAL FIELD OF THE INVENTION

The pr_esent inyention relates to a DNA vaccine formulation in cationic liposome
vehicle useful for maximizing vaccine potency for Leishmaniasis. More particularly, it relates
to cationic liposomes containing intrabilayer monophosphoryl lipid A (MPLA) and eysteine

protease C‘(cpc) gene useful for vaccination for Leishmaniasis. - The present invention further

relates to method of preparation, characterization and use of DSPC (1, 2-distearoyl-sn-

glycero-3 —phosphocholine) bearing cationic liposomes _containing intrabilayer MPLA and cpe

. gene for vaccination against Leishmania sp.

The proposed adjuvant formulation of cationic liposomes contairﬁng MPLA is highly

promising immunostimulatory agent and efficient delivery vehicle maximizing vaccine

-potency against various pathogens including Lelshmama ThlS vaccine formulation comblnes

safety, efﬁcacy alongwith cost- effectiveness to provide new possxblhtles for prophylactlc and

" therapeutic vaccines.

BACKGROUND AND PRIOR ART OF THE INVENTION

ProtoZoan Cparasites of the genus Leishmania cause a wide spectrum of diseases

collectlvely termed lelshmama31s ‘that varies in their clinical manifestations in the form of -

cutaneous, mucocutaneous and visceral Leishmaniasis. Visceral leishmaniasis (VL) or kala-

azar, caused by Leishmania donovani, is a fatal parasitic dlsease causing 25,000-40,000 cases

and 200-300 deaths annually in Indian subcontinent alone [Joshi et al., 2008]. VL is endemic

) .m tropical and subtrop1ca1 areas of Latin Amenca, Europe Africa and Asia and has emerged
~.as an 1mportant opportunistic HIV comfectlon Control ‘of leishmaniasis thus remains a
' ,‘ source of grave concern worldwide. There are few drugs available for chemotherapy and

treatments a're still _long -drawn, highly toxic and expensive.-Combined therapies advocated to

combat the drug resistant oarasites remain costly for the majority of patients [Croft and

Olliaro, 2011].
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Leishmania vaccines continue to hold promise due to the fact that cured patients from
VL are subsequently pretected against reinfection. Impressive clinical responses to cutaneous
leishmaniasis have been observed in the few recent human clinical trials, although the overall
track record for Leishmania vaccines, particularly. VL is less impressive [Evans and
Kedzierski, 2012]. VL is of higher priority than CL since anthroponotic VL foci are the
oﬁgin of frequent and deadly epidemics. Although a series of vaccine candidates have been

tested against Leishmania in the past 10 yéars, none has successfully emerged for human use.”

- Improvements in vaccine delivery 'systems, are thus an important component of current

research efforts against Leishmania to vreali‘ze, their full potential. Previous VL vaccine .

strategies have included immunization with whole parasite or cell lysate vaccines; peptide

vaccines, dend_ritic cell (DG) vaccines, viral vectored and plasmid DNA vaccines [Modabber »

»2010' Das and Ali, 2012]. Relative ease of production, stability, safety, low cost and ability to

induce cellular immunity has made the plasmld DNA vaccines more attractive over
conventlonal prote1n vaccines. Although DNA vaccines are able to elicit both humoral and

cellular 1mmune responses, genetic 1mmumzat1on agamst Leishmania has often been

. 'hampered by the failure of the Vaccme to elicit a cytotoxic T-cell response strong enough for

protection against the disease [Melby et al., 2001; Saldarriaga et al. , 2006]. This can probably

" be overcome by couphng the DNA Vaccme with an efficient vaccine delivery system and

~ immunomodulator capable of greater act1vat1on of innate immunity during vaccination. A

better protec’uon for the plasmid DNA agamst degradation by cellular nucleases is also

achieved by cationic liposoinal entrapment due to DNA coridensation and covering of DNA -

~ strands with lipid bilayers [Radler etal., 1997]. Cationic liposomes have been previously

shown to markedly potenﬁate. the ability of plasmid DNA to activate innate immune

responses by endosomal targeting, thereby inereaéing the TLR_9 activation and efﬁeient MHC

class I-restricted antigen presentation [Zuhorn.et al., 2002; Yasuda et al., 2005]. Despite -

variations in lipids, cationic surface charge enhance antigen uptake when delivered via such
liposonles [Korsholm et al., 2007]. However, protection with cationic liposomal protein
vaccme was l1m1ted mostly to mtrapentoneal route of adm1mstrat1on [Afrin et al., 2002;
Ravmdran et al., 2010; Bhowmick et al, 2010].Therefore, additional adjuvant or .

1mmunomodulator was required along with the liposomes for successful protection in human

’administrable route’ of vaccination such as subcutaneous, intramuscular and intravenous.

Monophosphoryl l1p1d A (MPLA) whlch targets intracellular TLR4, have previously

- exhibited cons1derable potency and safety in human trials with a variety of candidate

-vaccines, including vaccines to malaria, hepatitis B, HIV-1 and several dlfferent types of

2
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cancer [Agnandji et al., 2012; Cluff ZOlO; Di l’aolo etal., 2010; Fries et al.;_ 1992; Garcon,
2011 ]. Moreover, liposomé.l antigen presentation and macrophage recruitment have been
shown to be augmented by intraperitoneal administration of liposomes containing MPLA
compared to those lacking MPLA [Verma et al., 1992]. To optim'izef the route of
immunization in addition to improved immune stimulation, MPL-TDM (monophosphoryl
lipid — trehalose dicorynomycolate) has been used for liposomal gp63 antigen which resulted
in robust Thl immune responses for protection against VL [Majumder et al., 2011]. The
present invention shows further advancement of tlus strategy by incorperating MPLA within
lipid bilayer of cationic liposomes for delivery of a DNA vaccine, thereby making the

delivery system more compact and combining all the advantages of DNA vaccinjcition over

protein vaccines.

Cysteme proteases (CPs) are enzymes known to play critical roles in the pathogene31s
of Lezshmama and other parasitic 1nfect1ons [Vermelho et al 2010; Silva-Almeida et al.,
2012] Extensive stud1es have shown that leishmanial CPs are involved in paras1t1c surv1val |
rephcatlon autophagy, metacyclogenes1s and transformation to amastlgotes essential for
onset of disease. Thus CPs have been 1dex_1t1ﬁed as putat1ve vaccine candidates and as

petential drug targets against leishmaniasis. vAlthough cysteine protease A, B and C have

- shown to be protective.singly or in combination against L. major and L. infantum in different

- studies, their efficacy has not been studied against L. donovani.

OBJECTIVES OF THE INVENTION |
" The main object of the present lnvention is to provide a DNA vecclne formulation in

cationic liposome vehicle useful for maximizing vaccine potency for leishmaniasis.

Another object of the present invention is to provide a process for the preparation of
an adjuvant cum vaccine dellvery system- contalmng liposomal vesmles with intralamellar

MPLA thus comblmng ant1gen presentation along with TLR 4 s1gnal1ng

'Yet another object is to provide a process wherein the cationic liposomes cemposed
of DSPC, stearylamine, cholesterol.and MPLA, are designed to encapsulate desired antigen/

vaccine candidate.
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Yet another object is to provide a process wherein the vaccine formulatlon w111

~augment T cell response thereby enhancmg 1mmunogem01ty of a subunit protein/ DNA

vaccine.

Yet another 'object is to provide a stable, safe and biodegradable submicron adjuvant- 7
system for entrapment of both lipophilic and hydrophilic biomolecules (partlcularly vaccines)

for their dehvery and sustained release.
SUMMARY OF THE INVENTION .

Accordingly, the present invention provides a DNA vaccine formulation in cationic

liposome vehicle useful for maximizing vaccine potency for leishmaniasis

~ In accordance with a first of its aspects, the invention‘provides a catiorﬁc liposornal'
formulation containing intralamellar MPLA, encapsulating depe (Leishmania donovani. cpc)
DNA (GenBank Accession no. .JX9688>01.1, Seq ID 3) for targeting leishmanial parasitesy
prophylactically and " which may also be therapeutically active. Cationic- liposomes thus
provided, 'incrirporating TLR-4 agonist in membrane, possess immunostimulatory activity
which is further improved by entrapping DNA vaccine construct into them. Further, the
present d1sclosure provides a pharmaceutical composition comprlsmg MPLA coupled.
cationic liposomes, as physmlogrcally acceptable carrier as well as adjuvant for DNA and

proteln vaccine formulations.

Ina preferred embodiment, the present invention prowdes a novel MPLA contalmng
DSPC bearing catromc liposomes as vaccine carriers as well as promlsmg adJuvants Site- '
specific delivery of charged molecules like plasmid DNA can be effectrvely mediated by the -
cationic liposomes. This invention primarily focuses. on_ a DNA vaccine using plasmid
encoding cpc gene of L. donovani whose site specific delivery and efficacy is due to its .

liposomal encapsulation.

The liposome, containing MPLA that has been used in the present invention can also
be. effectlvely used as efﬁment delivery vehicle for various other biomolecules, partrcularly
drugs and vaccines agamst other diseases requiring predommantly cell mediated response

Additional immunomodulatory activities of such liposomes can further be exploited to

4
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generate strong humoral and cellular immunity required to combat various pathogens and

cancer.

In another embodiment of the present invention, it provides a process of cloning a

pVAX1-cpc plasmid comprising amplification of cpc gene with primers; ligating cpc gene

into pVAX1 vector; transforming the said pVAX1 vector into competent E. coli bacteria; |

| transcription and translation of pVAX1-cpc clones.

Yet another embodiment of invention provides- the liposomal DNA vaccine

' formulatlon described- herem as a cost-effective and health—promotmg intervention for

control prevention and/or freatment of Lelshmama51$ The Vaccme can substant1a11y

amehorate morbidity, mortahty and difficulties in providing medical care globally wherever
there is prevalence of VL. The vaccine can also be useful for decreasing the severity of the

disease when administered after initial infection with L. donovani.

© Yet ‘another embodiment of invention provides a caindidate cross—protective'gene '

- useful as a DNA vaccine, or for productlon of a recombinant protein in Vanous expressmn

systems against Lezshmama Ye‘t anothier embodiment of invention provides a DNA vaccine
formulation in cationic liposome vehlcle useful for ‘maximizing Vaccme potency for

lelshmama51s charactenzed in containing intralamellar monophosphoryl 11p1d A (MPLA) and

‘cysteine protease C (cpe) gene

Yet another embodiment of invention prov1des a DNA vaccine formulation wherem a
plasmld DNA contalmng Seq ID 3 encoding cysteine protease C (cpc) gene of L. donovani is

encapsulated in the cationic 11posome vehicle. -

Yet another embodiment of invention provides a DNA vaccine formulation wherein the

cationic liposome is a multilamellar vesicle comprising of:

-a) a neutfal lipid preferablyvdistearylphosphatidylcholine (DSPC); . "
b) a cationic lipid preferably stealjylamine (SA); ’
©) a second neutral lipid p;eferably cholesterol; and :

~d) aTLR agonist preferably monophosphoryl lipid A (MPLA);

-
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wherein the neutral lipid, the cationic lipid, the second neutral lipid and the TLR
agonist are formulated in the range of 7:1.5:1.5:0.0016 to 7:2.5:2.5:0.003 molar ratio..

Yet another embodiment of invention provides a DNA vaccine formulation wherein

‘the plasmid DNA is present in the range of 700 to 1000 pg/ml.

. Yet another embodiment of invention provides a DNA vaccine forrnulation is

7 adm1mstered to a subject via 1ntra—venous intra-muscular or mtranasal route wherein said

subject is a mammal 1nclud1ng human.

Yet another embodiment of invention provrdes a catromc lrposome contarmng MPLA

is useful as efficient delivery vehicle for bromolecules and vaccines

Yet another embodrment of invention provrdes a process for the preparatron of the -

DNA vaccine formulatron wherein sa1d process compnsrng the steps of

a. .cloning cysteine ‘protease_ C (cpc) gene ha\flng Seq Id. no. 3 into pET28a vector;

b. sub-cloning cpc clone obtained in step a into pVAXl;Vector.to'make pVAXl-cpc
‘plasmid construct; ' ' | o

c. dissolving a neutral lipid, a cationic lipid, a second neutral lipid and a TLR agonist in

~ the range of 7:1.5:1.5:0.0016 to 7:2.5:2.5:0.003 molar ratio in an organic solvent

preferably chloroform to obtam a solutlon followed -by . removing solvent usmg

evaporator to obtain a lipid film;

d. desrccatmg the lipid film as obtamed in step (c) at a temperature in the range of 25 to _~
28°C fora perrod in the range of 12 to 16hours to obtain a dried lipid film;

e. dissolving the plasmid DNA in the range of 1 to 2 mg/ml obtained in step b in a
physiologically acceptable aqueous medium; \ o

f. hydrating the dried lipid film as obtainecl in step (d) with the solution obtalned in step
©); | |
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g. Voftexing the soiution obtained in step (f) for a period ranging betwech 10 to 15 min
and sonicating for a period in the range of 30 to 45 sec at 4 to 5 Hzata temperature

in the range of 3 to 4°C to obtain a liposomal formulation' _

h.' removing the excess free plasmld DNA from the liposomal formulatlon obtained in
- step (g) by ultracenmfugatxon to obtain a DNA vaccine formulation.

Yet another embodiment of invention provides a process for the preparation of the
DNA vaccine formulation wherein physiologically acceptable aqueous medium is Phosphate

Buffer Saline solution in a molar ratio in the range of 0.01 t0 0.02.

Yet another embodiment of invention provides use of the DNA vaccine formulation
as a vaccine agalnst leishmaniasis for max1m121ng vaccine potency in mammals against

Lezshmama para51te

Yet another embodiment of invention provides use of the cationic liposome to
ge‘neran.bte. strong vhu_m(')"fél‘ and cellular immunity required to combat various pathogens and

cancer.

Yet another embodiment of invention provides use of the cationic liposome for drug

screening against leishmaniasis.

Yet another embodlment of 1nvent10n provides a pharmaceutlcal composition
comprising a therapeutlcally effective amount of the DNA vaccme formulation .in a
pharmaceutically acceptable carrier. '

The following ABBREVIATIONS have been used:

DSPC- 1,2- dlstearoyl -sn- glycero 3-phosphoch011ne '

- SA— stearylamme

PBS- Phosphate buffer saline
VL- Visceral leishmaniasis

MPLA- monophosphoryl lipid A
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- TLR- Toll-like _receptdr

MLV- multilamellar vesicles

DNA- deoxyribonucleic acid

‘pDNA- plasmid DNA

rCPC- recombinant cysteine protease C protein - R
cpe - cysteine protease C gene
MPL-LIP - MPLA containing 1ipos§me'

LIP — Liposome

LDU - Leishmania Donovani Units

DTH — Delayed Type Hypersensitivity
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 depicts cloning, overexpression and purification of recombinant éysteiné protease C

protein (rCPC). a. Schematic representation of pET28a-cpc; b. Clone confirmation of cpc in
pET28a vector. Lane 1 & 7, GeneRuler™ 1 kb DNA ladder (Fermentas, Canada) as fnaiker,

lane 2, vector pET28a, "lane 3, Ndel/BamHI digested pET28a-cpc construct, lane 4, PCR of
cpe from genomic DNA (insert), lanes 5 & 6, PCR of qloned construct; ¢. Coomassie Blue

sfaining of 10% SDS-PAGE, Lane 1,molecular mass marker, lane 2, overexpressed

recombinant cpc in E. coli BL21 (DE3), lane 3, purified recombinant cpc.

FIG. 2 shows the cloning and eﬁ(pfession of L. donovani cpc in mammalian expressioh
vector: (a). Schematic representation of pVAX1-cpc; ’(b) Clone confirmation of cpc in

pVAX]1 vector. Lane 1, A DNA digested with Hind III marker, lane 2 & 3, HindIII/BamHI

. digested pVAX1-cpc construct, lane 4, PCR of cloned construct, lanes 5, GeneRuler™ 1 kb

DNA ladder (Fermentas, Canada)cas- marker; (¢) RT-PCR analysis for cpc in the pVAXl-cpc |
'pransfected HEK293T cells. Lane l,nGenéRulerTM 1 kb DNA Ladder, lane 2, HEK293T cells
Without transfection,‘lé.ne 3, HEK293T cells trans_fe__cted with vector pVAXl’, lane 4 & 5,
‘HEK293T cells transfected with pVAX1-cpc; (d) Western blot analysis for expression of cpc -
in transfected HEK293T cell line, using rabbit anti-CPC antibody. Lane 1, western blot of
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pVAXIl-cpc construct transfected in HEK293T cell line, lane 2, western blot of pVAX1
vector transfected in HEK293T cell line.

FIG. 3 is the representative of Acoustic Alternative current (AAC) mode atomic forced

~ microscopy (AFM) images of empty DSPC liposomes with intralamellar MPLA and same

liposomes entrapping plasmid pVAX1-cpc.

FIG. 4 shows the resistance of cationic liposomes to DNAse. Lane 1: naked plasmid DNA

, (pVAXl-cpc). Lanes 2 &3: naked plasmid DNA (pVAX1-cpc) incubated with DNAse I for

Smin and 1 hour respectively. Lane 4: liposomal pVAX1-cpc incubated with DNAse I for 1
hour and subsequently extracted with phenol: chloroform (1:13. Lane 5: Liposomal pVAXI1-

cpc incubated \ivith DNAse I for 1 hour and run in gel without phenol: chloroform extraction.

FIG. 5 represents in vitro cell viability assay. Empty cationic liposomes with int:rabilayer
MPLA (3.2- 200 pg/ml with respect to DSPC) were incubated with murine peritoneal
macrophages and 1h, 4 h; 12h later MTE assay was performed Values presented are the

~ mean + S.E. of four rephcates

FIG. 6 is the toxicity analysis after intravenous administration of liposomal DNA. Serum ;

.20

25

30

samples were COllected from mice (n=5), fifteen days after intravenous administration of
liposomal DNA i(accine formulation and assayed for the enzymes aspartate transferase

(AST), alanine transferase (ALT) and alkaline phosphatase .(ALP) as indicators of
‘hepatotoxicity.. ‘ ' '

FIG. 7 shows the DTH responses in differently. vaccinated mice. Mice were immumaed twice

at 2-week interval. Ten days after immunization with recombinant CpC prote‘in -specific
DTH responses were im'easured. The response is expressed as‘the difference (in mm) between

the thickness of the test (recombinant CPC protein -injected) and eontrol (PBS-injected)
footpads at 24 h. ‘l;:ach bar represents the mean + S.E. for five individual mice per‘group at .
designated time point. The results are those ﬁom‘ one experiment representative of two

performed, Asterisks over each bar indicate significant differences in comparison to control ‘
groups. Asterisks over_ line indicate signiﬁeant di‘fferences between groups. * - iP‘ < 0.05; ***

- P <0.001.



10

15

20

25

30

WO 2016/103273 PCT/IN2015/000186

FIG. 8 shoWs tfle antibody production by liposomal DNA vaccine. Mice were immunized
with PBS, empty lipdsomes containiné intrabilayer MPL, vector pVAXl‘; naked or liposomal
pVAX1-cpc DNA. Individual rhouse sera from each group (n=5) were collected before
infectious chailenge. Recombinant CPC protein -specific production of IgG, IgG1 and IgG2a
was assayed by ELISA and an average of duplicate absorbance values of each serum sample

recorded. Values are given as mean of four measurements. *, P <'0.05; significant differences

from each other (Tukey post iest).

" FIG. 9 shows the cytokine resporises in vaccinated mice. Mice were immunized twice at 2-

week intervals. Ten days after last immunization spleens were collected from mice and
restimulated in vitro with recombinant CPC protein (5 pg/ml). After 72 h supernatants were
collected and concentrations of relcascd IFN-y, IL-4, IL-2, 1L-10 and IL-12 levels_ were

| 'detei’mi_ned by ELISA. Each samplé was examined in duplicate. Each bai‘-répresehts the

mean + S.E. for five individual mice per group. The results are those from one experiment
representative of two performed. Asterisks over each bar indicate significant differences in

comparison to PBS control group. *, P <0.05; **, P <0.01; *** P <0.001. -..

FIG. 10 is evaluation of protection against L. donovani in vaccinated mice. Kinetics of liver

and spleen parasite burden of mice immunized intra;nuécularly twice. at 2-week in'tervalvw‘ith '

‘paked pDNA (pVAXl-cpc), only vector (pVAX1) and pDNA entrappéd in cationic

liposomes (pVAX1-cpe/MPL-LIP). Control animals received PBS or adjuvant (MPL-LIP)

| only. At 10 days after the last immunization, mice were challenged intravenously with 2.5 x

10’ promastigotes of L. donovani. At the designated time mice were sacrificed and LDU were-
calculated from the weight and microscopic examihaﬁon of impression smears of liver and
spleen tissues. Each bar represents the mean + S.E. for five individual mice per group. The -
results are those from one experiment representative of two performed. Asterisks over each’

bar indicate significant differences in comparison to control groups. *** P <0.001.

DETAILED DESCRIPTION OF THE INVENTION

Despite the past 15 years of research, human DNA vaccines have yet to fulfill their

clinical success in the areas of infectious disease and cancer. Uselof traditional adjuvan'ts‘like

alum, lipopolysacchaﬁdes (LPS), CpG motifs etc. to-increase the immunogenicity of DNA .

‘vaccines have been modestly effective showing mixed results. Vaccine formulation -

10
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comprising of plasmid DNA entrapped in cationic liposomal vesicles with intralamellar
immunomodulator MPLA, as disclosed in the present invention, gets closer to the level of
immunogenicity required for human use. In general, any vaccine or drug molecule must reach -

its intended site of action, mostly inside the cell for its action avoiding non-specific

lintierae"tibns. Therefore, the problem of intracellular gene delivery involves not only the -

cellular'uptake of large charged molecules like DNA but also their intracellular availability at
the térget sites, traversing the biological barrier of plasma membrane, 1y_sosomal degradation
and nuclear envelop. Multilamellar pbsitiﬂfely charged lipdsomes have emerged as ideal
delivery system carrying DNA in its cOre, interacting with the negatively charged cell surface
for successﬁil gene delivery after endocytosis-mediated uptake [Almofti et al., 2003)] In
addition, cationic hposomes prov1de a protectlve role agamst extra- and intracellular
nucleases due to the compactlon and covering of DNA by the lipid bilayers [Ibanez et al

1996, Eastman,et al., 1997]. In brief, manipulating DNA into liposomal delivery system
makes it more efficient to stimulate both hu:horal and cell-mediated rééponses Since

llposomal efﬁcacy largely depends on sultable immunostimulatory adjuvants to generate the

- appropriate adaptlve immune response, the adjuvant monophosphoryl lipid A (MPLA) has
 been incorporated in the 11p1d-b11ayer of dehvery vesicles. MPLA i is a detoxified form of the

endotoxin lipopolysaccharide from Salmonella minnesota, and is among the first of a new

'generation of Toll-like receptor (TLR) agorﬁsts to be used in séveral human clinical trials

| [Garcon and Van Mechelen, 2011].

Vaecine formulation comprising of plasr'nid DNA ehtrapped in cationic lipbsomal
vesicles w1th mtralamellar 1mmunomodulator MPLA, as dlsclosed in-the present invention,
gets closer to the level of 1mmunogemc1ty requlred for human use. Liposomes and MPLA =

were chosen as adjuvants in this study as they are human-compatible inducers of cell-

" mediated immunity. Although liposomes containing MPL have shown considerable safety

and potency in human trials in several diseases including malaria, HIV-1 and cancer [Alving ,

etal., 2012], their»adquantvp_otency has never been tried against VL.

The preSent iﬁvention relates to the development of vaccination strategies with
catlomc hposomal vesicles containing intrabilayer MPLA through intramuscular route of
administration for DNA vaccination against experlmental VL Cysteine protemase has been
known to be protective against L. mfantum infection in BALB/c mice [Khoshgoo et al.,

2008} and thus, was chosen as the vaccine candidate. The potentiating effects of

11
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distearoylphosphatidy! choline (DSPC)-bearing cationic liposomes containing MPLA have
been 'analyzed for formulating a DNA vaccine. It has been observed that current adjnvant

formulation of cationic hposomes with mtrabllayer MPLA enhanced the Thl based cellular

immunity mediated by DNA vaccine alone without compromlsmg the safety. This 1s

" consistent with some early studies [Gustafson et al., 1992; Rickman et al., 1991; MaJurnder et

al., 20_11] which relates the adjuvant activity of MPL to activation of macrophages and its
ability to induce IFN-y,‘ IL-2, and 11.-12 known ,.to be essential for the induction of Thl-
derived cell mediated immunity [Nijkamp and Parnham, 2011). Predominant activation of the
Thl-derived immune system elicits a strong DTH ‘response and IgG2a production in
liposomal pVAX1 -cpc vaccinated mice as shown in the results. Flndlngs from the current

invention suggest the advantages of using hposomal carriers with 1mmunomodulatory act1v1ty

over naked pDNA for 1nduc1ng strong systemic--immunity against expressed antigen.

Liposomal encapsulatron protects DNA agalnst nuclease present in serum thereby mcreasmg

their retention trme transfection efﬁcacy and enhanced antrgen presentatlon Intramuscular
immunization with naked pDNA- (pVAXl cpc) alone could not elicit optimum protectron

~ The liposome-mediated pDNA~-de11very on the other hand resulted in robust protectron 34.18

and 54.25 times higher than naked pVAXI-cpc in liver and spleen respectlvely Hence

- genetlc Vaccrnatlon using pDNA entrapped in 1mmunomodulatory liposomes contalmng

MPLA represents an important advantage in 1nduc1ng protectlon against leishmaniasis.

Statistical analysis

One-way ANOVA analysis T(Multiple comparisons Tukey’s post hoc test) was
performed using the GraphPad Prism 5. O software for Windows (GraphPad Software San

Dlego CA). Results were considered significant when probability values were <0.05.

EXAMPLES

The following examples are given by way of illustration of the present invention and

therefore should not be construed to limit the scope of the present invention.

Example 1

. Cloning and purification of recombinant CPC protein‘ from L. donovani
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Genomic DNA isolated from L. donovaﬁi promastigotes (MllOM/lN/ 1983/AG83

V\originally isolated from an lndian k»ala-azarpatient and maintained in hamsters and BALB/c
" mice at the Indian Institute of chemical Biology, 4, Raja S.C. Mullick Road, Kolkata, West
Bengal, India ,Pin:-700_ 032) Yvas subjected to polyrﬁefase chain reaction (PCR) with:'sets of

gene specific primers correspOnding to cpe (~1 kb) gene. The primers used were Seq ID 1

~ (forward): 5" GGA ATT CCA TAT GCCA GCG ACG TCA AGC GCC GCT 3’ and Seq ID

2 (reverse): 5’CGG GAT CC CTA CTC CTG CGC GGG TAT GCC AGC3’ PCR conditions

were one cycle of 5 min at 94°C, 40 cycles of 1 min at 94°C, 1 min 20 s at 58°C, and 1 min |

10 s at 72°C, followed by a ﬁnallcycle of 7 min at 72°C. The PCR amplified fragment was

cloned in H1ndIII/BamHI site of bacterial expression vector pET28a (Novagen) Screemng

" for recombinant clones was performed by growmg randomly selected colonies overmght at

37°C in 5.0ml of LB broth (w1th 50ug/ul kanamycin). Cells were pelleted and plasmid DNA

extracted using the QIAprep Spin Miniprep Kit (Qiagen Valencia, CA.)"following the

manufacturer’s 1nstruct10ns For clone conﬁrmatlon approx1mately Ing plasm1d DNA from -

. individual miniprep was double d1gested w1th the appropnate restnctlon enzymes and the

digest loaded onto a 1% agarose gel, in parallel with the molecular. werght marker
GeneRuler™ 1 kb DNA ladder (Fermentas Canada). Posmve clones were selected on the
bas1s of the ‘size of insert and confirmed by DNA sequencing (ABI Prrsm Model 377
Applied B1osystems) Escherzchza coli BL21 (DE3) (parental strain for BL21 deﬁcrent in the

- lon and ompT proteases, from Novagen Cat No 69450 ) transformed with pET28a-cpc

25

30 .

construct was grown in 500ml culture med1um at 37 °C until OD at 600nm reached 0.6. The

~ host 1ncludes BL21 (DE3) and/or any of its precursors. Protein production was induced by .

“adding isopropyl B-d-thiogalactoside (IPTG) to a final concentration__ of 0.5 mM, and - -

incubating for an additional 4 h at 30 °C. The culture was then harvested by centrifugation at

6 OOOg, for 6 min at 4 °C, and the cell pellet was resuSpended in 6 ml of resuspension buffer

-(25 mM Tris-HCl, 500 mM NaCl, and 1 mg/ ml of Lysozyme, pH 8 0). The cell lysate was

somcated on ice for 5 min with 1 min pulse and 1 min interval between pulses us1ng an
ultrasonicator (Misonix). The pellet containing inclusion bodies was solubilised with

solubllzauon buffer [50 mM CAPS {3-(Cyclohexylamino)- l-propanesulfomc amd} buffer

" (pH 11. 0), 300 mM NaCl, and 0.5 % sarkosyl], kept at room temperature for 30 min and

ﬁnally centrlfuged at 12,000 g for 30 min at 4°C. The supernatant contammg solubilised -

proteins were loaded separately onto Ni? *_nitrilotriacetic ac1d—agarose (Nr—NTA) column
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(Qiagen, Valencié, CA) and purified u_nder denatuﬁng condition. The Ni-NTA column was

- pre equilibriated with equilibriation buffer [50 mM CAPS buffer (pH 11.0), 150 mM NaCl,

0.5 % sarkosyl and 10 mM imidazole]. The column was washed with wash buffer [50 mM
CAPS buffer (pH 11.0), 150 mM NaCl, 0.5 % sarkosyl and 20 mM imidazole] and eluted
with elution buffer [S0 mM CAPS buffer (pH 11.0), 150 mM NaCl, 0.5 % sarkosyl and 300
mM imidazole]. To refold, the purified materials were diluted 2 fold in dilution buffer
containing 50 mM CAPS buffer (pH 11.0), 150 mM NaCl and 300 mM imidazole, and then
dialyzed against 25 mM Tris-HCI, 250 mM NaCl, pH 8.0 and finally in 0.02M PBS for 6 hrs
at 4 °C [Tao et al., 2010]. Protein concentrations weie determined using Lowry’s method
[LoWry et al., 1951]. Purity and homogeneity of Ipuriﬁed proteins were checked by using
SDS-PAGE, and the gel was subsequently stained with Coomassie Bnlllant Blue R-250 (BIO-
Rad Laboratories Hercules, CA) '

‘The over expressed p_roteiri from E. coli BL21 (DE3) cells containing plasmid
pET28a-cpc was puriﬁed‘throughl Ni* 2NTA agarose column under denaturing conditions -
finally yielding refolded protein in native state. The recombinant protein was refolded,

d1alyzed and finally concentrated by freeze-drymg The yield of punﬁed protein was

“approximately 2. 5 mg per liter of culture. Analysis of the punﬁed recombinant CPC protein

showed that the protein was essent1ally_ homogeneous (Figure lc).

Example 2

Cloning and expression of L. donovani cpc for DNA vaccine

The- gene encoding full-length of L. donovani cpe (Seq ID 3; GenBank accession

number JX968801.1) was subcloned from pET28a in frame into pVAXI1 (Invitrogen, San

Diego, CA) at the HindlII/Bath_I restriction sites. The full'length cpc was amplified with
cpc-speciﬁc primers. The primers used were 'Seq ID 4 (forward): 5' CCC AAG CTT GGA

. 'ATG GGA GCC CTC CGC GCC AAG TCT 3', and Seq ID 2 (reverse) 5' CGG GAT CcC
- CTA CTC CTG CGC GGG TAT GCC AGC 3'ina Thermocycler (Gene Amp PCR System

9700; Applied Biosystems) using pfx Tag DNA polymerase (Invitrogen, San. Diego; CA).

" PCR conditions were one cycle of 5 min at 94°C, 40 cycles of 1 min at 94°C, 1 min 20 s at
: 58}°C, and 1 min 10 s at 72°C, followed by a final cycle of 7 min at 72°C. Amplified PCR
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product was electrophoresed in agarose gel and eluted from the gel‘ (QIA quick gel extraction
kit, Qlagen, Valencia, CA). The eluted product was subsequently cloned into mammalian

expression vector pVAX]1 and transformed into competent E. coli TOPlO cells. The

-transformants were screened for the presence of recombinant plasmids. Growth was initiated

by adding 20 ml of an overnight culture from a single colony to 1 L LB broth and incubating

- overnight in presence of 50 pg/mL kanamycin (Himedia, Mumbai, India) at 37°C with

constant shaking at 225 rpm. Isolated positive clones were sequenced, by DNA sequencer
(ABI.Pn'sm, Model 377; Applied Biosystems). Recombinant plasmid's were then maintained

- and propagated in TOP10 E. coli. Endotoxin-free plasmid DNA was isolated using Endo-free

plasmid isolation kit (Qiagen Valencia, CA)‘ according to manufacturer’s protocol and used

' for in vitro transfection and vaccination studies in BALB/c mice (BALB/C AnN (I.B) from

National Instituté of Nutr1t1on Hyderabad and reared in IICB ammal care fac1hty)

The plasr'nid construct re‘ferred“to as pVAXl -cpc (Fig. 2a) places cDNA for L.
donovam cpc under the transcriptional control of human CMV (cytomegalovirus) 1mmed1ate-
early enhancer/promoter element. The pVAXl -cpc plasmid expresses cysteine protease c’
from L. donovani straln (Fig. 2b &c) and can be obtained by us1ng standard techmques based
on the complete sequence drsclosed herem and in GenBank accession number J}(968 801. Thev

_positive clones were selected usmg PCR and restriction enzyme d1gest1on analysis (Figure 2

b), and the PCR product was further sent for sequencmg The results showed that the

recombinants were correctly constructed and could be expressed’in mammahan cell line.

Ekamples '

Transfection of p_lasmid constructs and Western blot :

. Human Embryomc Kidney 293 cells (HEK293T from Thermo Sc1ent1ﬁc Cat NO:

HCL4517) were maintained in DMEM medium (Invrtrogen San Drego CA) supplemented :

with 10% FBS The express1on of cpc was detected in mammalian cell by transfecting

: pVAXl -cpc construct in HEK293T cells using llpofectarnlne 2000 (Invitrogen, San Diego,

CA) accord1ng to the manufacturer’s mstructlons with slight modlﬁcatlons Bneﬂy,,

.HEK293T cells were cultured at 2 x 10 per well in 12-well plates to produce 85-90%
 confluence on the day of transfection. L1pofectam1ne 2000 and both pVAXl vector and

pVAXl-cpc construct were diluted in serum-free Opt1-MEM media (Invrtrogen, San Dle_go,
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- CA) at 1pg/200 pl and 2pug/200 pl, respectively. The diluted lipofectamine 2000 and plasmid

DNA were mixed together and incubated for 30 min at room temperature. The mixture was

then added drop wise onto the cell under gentle rocking condition, and incubated for 45 min

at room temperature. The transfected cells were incubated 4-6 h at 37 .°C with 5% CO; and
medium was replaced by 1ml of DMEM (Gibco) supplemented with 10% FCS (Grbco)._ The
cells were incnbated at 37°C in a CO; incubator for 18-24 hours post-transfection before
assaying for transgene expression. The media was replaced 24 h later with fresh media and

transfected cells were maintained in presence of 250 pg/ml of G418.

The transcription level of the cpc gene was detected by reverse transeription-PCR

(RT- PCR) using the cpc —speclﬁc primers mentioned above (Seq ID 4 and Seq ID 2) and the

- transient expresswn was analyzed by Western blottmg Briefly, total cellular RNA from

pVAXl -cpe- transformed HEK293T cells was isolated using RNeasy Mini Kit (Qiagen)

' accordmg to the manufacturer s instructions. The extracted RNA was treated with DNase I

(Roche Mannhelm Germany) to completely remove any resrdual DNA. cDNA was.
synthesrzed from 100ng of total RNA usmg SuperScrrpt I First-Strand Synthe51s k1t

- (Invitrogen, San Diego; CA) The cDNA was amplified by PCR with L. donovanz cpc

. spec1ﬁc primers mentioned above (Seq ID no 4 and 2). After ampllﬁcatron 10 pl of each

20
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: PCR product was apphed to 1% -agarose gel and v1suallzed by ethidium bromide staining. For

Western blotting, the protern extracts from the transfected 293T cells were separated by SDS-
PAGE and transferred onto a polyvmyhdeneﬂuonde (PVDF) membrane To detect the

expressed protein, a primary polyclonal antibody agamst recombinant cpc was used at 1:1000

- dilution followed by 1: 1000 dilution of HRP- conJugated goat anti-rabbit IgG secondary-.

. antrbody (Bangalore Genei, Bangalore India).

" Example 4

Preparation of cationic lipbso’mes‘ with MPLA and entrapment of plasmid DNA within

if:

Lipid's used herein were obtained from Sigma and Fluka. MPLA was bought from

Invivogen, San Diego, California. All other chemicals were of analytical reagent grade '

| Imtlally the solutron of lipid was prepared by dissolving 20 mg DSPC 3mg cholesterol, 2mg
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SA a’nd~ 10pg MPLA in approximately 1ml chloroform. The molar ratio of DSPC:-
Cholesterol: SA is 7:2:2 with 10pg/mli MPLA dissolved in chloroform followed by

evaporating the organic solvents to form a thin film. The uniform lipid film is made in round
bottomed flask with rotary evaporator. The lipid film is then desiccated in vacuum desiccator
for almost 16 hours at a te‘rr\lperatu:e of 25°C. Empty and olasmid DNA entrapped liposomes
were prepared by dispersion of lipid film in either 1 ml of 0.02 M PBS (pH 7.4) alone or
COntaining 1mg/ml of pVAX1-cpc. The mixture was then vottexed for 15 mins and sonicated-

" in an ultrasonicator (Misonix, New York, USA) for 30 s at 5 Hz, followed by incubation at

4°C for 2 h. The excess free plasmid DNA was removed by ultracentriﬁlgation at 105,000xg

for 1 h at 4°C twice. Estimation of percent lipo_somal DNA entrapment was based on its

~ quantification in the unentrapped fraction by absorbance at 260 nm. The level of DNA
: _,41ncorporat1on ranged between 75-80%. The hposomes thus prepared, w1th or without DNA,

were stored at 4°C untll charactenzed and/or used.

Example 5

~ Atomic forced microscopy for structural analysis of lipososmes

' For AFM imaging of liposomal 'samples,' 10pl of the sample was deposited onto'
freshly cleaved muscovite Ruby mica sheet (ASTM V1 Grade Ruby Mica from MICAFAB,

'Chennai) for 15-30 minutes. Mica sheets are basically negatively charged so samples binds

* strongly on the rmca surface After 15 min, the sample was dned by usmg vacuum dryer. The

sample was gently washed w1th 0.5ml M1lh-Q water to remove the molecules that were not ’

firmly attached to the mica and the sample was dried as mentloned above.

AAC mode AFM was performed using a Pico plus 5500 ILM AFM (Agilent
Technologies, USA) Witl‘l’ a piezoscanner maximum ratlge of 9pm., Micro fabricated silicon
cantilevers of 225um in lehgth with a nominal spring force constant of 21-98 N/m were used
from ‘Nano Sensors, USA.» Cantilever oscillation frequen_cy' was tuned into resonance

frequency. The cantilever resonance frequency was 150-300 kHz. | The images (512 by 512

~ pixels) were captured with a scan size of between 0.5 and 2 pum at the scan speed rate of

: O 511nes/S Images were processed by flatten usmg Pico viewl.4 version software (Agilent
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Technologles USA) Image processmg and analyzatlon has been done through PlCO Image
Advanced version software (Agllent Technologles USA).

The AFM images of liposomes on mica are shown in Figure 3 AFM in the acoustic

' alternatlve current (AAC) mode approaches allows the observation of the hposomal

morphology avoiding any sample manipulation such -as stammg, labeling, or fixation.
Flattening of vesicles on the mica support just few minutes after deposition mdrcates a
moderate stability of the liposomes on a mica substrate. AFM images clearly depict the
spherical, well-defined shape of liposomes with yisible multilamellar structures. The

liposomal DNA complex was seen to be compacted with very few aggregations.

Example 6

~ Zeta potential Measurement

The zeta potential, which is an indirect measurement of the vesicle surface charge,

) wasmeas_ured at room temperature by half-diluting the liposomes in 20 mM ?BS usihg Nano
7S Ze‘rasizer’ (Malvern Instruments, Worcestershire, UK). A polydispersity index value of 0.0

tepresents a homogeneous particle population, while a value of 1.0 indicates the

heterogeneity of the liposome preparations.

Values of the zeta-potential of liposomes indirectly reflect \:lesicl_e surface net charge
and therefore are used to evaluate the extent of interaction between‘ the- surface charges of
CatiOnie liposomes and the anionic charges of DNA. On this basis, the quesrion of DNA
entrapped versus empty DSPC liposomes with MPLA was investigated before and after
encapsulating the” desned plasmid DNA. The positively charged liposomes make a strong
complex with negatlvely oharged phosphate moiety on the sugar backbone of DN_A. Hence,

| entrapment of plasmid DNA into cationic liposomes probably led to neutralization of cationic -

charges and compaction leading to clear reduction of the zeta-potential values and size for the

formulation studied (Table 01). The liposomal formulations were heterogeneous size of

the zeta potential (z-p) of about 24. 3 + 3.1 mV and 22. 6 +1.2 respectlvely

18
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| Table 1. lncorporat1on of Plasrmd DNA 1nto L1posomes Vesicle Srze ‘zeta Potentral and

‘ 'entrapment pVAXl -cpe was entrapped m catlomc hposomes as shown Results represent

mean+ S.E.;n=3.

I Empty hposome \ 134 i‘23 86" | 24 3 i 3 l |

| Llposomes T with | ' . [77.7£65

‘9‘6.33 +14.31 22.6 + 1.2

entrapped pVAXl-cpc

Example7 ~

" DNase Protection Assay .-
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The plasmrd DNA gets easﬂy degraded by endonucleases such as DNase I, whrch is

one of the obstacles for the dehvery of plasmrd DNA in vitro or in v1vo Therefore the

stabrlrty n the presence “of DNase I is one of the essentral parameters of systennc genev

dehvery To confirm that hposomes descnbed herein protects plasrmd from nuclease, DNase
I protect1on assay was camed out usmg a method modlﬁed shghtly from that reported |

preV1ously (Wheeler et al., 1999) The following samples were tested naked plasmid DNA -
,and plasmid DNA entrapped in 11posoma1 vesmles A lug DNA ahquot -of each sample was- :
treated w1th lul DNase I (1U/p)) (Invrtrogen San Drego CA) 1l of 10x’ DNase I reactlon |
"buffer and water to IOul total volume and 1ncubated at 37°C for 15-60 mm The complexes .

© were subsequently extracte_d with phenol-chloroform a_nd_ analyzed on 1% agarose gel (Trls—

acetate buffer system, pH 8.2) and( stained with ethidium bromide post electrophoresis.

-Fig 4. reveals that most of the pla'smid‘DNA incorporated in the cationic liposomes
TpVAXI- cpc/LIP (MPL)] could not be degraded by DNAse I In contrast, naked plasmid
DNA (pVAX1- cpc) was degraded with few: mrnutes upon exposure to the enzyme This may
be attributed to condensed DNA state of the plasmld within the cationic llposomes which is .
re51stant to DNAse action ((Legendre and’ Szoka, 1995) Results of 11posoma1 DNA

o vulnerabrhty to degradatron by DNase were largely conﬁrmed by agarose gel electrophoresrs

~of samples of naked or llposomal DNA exposed to DNase I (Fig 4.). Based on 1nten51ty of .
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~ staining and the appearance of smearing, it can be seen that, whereas naked plasmld DNA

was completely dlgested (Fig 4. lanes 2 and 3), DNA entrapped in cationic 11posomes under
study was fully protected (Fig 4. lanes 4 and 5). Most of the DNA was entrapped in the

hposomes and retarded in the gel as no free DNA is seen in lane 5.

. Example 8

In vitro cytotoxicity assay

To test the effect of hposomes on cell viability, MTT [3-(4,5- drmethyl thiazol-2- yl)

2,5- d1pheny1 -tetrazolium bromlde Sigma-Aldrich) assay was perforrned in normal murine

| peritoneal ‘macrophages. Freshly harvested - intraperitoneal macrophages from healthy
BALB/c mice were plated at a density of 1x10° cells/well in a 96 well microtiter plates at

‘37°C in 5% CO; in RPMI_ as growth medium and incubated at 37°C overnight.in 5% CO;

at‘mosphere. After ouerrﬁght incubation, empty cationic »lip'dsomes (3.2-200 pg/ml with

Tespect to DSPC) were added to the medium and cells were incubated for another 1; 4 or 24

h. Cells incubated with only medium ‘seryed as cdrltrols (100% viabiiity)._ 100 pl MTT
solution (ng/ml) per 1 ml medium was added to each well after removing the media for 4 h
at 37°C. The reduced, 1nsoluble formazan crystals were solublhzed in DMSO and absorptlon .
was measured at 550 nm on Thermo MULTISCAN EX plate reader V1ab111ty was expressed
in percent in companson to untreated cells (100% surv1val). Experlmerrts were performed in -
triplicates and repeated at least twice. Relative cell Viability was calculated by dividirrg

[Absssp] (mean absorbance) of treated cells to [Abssso] of the control cells. Results of the cell

~ viability assays after liposome incubation are expressed in Fig. 5. Very high liposome -

concentrations between 100-200 pg/ml reduced the viability by 10-15% after 4 h of
1ncubat10n but did not affect the cell viability further even after 12h indicating that the

mvented formulatlon 1S totally safe for human use (Fig. 5).

" Example 9

The toxicity profiling of : the de\reloped formulation (liposomal' pVAX1-cpc) was
carried out using different toxicity markers. 5-week-old male BALB/c mice (n=5) were
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| “treated with lrposomes contalmng 50 ug or 100 pg plasmid DNA (w1th 1-2 mg of 11p1d w.r.t
DSPC/ammal/dose) in a 100pL injection volume in PBS, admlmstered by lateral tail vein

injection, in a single, double or triple dose. Animals were sacrificed 15 days after final
treatment. Plasma alanine aminotransferase (ALT), aspartate amiotransferase (AST) and
alkaline phosphatase (ALP) levels were determined for evaluating hepatotoxicity in plasma
samples collected from different animal groups (usirrg diagnostic kits from Randox,

Ardmore, UK) [Heyes et al., 2006].

The relative toxlcity of the new cationic liposomal formulation is of utmost interest

" for intended systemrc administration. The toxicity, if any, after intravenous delivery of

hposomal pVAXIl-cpc vaccine was examined by detecting the levels of serum AST, ALT and

- ALP in mice. AST is an enzyme involved in the transfer of an amino group from aspartate to

-~ alpha- ketoglutarate to produce oxaloacetlc acid - and glutamate, present in hrghest

concentratjon in liver followed by heart skeletal muscle krdney etc. Elevation in AST level

‘in serum generally indicates systemic tissue damage. ALP is an enzyme that comes mamly

from the cells hmng bile ducts and is normally ehmmated in bile. Increase in serum-ALP

y level than normal is suggestive of liver or b1le duct disease due to the body’s 1nab111ty to

excrete it through bile. ALT is prlmanly found in the liver, makmg it a more specific test for
detecting hepatocellular damage. The enzyme levels were elevated compared to normal

coritrols only after triple dose of the vaccine which was not ‘stativstically significant as shown

~-in Fig 6. AST, ALT and ALP. levels actually"rernained within the normal limits with SOug
| liposomal pVAXl cpc injected twice within 48. hrs (admmlstered dose) mdlcatmg that the

invented formulation is totally safe for human use.
Example 10

Immunization of mice and challenge infection

For immunization; ten 4-6 weeks-old, healthy BALB/c mice were injected

* intramuscularly in the hind leg thjgh muscle with 50 pg (in 50 ul of PBS) of pVAXl -cpe,

empty liposome or PBS. For all 1mmumzatron study, all groups were boosted once at 2- week
interval. Ten days after the booster the mlce were challenged intravenous wuh 25 x 10"
freshly transformed stationary phase promastlgotes in 200 pl PBS injected 1ntraver10usly as
described earlier [Mazumdar et al., 2004].” - |
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Example 11 -

Delaved type Hypersensitivity

One week after the last vaccination, delayed-type hypersensitivity (DTH) was
deterrnirred as an index of cell-mediated immunity. The response was evaluated by measuring
the difference in the footpad swelling at 24 h following intradermal inoculation of the test -

footpad with 50 pl of recomBinant CPC protein (5 pg/animal) from that of control (PBS-

- injected) footpad with a constant pressure céliper (Starret, Antrlol, USA) [Afrin et al., 1997].

. DTH response was measured in vaccinated mice 10 days after the last immunization.

Vaccinated mice with naked pVAXI-cpc pDNA and its encapsulation in cationic liposomes

’ drsplayed srgmﬁcant DTH responses in comparison to control groups (Frgure 7, P <0.05and '

P <0.01 respectlvely) However the response by pVAX1-cpc ‘was srgnrﬁcantly lower (P <

- 0. 05) than the response induced by lrposomal pVAXI1-cpc immunization.

Example 12

. rCPC specific humoral response

Serum samples of individual mice were obtamed before 1nfect10n ten days post

vaccination. Sera of individual mice were assayed for the presence of cpc specrﬁc total IgG,

IgGland IgG2a antibodies using enzyme-lrnked 1mmunosorbent assay (ELISA) as described
earlier [Afrin et al., 1997]. ‘I_n brief, 96-well microtiter plates (Nunc, Naperville, IL) were
coated with recombinant CPC protein‘ (50 pg/ml) and blocked to prevent nonspecific bindirlg. ~

The plates were then incubated with sera at a 1:200 dilution, followed by horseradish

- peroxidase (HRP)-conjugated goat IgG1, and IgG2a (1:1000) (BD Pharrningen, San Diego,

CA). The color rea‘ct'ionvwas developed, and the absorbance was read in an ELISA plate
reader (Thermo, Waltham, MA) at 450 nm [Afrin et al., 1997}

- In VL, increased IgGl would characterize the Th2 fesponse and disease progression

in L. donovani -infected animals, while increase in IgG2 is indicative of Thl response and

resistance to irifection [Deplazes et al., 1995]. Moreover, a_ntibody isotype profile correlates
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‘with type of cytokines produced from antigen-specific T cells. Switching of the IgG isotype |

to IgG2a is brought about by IFN-y while IL-4 is associated with IgGtl productionv [Coffman
et al., 1993]. IgG levels did not differ significantly between controls and liposomal DNA
vaccinated animals. The combined IgG1 and lgG2zl production with signiﬁcantly high ratio
of IgG2a:1gG1 as a measure of Th1:Th2 balance, discloses a Thl-biased immune protection
with liposomal pVAXl1-cpc DNA  vaccine. In corltrast mice ‘-immunized ‘with empty
llposomes and naked pVAXI1-cpe had similar IgG1 and IgG2a ratio lower than pVAX 1-cpc

entrapped in liposomes revealmg a lack of Th1 dominance (Figure 8). .

“Example 13

Cytokine assay

- For determ1nat1on of recombmant CPC protem spec1ﬁc total cytokme product1on )

spleens were removed aseptically from expenmental mice of each group at 10 days after the

last 1mmumzat10n Each spleen was teased between 20 um pore size sieve to prepare single
cell suspens1on in complete med1um prepared with RPMI 1640 (Sigma) supplemented with
10 mM. NaHCO3, 10 mM HEPES lOO U/ml penicillin, 100 ug/ml streptomycm sulphate, S0
uM 2-ME (Sigma) and 10% heat 1nact1vated fetal bovine serum. Erythrocytes were: removed* ‘

by lysis with 0.14 M Tris buffered NH4C1 The splenocytes were washed twice, resuspended

" in the culture medium and viable mononuclear cell number was determined by Trypan blue

exclusmn. Splenocytes were then incubated in a 96-well ELISA plate (Nunc) at a density of 2 _ .

x 10° cells/well in a final -volume of 200 ul with or 'Wi_thout___r6combinant CPC protein

| (2.5pg/well). The cells were incubated for 96 h at 37 °C in a humified chamber containing

5% CO,. After 72 h incubation supernatants were collected and cytokine concentrations of
IFN-y, interleukin (IL)-4, IL-2, IL- 10, and IL-12 were quantltated usmg Opt EIA kits (BD

Pharmingen) in accordance with manufacturer's instructions.

The quality and magnitude of the immune response is probably regulated by the

synergistic effect of the cytokines. We evaluated the ‘Thl and Th2 cjrtokine responses in .

. groups of vaccinated mice. Splenocytes from immunized mice were isolated 10 days after

immunization and IFN -y, IL-2, IL-10, IL-12 and IL-4 levels were measured in vitro folloWing
restimulation with recOmbinarrt CPC protein. While IL-12, IFN-y and IL-2, are r_egarded as
crucial for parasite control and resolution of disease, growing evidence_s suggests importance
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of IL-10 in down modulating type 1rresponses, resulting in,parasite persistence in the host
and progressive VL. CD4+ and CD8" Thi ,celis, via IFN-y and IL-2, direct the response
towards cell-mediated imrnunity involving cytotoxicity and macrophage activation, whereas
Th2 cells, via IL-4 and IL- 10, direct the response towards antibody productlon The two poles
are counter-regulatory such that antlbody formation is inhibited by IFN-y and macrophage
activation is largely inhibited by IL-4 and IL-10. Strong Thl based immune protection was
achieved with liposomal DNA formulation [pVAXl-cpc/LII-’(MPL_)]  compared to PBS,
adjuvant control and Vnaked‘plasmid DNA (pVAX1-cpc) as reflected by increased IFN-y, IL-

) and IL-IZ along with low levels of Th2 promoting cytokines like IL-4 and IL-10 (Figure 9

- ), after immunization. Even the mice immunized with empty Iiposomes containing MPLA

shows increased IL-12 and IFN-y as markers for Thl" response which enhanced wrth ]

: 'entrapprng the plasmid DNA construct

Example 14

~ Evaluation of parasite burden in liver and spleen

The efﬁcacy of naked and liposome-encapsuiate:d pVAXl-cpe plasrnids to protect-
animals against lethal L. tlonbvahi challenge, by intramu'scular immunization,' was evaluated
in murine model of progressive VL (Fig 10, After 3 rnon'ths of challenge infection clearance
of organ parasite burden was quantitated as LDU in liver and splee‘n biopsies. The course of

infection was monitored by the microscopic examination of Giemsa-stained impression

smears of liver and spleen. The parasite'l/oad was ex'pressed‘as-' Leishman-Donovan units

(LDU) and was calculated by the following formula: number of amastrgotes per 1,000 cell

nuclei x organ weight (in milligrams) (Stauber et al., 1958)

~ As shown in Figure 10, control mice receiving PBS or empty liposomes developed
highest parasite load in the lis/er and spleen due to progressive disease. Both naked and
liposomal pDNA (pVAXl-cpc) conferred protection against parasite challenge. upon
intramuscular immunization in spleen. However, protection was maximum and signiﬁcantly
increased in mice vaccinated with liposomal vaccine formulation over naked pDNA in liver
(P <0.05) and vspleen' P< 0.05). In contrast, only vector and adjuvant control‘ provided no

protection in spleen. Interestingly, there was significant decrease in parasite load in mice
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receiving only vadjuvlant (LIP-MPL) in liver (P < 0.05) after 3 months. showing sOrh'e

proteetive ‘capacity of cationic liposomes with MPLA alone. Liposomal p-DNA conferred

82.10 and 79.9 percent higher protection than empty liposomes, in liver and spleen

Tespectively.

ADVANTAGES OF THE INVENTION

1. -~ The adjuvant formulation comprising of MPLA incorporated in: the lipid bilayer of

cationic liposomes is a novel and safe strategy of combining TLR signaling with .

efficient delivery vehicle for antigen presentation and to promote CD4" and CD8' T
cell-mediated protective unmumty agamst Leishmania, through a route compatlble

with human administration.

2. -In a further aspect, there is provided a composition eompﬁsing plasmid DNA with
Thl promoting adjuvant and/or carrier to prevent and/or treat any parasitic infection.
The results obtained with encapsulating DNA can be extrapolated to other molecules' _
hke proteins/ peptides and may find application agamst 1ntracellular pathogens like

" Leishmania and also agalnst cancer. - - _ :

‘3. The present 1nvent10n is a breakthrough in the field of med1ca1 immunology and '

further to methods of preparatlon of vaccines and 1mmunomodulators to combat -

parasmc diseases and cancer.

4. In the present ihvention” incorporation of MPLA in the lliposomal formulation
provi‘ded better prOteetion that too in very low dose of MPLA (~1pg/animal/dose) in - -
* comparison to the dose of MPL- TDM whose dose requlrement is 25 pg/dose/ ammal

[Majumder et al., 201 1]

5 Compared to previous DNA vaccination with type I (cpa) and II (cpb) cysteine
- protease genes from Leishma_nia major w1th1n sohd-\lipid nanoparticles (J Pharm
Pharmaceut Sci (www.cspsCariada.org) 13(3) 320 - 335, 2010), the present invention

shows better immunopotentiation by incorporating MPLA in liposomes. o
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‘The liposome-mediated pDNA ‘(pVAXl,-cpc construct) delivery resulted in robust
protection, 34.18 and 54.25 times higher than naked pVAXI1-cpc in liver and spleen

respectively.
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“Seq ID 1 (forward): 5’GGA ATT CCA TAT G GCC CTC CGC GCC AAG TCT

GCG 3’

Séq ID 2 (reverse): S'CGG GAT CC CTA CTC CTG CGC GGG TAT GCC AGC3' -

Seq ID 3: | _ : | _ “

LOCUS JX968801 | 1038 bp DNA linear INV 28-OCT-2012

DEFINITION Leishmania donovani strain MHOM/IN/ 1983/AG83 cystelne protease C gene,

complete cds.

ACCESSION JX968801

VERSION JX968801.1. GI: 409905639
SOURCE ‘ Leishmania "donovani

. ORGANISM Leishmania donovani

» Eukaryoté; Euglenozoa; Kinetoplastida; Trypanosomatidae;

~ Leishmaniinae; Leishmania.

ORIGIN

1 atgggtcgcg gatccatggc cctecgegece aagtctgcgc tgtgeetggt ggccgtgttt
61 gccgtgttgc tggccaccac ggtgagcggc ctctacgeca agccgagtga ctttccgctt
121 ctcggcaaga gttttgtggc ggagatcaac tcaaaggcga ggggtcagtg gaccgcctcg
181 gccgataatg getacetggt cagcggcaag agcctcgagg aggtgcgcaa gctgatgggt - |
.241 gtgaccgaca tgagcaccga ggetgttect ccccgcaact tctctgtggt ggaaatgcag |
301 caagacctgc cagagttctt cgacgccgec gageactgge ccatgtgegt gacaatcagc ]
361 gagatccgtg accaatcgaa ctgeggeteg tgctgggccea tegeegeggt ggaggctatt
~ 421 tcggaccget actgcaccct cggtggcg‘tt ccggatcgec geatatcgac cagcaacctt '
481 ctctcctgct gcttcatatg cggcetttgge tgctacggeg geattccgac gatggegteg
541 ctgtggtggg tgtgggtggg cataacgacg gaggtctgcc agecctacce ctttggccéa :
601 tgcagccate 'acgggaacag"i:gacaa;gtac ccgccctgéc cgaacaccat ctacgatacc .
661 cctaaatgca ataccacctg cgagaaaagc gégatggatc tggtcaagta caagggcggc
721 acatcttact ccgtcaaagg cgagaaggag ctcatgatcg agctcatgac caacggcccc
781 ttggagg’[ga ccatgcaggt gtactccgac ttcgtcgget acaagagtgg agtgtacaag
841 cacgtctctg gtgaccttct cggtggacac geecgtaaaac tggteggctg gggaa_cccaa o
901 ggcggtgtcc"cgtactggaa gatégbcaac agct'g-gaaca ccgactggog tgacaaéggc
961 tacttcctga tccagcgcgg cagcaatgag tgcggtattg agagcggcgg cgttgetgge
1021 acaccegege aggagtag

Seq ID 4 (forward) 5'CCC AAG CTT GGA ATG GGA GCC CTC CGC GCC AAGTCT
g : :
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CLAIMS

A DNA vaccine formulation in cationic liposome vehicle useful for maximizing

vaccine potency for leishmaniasis characterized in contammg 1ntraJamelIar

monophosphoryl lipid A (MPLA) and cysteine protease C (cpc) gene.

.. A DNA vaccine formulation as claimed in claim 1 wherein a plasmid DNA

containing Seq ID 3 encoding cysteine protease C (cpc) gene of L. donovani is

' ,ehcapsulated in the cationic liposome vehicle.

A DNA vaccine formulatlon as cla1med in clalm 1 whereln the cationic hposome 1Isa

multilamellar vesicle compnsmg of:

a) aneutral lipid preferably distearylphosphatidylcholine (DSPC);
~ b) acationic lipid preferably stearylamine (SA); |
c) a second neutral lipid preferably cholesterol and

- d) a TLR agomst preferably Monophosphoryl lipid A (MPLA)

A 'DNA vaccine fortnulétioxh as claimed in claim 3 wherein the ‘neutral lipid, the
'catlomc lipid, the second neutral 11p1d and the TLR agomst are formulated in a range

of 7.1.5.1.5.0.0016 to 7:2.5:2.5:0.003 molar ratlo

A DNA vaccine formulation as claimed in vclé_lir.n‘z wherein the plasmid DNA is .

present in the range of 700 to 1000 pg/ml.

'A DNA vaccine formulatlon as claimed in claim 1 is administered to a subject via

1ntra-venous 1ntra-muscu1ar or intranasal route wherein said subject is a mammal

- including human. |

The cationic liposome containing MPLA as claimed in claim 3 is useful as efficient

delivery vehicle for biontole’cule_s and vaccines.

A process for the preparatlon of the DNA vaccine formulation as clalmed in cla1m 1

" wherein said process comprising the steps of

a)  cloning c-ysteine protease C (cpc) gene having Seq ID 3 into pET28a vector;
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b)

d

9 |

“h)

sub clomng cpc clone obtained in step (a) into pVAX1 vector to make
pVAXI1-cpc plasmid DNA construct; '

‘ dissolving a neutral lipid, a cationic lipid, a second neutral lipid and a TLR
~ agonist as claimed in claim 3 in a range of 7:1.5:1.5:0.0016 to 7:2.5:2.5:0.003

~ molar ratio in an organic solvent preferably chloroform to obtain a solution ,

followed by removing’ solvent using evaporator to obtain a lipid film;

~ desiccating the lipid film as obtained in step (c) at a temperature in the range

of 25 to 28°C ,fofla period in the range of 12 to 16 hours to obtain a dried lipid
film; 1 | -

dissolvmg the plasmid DNA as obtained in step (b) in the range of 1 to 2

mg/ml in a phy51olog1cally acceptable aqueous medium to obtain a'solution;

| hydratlng the dr1ed llpld ﬁlm as obtamed in step (d) w1th the solution as

obtained in step (e) to obtain a solution

vortexing the sblution obtained in step (ﬂ for a peiiod ranging between 10 to
15 min and sonicatiil_g for a period in the range of 30 to 45 sec at 4 to5 Hz”at a
tempefatu’re in the range of 3 to 4°C‘ to dbtain a liposoinal formulation;

removmg the excess free plasmid DNA from the liposomal formulation as

obtalned in step (2) by ultracentnﬁlgation to obtain a DNA vaccine

formulatlon.

A process for the preparation of the DNA vaccine formulation as claimed in step (e) V

of claim 8 wherein physiologically acceptable aqueous medium is Phosphate'Buffer

' Saline solution in a molar ratio in the range 0f 0.01 t0 0.02.

Use of the DNA vaccine formulation as claimed in claim 1 as a vaccine against

leishmaniasis for maximizing vaccine potency in mammals against Leishmania

parasite.

Use of the cationic liposome as claimed in claim 7 to generate strong humoral and

cellular immunity required to combat various pathogens and cancer.
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12. - Use of the cationic liposome as claimed in claim 7 for drug screening against
’ leishmaniasis.
13. - A pharmaceutical composition comprising a Vtherapeutvi\cally effective amount of the

DNA vaccine formulation of claim 1 in a pharmaceutically acceptable carrier.
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