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[571 ABSTRACT

The instant disclosure relates to cochleates comprising ) a
biologically relevant molecule componerit b)'a negatively
charged lipid component, and ¢) a divalem cation compo-
nent. The cochleate has an extended shelf life, even in a
desiccated state. Advantageously, the cochleate can be
ingested. The biologically relevant molecule can be a topical
application and an in vitro treatment, a polypeptide a drug,
a nutrient, or a favor.

59 Claims, 9 Drawing Sheets
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- COCHLEATE DELIVERY VEHICLES

This is a continuation-in-part of PCT US/96/01704 filed
Feb. 22, 1996, which is a continuation-in-part of appli¢ation
Ser. No. 08/394,170 filed Feb. 22, 1995, now U.S. Pat. No.
5,840,707, which is a coritinuation-in-pari of apphcanon Ser.
No. 081‘130 086 filed Oct. 4, 1993,

Portions of the subject matter disclosed herein were
supported in part by mondies or grants from the United States
Governtrent.

FIELD OF THE INVENTION

The instant invention relates to cochleates and use thereof
to stabilize biclogic molecules, such as carbohydrates,
vitamins, minerals, polynucleotides, polypeptides, lipids and
the like, Cochleates are insoluble stable lipid-divalent cation
striictures into which is incorporated the biologic molecule.
Because cochleates can be biologically compatible, cochle-
ates ¢an be administered to hosts by corventional routes and
can serve Lo deliver the biologic moleculs to & targeled siie
in a host.

BACKGRO‘UND OF THE INVENTION

Plain lipid cochleates (FIG. 1) have been described pre-
. viously. Prstein-cochleates or peptide-cochleates have heen
described heretofore and patenied by the instant inventors,
as intermediate structures which can be converted to protein-
lipid vesicles (proteotipesomes) (FIG, 2} by the addition of
calcium chelating agents {see U.S. Pat. No. 4,663,161 and
U.S. Pat. No. 4,871,488, the disclosures of which expressly
arc incorporated herein by refercrce). Frecze-fracture elec-
tron micrographs of protein-(cochleates containing Sendai
glycoproteins made by the DC method show the rolled up
lipid bilayer structures with a “bumpy” surface. Plain phos-
pholipid cochleates are smooth in that type of preparation.

The proteoliposomes resulting from polypeptide-
cochleates have been shown fo be cffective immunogens
When adminstered to antmals by intraperitoneal and intra-
muscular routes of immunization (G. Goodman-Shitkoff, et
al., J. Immunol., Vol. 147, p.410 (1991, M. D. Miller, et al.,
J: Exp. Med., Vol. 176, p. 1739 (1992)). Further, when the
glycoproteins of Sendai or influenza virus are reconstituted
by that method, the proteoliposomes are effective delivery
vehicles for encapsulated proteins and DNA to atimals and
to cells In culture (R. J. Mannino and S. Gould-Fogsrite,
Biotechnigues, Vol. 6, No. 1, pp. 682690 (1988); S. Gould-
Fogerite et-al, Gene, Vol. 84, p. 429 (1989); M. D. Miller,
et al., J. Exp. Med., Vol. 176, p. 1739 (1992))

It would be advantageous to provide a means for stabi-
lizing -or preserving biologic molecules in a form that is
stable at room temperature, capable-of desiccation and is
suitable for oral administration. For example, it waould be
beneficial to have a formulation for stabilizing polynucle-
otides and which could be used for delivering polymcle-
otides to a cell. A formulation comprised of drugs, nutrients
and flavors would also be beneficial for the stabilization and
delivery of the molecules 1o a cell.

SUMMARY OF THE INVENTION

Accordtingly, it is an object of the instant invention to
provide a means for siabilizing biclogic malecules to yield
a formulation with prolonged shelf life, which can be made
into povder form and which later can be rehydrated to yield
a biologically active molecule.

It also js an object of the instant. invention to provide a
formulation suitable for usc as a vehicle to administer a
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biologically active molecule to a host. The formulation can
be used to deliver a biologic molecule to the gut for
absorption or 1o a targeted organ, tissue or cell. A suitable
biologic molecule is a polynucleotide or a bicactive com-
pound such as a lipophilic drug.

Gther suitable biologic molecules are polypeptides such
as hormones and cytokines or nutrients such as vitamins,
minerals, and fatty acids.

Yet other suitable biclogic molecules are essential oils
which impart flavor,

Those and other objects have bocn obtained by providing
a cochleate formulation comprising the following compo-
nents: '

a) at least one bmlogicaily relevant molecule component
o be stabilized or delivered,

b} at least one negatively charged lipid component, and

) at least one divalent cation component.

In & preferred embodiment, the cochleate formulauon is
administered orally.

The instant invention further provides a cochleate formu-
lation containing a polynucleotide wherein said
polynucleonde cochleate compnses the following compo-
nents:-

&) at least one polymucleotide component,

b) at least one negatively charged lipid component, and

¢) at least one divalent cation component.

The polynucleotide can be one which is expressed fo yield
a biologically active polypeptide or polynucieotide. Thus,
Wgﬁ%iﬂ immunogen or, for example,
have enzvmalic acuvity. POIICEOIIdE may have cata-
lytic activity, for ¢xatuple, be a ribozyme, or may serve as
an inhibitor of transcription or trapslation, that is, be an
antisense molecule If expressed, the polynucleotide would
include the necessary regulatory elements, such as a
promoter, as known in the art. '

The instant invention further provides a cochleate formu-
lation contalmng & polypeptide, wherein said polypeptide-
cochleate comprises the following components:

a) a polypeptide component

b) a negatively charged lipid cormponent, and

¢) a divalent cation component.

A specific example is an insulin cochleate.

The instant invention also provides a cochleate formula-
tion containing a lipophilic drug, wherein said drug-
cochleate comprises the following components:

a) at least one drug,

b} at least one negatively charged lipid component, and

c) at least one divalent cation ¢component.

Thus, the drug may be an inhibitor of viral replication such
as that used in the treatment of HERPES (acyclovir), or one
prescribed for it’s antifungal effect on mycotic infections
{miconazole nitrate). The drugs may also be those with
specific targeted effects on different physiological systems
such as anesthetics (propofol) which effect the nervous
syslem, oI immunosuppressants, such as cyclosporin A,
which inhibit immune celi function. Other lipophilic drugs
may also be selected from the groups of anti-infectious,
anti-cancer, steroidal anti-inflammatory, non-steroidal anti-
inflammatory, tranquilizer, or vasodilatory agents.

The instant invention further provides a cochleate formu-
lation containing a nutrient, wherein said nutrient- cochleate
comprises the following components:

a) at least one nutrient,

b) at least one negatively charged lipid component, and
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©) at least one divalent cation component.
Specific examples include vitamin A-, polyu;nsatm'atcd fatty
acids- and mineral-cochleates.

The instant invention furthet provides a oochleate formu-

lation contammg 4 flavor, wherein said flavor-cochleate-

comprises the following components:

) at least one essential oil or extract,

b) at least one negatively charged lipid component, and

<} at least one divalent cation component,

Examples include flavor substances generally associated
with essential oils and extracts obtzined ‘from botanical
sources such as herbs, citrus, spices and seeds. Oils/extracts
are sensitive to degradation by oxidation, and becayse the
processing: of the natural oils and extracts often involves
multistep operations, costs are generally considered to be.
higher. The-advantage of an cilextract-cochleate would be
in the stabilization of these otherwise volatile and expensive
flavor substances. Flavor-cochleates can also be incorpo-
rated inito consumable food preparations as flavor enhancers.

The advairtages of cochleates are numerous. The cochle-
ates Have ¢ nonagqueous siructure while not havmg an
internal aqueous space, and therefore cochleates: *

{2} are miore stable than liposornes because the lipids in

cochieates are less susceptible to oxidation;

{b) can be stored lyophilized which provides.the potential
to be stored for long periods of time at rfoom
temperatures, which would be advantageous for world-
wide -shipping and storage prior to administration;

{c) maingain structure even after lyophilization, whereas
liposome structures arc destroyed by lyophilization;

() exhibit efficient incorperation of biological molecules,
particularly with hydrophobic moieties into the lipid
bilayer. of the cochleate structure;

(¢} have the potential for slow or timed relesse of the
biologic molecule in vivo as cochleates slowly unwind
or otherwise dissociate; _

. (D) have s lipid bilayer matrix which serves as & carrier
and is composed of simple lipids which are found in
animal and plant cell membranes, so that the lipids are
non-toxic, non-immunegenic and non-inflammatory;

(g) contain high concentration of divalent cation, such as,
calcium, an ¢ssential mineral;

" (k) are safe, the cochleates are non-living subumt

- formulations, and as a result the cochleates have none

of the risks associated with use of live vaccines, or with

vectors containing fransforming sequences, such as life

threatening infections in immunocompromised indi-

viduals or reversion to wild type infectivity which
poses a danger to even healthy people;

(i) are produced easily -and safely; and

(i} can be produced as defined formulations composed of
predetermined amounts and ratios of biologically rel-
evant molecules, including polypeptides, carbohy-
drates and polynucleotides such as DNA, lipophilic
drugs, and nutrients such as vitamins, minerals and
fatty -agids.

The advantages of oral administration also are MIMErous.
An oral route has been chosen by the WHO Children’s
Vaceine Initiative because of ease of administration. Oral
vaccines ar¢ less expensive and much safer to administer
than parenterally (intramuscular or subcutancous) adminis-
tered vaccines. The use of needles adds to the cost, and also,
unfortunately, in the field, needles are often reused.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic representation of a plain lipid
cochleate.

4
'FIG. 2 shows the structure of polypeptide-lipid vesicles

" with integrated membrane proteins.
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FIG. 3 summarizes the various alternative procedures for
the preparation of cochleates.

FIGS. 4(A) and 4(B) show serum antibody titers in mice
following oral administration of influenza polypeptide-
cochleates.

FIG. 5 is a graph showing the results of gral administra-
tion of polypeptide-cochleates when challenged with live
virus.

" FIG. 6 is a graphic representation of serum antibody titers
in mice following oral administration of Sendai-cochleates.

FIG. 7 is a graph depicting the induction of antigen-
specific cytoloxic splenocytes following oral administration
of Sendai cochleates.

FIG, 8 provides a series of bar graphs depicting serum
glucose levels before and after orsl insnlin administration.

DETAILED DESCRIPTION OF THE
INVENTION

The instant inventors have now found surprisingly and

have demonstrated that cochleates themselves be used as

means for stabilizing and delivering biologic molecules. The

cochleafes survive the harshi acid environment of the
stomach, protecting the susceptible biologic molecules
immersed therein, probably by virtue of their unique mul-
tilayered precipitate structure. It is likely that cochleates then
ars taken up by microfold cells (M cells) in the small
intestine.

The instant inventors have demonstrated that oral admin-
istration by drinking cochleates containing the glycoproteins
and viral lipids from the surface of influenza or Sendai
viruses plus phosphatidylserine and cholesterol, stimulate
both mucosal and circulating antibody responses. in
addition,” strong helper cell (proliferative) and killer
(cytotoxic) celt responses also are gencrated. Perhaps most
impressively, oral administration of the influenza cochleates
protects against intranasal challenge with live virus.

Those results are unexpecied for a number of reasons.

It was not known and was not expected that the cochleates
would survive the stomach and ptrotect the polypeptides
associated with them from the acid environment and deg-
radative enzymes. It is known that withoitt the presence of
at least 3 mM calcium, the cochleates begin to unwind and
form liposomes. It was possible, in fact Likely, that the
cochleates would not remain intact during the transit from

‘the mouth, down the esophagus and through the stomach. If

cochleates did come apart, they would be digested as food.

Also, having survived the stomach, that the cochleates
would interact in an effective way with the mucosal and
circulating immune systems was unknown and unexpected.
Everyone ingests large quantities of proteins, fats and sugars
on a daily basis which simply get digested and used as fuel,
without stirmulating any kind of mucosal or circulating
immune responses. Thus, the cochleates deliver molecules
which retain biologic activity at the delivery site within the
host.

As used herein, the term “immune response” means either
antibody, cellulér, proliferative or cytotoxic activities, or
secretion of cytokines.

Also, as used herein, the term “antigen” is meant to
indicate the polypeptide to which an immune response is
directed or an expressible polymicleotide encoding that

s polypeptide.

“Polynucleotide” includes DNA or RNA, as well as
antisense and conzymatically active molecules. Thus the

A
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biologically relevant molecule can be the’ polynuclestide
itself, the -transcript thereof or the transhted polypéptide
enceded thereby.

- “Polypeptide™ is any oligomer or polymer of amino acids.
The amino acids can be L-amino acids or D-amino acids. 5
A “biolagically relevant molecule” is one that has a role

in the life processes of a living organism. The moleculs may

be ofganic or inorganic, a monomer or a polymer, endog-
¢nous 1o 4 host organism or not, naturally occurring or
synthesized in vitio and the like. Thus, examples include, 1©
vitamins, minerals, amino ‘acids, ‘tokins, microbicides,
microbistats, co-factors, énzymes, polypeptides, polypep-
tide aggregates, polynucleotides, lipids, carbohydrates,
nucleotides, starches, pigments, fatly acids, fatty acids of
polyunsaturated form, flavored essential oils or extracts, 15
hormones, cytokines, viruses, organelles, steroids and other
multi-ring. structures, saccharides, megals, metabolic
poisons, drigs and the like.

The instant invention also can be pracucad using whole
cells-other subcellular replicative entities, such as viruses
and vitoids. Hence, bacteria, yeasts, cell lines, viruses and
the like can be mixed with the relevant lipid solution, caused
to precipitite to yield structures wherein the cells and the
like are fixed within the cochleate structure.

Polypeptides are suitable molecules to be incorporated
with cochleates. The procedure for preparing cochleates is
- set forth in greater detail hereinbelow. The polypeptide is
suspended in a suitable agueous buffer. The Iipids are dried
to form a thin film. Then the agqueous buffer is added to the
lipid fitm. The vessel is vortexed and then the sample
dialyzed against a cation-containing buffer.

‘1o that way, for example, coclileates carrying insulin can
be obtained. The insulin cochleates were made with a 1
mg/ml solution of insulin, but various other beginming
coneentrations of insulin can be nsed to obtain cochleates
loaded with varying concentrations of insulin.

Recent studies indicate that the direct injection of DNA
plasmids can lead to the cxprassmn of the prateins encoded
by those plasmids resulting in humoral and cell mediated
immune responses, see, for example, Wing ot al., Proc: Nail
. Acad. Sci. 90: 4156-4160°(1993); Zhu et al., Sczence 261:
205-211 (1993). These studies indicate that DNA vaccines
could provide a safe and effective alternative for human
vaccination. Those studies also suggest that DNA vaceines
could bepefit from simple, more efficient delivery systems.

The use ‘of lipids to facilitate the delivery, entry. and
expression of DNA in animal cells is well documented, see,
for example, Philip et al,, Mol. Cell Biol. 14: 2411-2418
{1994). Indeed, DNA-lipid complexes currently form the s
basis for a number of himan gene therapy protocols.

Because cochleates are stable structures which can with-
stamt 2 variety of physiologic conditions, cochleates are
suitable means for delivering biclogic molecules, such as,
polypeptides or polynuclectides, to a s¢lected site in a host, 55
The polypeptide or polynucleotide is incorporated into gnd
integral with the cochleate structure. Thus the polypeptide or
polynuclectide, which may need to be expressed, are pro-
tected from degrading proteases and nucleases.

The cochleates used in the instant inveption can be 60
re?‘éa by known methods s s those desgribed In1LS.
af. y led Apr. 22, 1985 118, Pa.-No.

4?71383 ﬁled Apr 13,1987, S. Gould-Fogerite ef. al..
Araiytizat BIseTemisiry, Vol. 148, pages 15-25 (1985), S.
Gould-Fogerite et al., Advdnces in Membrane Biochemistry 65
anid_ Bioenérgetics, edited by Kim, C. H., Tedeschi, T.,

Diwan, J. T, and S{ﬁm 00, 4. Coy. P"IEnum im Press, New Yok,
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‘pages 569-586 (1988); S. Gould-Fogerite et al., Gene, Vol.

¥4, pages 429-438 {1989, Liposome Technology, >nd
Edition, Vol, I, Liposome Preparation - and Relaied
Techmiques, Vol. II, Entrapment of Drugs and Other
Materials, and Vol. IMI, Iriteractions of Liposomes with the
Biological Milieu, all edifed by Gregory Gregoriadis (CRC
Press, Boca Raton, Ann Arbor, London, Tokyo), Chapter 4,
pp 69-80, Chapter 10, pp 167-184, and Chapter 17, pp.
261-276 (1993); and R. J. Mannino and 8. Gould-Fogerite,
Liposome Mediated Gene Transfer, Biotechnigues, Vol. 6,
No. 1 (1988), pp. 682-690.

The polynucleotide can be onme which expresses a
polypeptide, that is, pathogen membrane polypeptides, aber- -
rant or atypical cell polypeptides, viral polypeptides and the
like, which are known or which are suitable targets for host
immune system récognition in the developmeit of immunity
thereto.

“The polynuclectide may express a polypeptide which is
biologically active, such as, an enzyme or structural or
housekeeping protein. _

Also, the polynucleotide may be one which necessarily is
not expressed as a polypeptide but nevertheless exerts z
biologic effect. Examples arc antisense molecules and
RNA’s with catalytic activity. Thus, the expressed sequence
may on iranscription produce an RNA which is complemen-
tary to a message which, if inactivated, would negate an
undesired phenotype, or produce an RNA which recognizes
specific nucleic acid sequences and cleaves same at or about
that site and again, the non-expression of which would
negate an undesired phenotype.

The polynucleotide need not be expressed but may be
used as is. Thus, the polynucleotide may be an anti.sense
molecule or a ribozyme. Also, the polynucleotide may be an
immunogen,

. Thus, for polynucleotides, the relevant coding sequence is
subcloned downstream from a suitable promoter, other regu-
latory sequences can be incorporated as needed, in a vector
which is expanded in an appropriate host, practicing meth-
ods and 1sing: materials kmown and aveilable in the art.

For exampie, two plasmids, pDOLHIVenv (AIDS
Research. and Reference Reagent Program, January 1991
catalog p. 113; Freed et al. J. Virol, 63: 4670 (1989)) and
pCMVHIVLenv (Dr. Eric Freed, Laboratory of Molecular
Immunology, NJAID, NIH) are suitable expression plasmids
for use in polynucleotide-cochleates.

The plasmids contain the open reading frames for the env,
tat and rev coding regions of HIV-1 (LAV strain).

pDOLHIVenv was constructed by introducing the Sall-
Xhol fragment from the full length infections molecular
clone pNLA-3 into the Sall site of the retrovirus vector,
pDOL. (Korman et al. Proc. Natl Acad. Sci. 84: 2150
(1987)). Expression is from the Moloney murine virus LTR.

pCMVHIVLenv was constructed by cloning the same
Sall-Xhol fragment into the Xhol site of the cytomegalovi-
ruts {CMV)-based expression vector p763.

The polynucleotide can be configured to encode multiple
epitopes or epitopes conjugated to a known immunogenic
pepiide to enhance immune system recognition, particularly
if an epitope is only a few amino acids in size.

To form cochleate precipitates, a majority of the lipid
present should be negatively charged. One type of lipid can
be used or 2 mixture of lipids can be used. Phosphati-
dylserine or phosphatidylglycerol generally have been used.
Phosphatidylinositol also forms a precipitate which converts
to liposomes on contact with EDTA. A substantial propor-







- 5,994,318

7 :

“tion of the lipid can, however, be neutral or positively
charged. The instant inventors have included up to 40 ol %
cholesterol based on total lipid present and routinely make
polypeptide-lipid or polynucleotide-lipid cochleatés which
contain 10 mol % cholesterol and 20% viral menmibrane
lipids. : :

-Phosphatidylethanolamine, plain or cross-linked to
pelypeptides, also can be incorporated into cochleates.

While negatively charged lipid can be used, a negatively
charged phospholipid is preferred, and of those
phosphatidylserine, phosphatidylinositol, phosphatidic acid
and phosphatidylglycerol are most. preferred. -

One skilled in the art can determine readily how much
lipid must be negatively charged by preparing a mixture with
known concentrations of negative and non-negative lipids
and by any of the procedures described herein, determining
whether precipitates form. )

There are several known procedures for making the -
cochleates of the instant invention and those are schematized
in FIG. 3.

A suitable procedure for making cochleates is one
wherein a negatively charged lipid such as
phosphatidylserine, phosphatidylinositol, phosphatidic acid
or phosphatidylglycerol in the absence or presence of cho-
lesterol (up’ to 3:1, preferably 9:1 wiw) are utilized to
produce a ‘suspension of multilametlar lipid vesicles con-
taining or surrounded by a biologically- relevant molecule
(polypeptide, polysaccharide or polynucleotide, such as
DNA) which are converted to small unilamellar pratein Hpid
vesicles by sonication under nitrogen. Alternatively, to avoid
darnage, the biologically relevant malecule can be added to
the solution following sonication. The vesicles are dialyzed
ai room temperature. against buffered divalent ¢ation; e.g.,
Calcium chioFite; ng in the formafion of an IHSOIITHIE
precipiiate Which may be presenied In a form referred1o as

TToChlEdie CyLnaer, Alter centriugation, the resulting peliet
ca De taken up in buffer to yield the cochleate solkatio
utilized in the instant invention. :

In an alternative and preferred embodiment, an amount of
negatively charged lipid, e.g., phosphatidylserine . and

" opticnally, cholesterol in the same proportions is above and
equal to from about 1 to 10 times the weight, preferably
equal to four times the weight of the viral or other additional
lipids (including polyunsaturated fatty acids of essential
oils) are utilized to prepare the cochleates. Either a
polypeptide, a mineral such as calcium, maghesium, barium,
iron or zing, a vitamin such as vitamins A, D, E or'K, a
lipophilic drug, a flavor, a carbehydrate or polynucleotide,
such as DNA, is added to the solution. That solution then is
dialyzed against buffered divalent cation, e.g., caleium
chloride, to produce a precipitate which can be called a DC
(for direct calcium dialysis) cochleate.

An additional, related method for reconstituting cochle-
ates’ has been developed and is called the LC method
{liposomes before cochleates). The initial steps.
addition of extracted polypeptide, polysaccharide,
polynucleotide, such as DNA or combinations thereof, to

ried down negafively charged Tipld and cholesterol are the
same as for the Dg__r_qethod. However, the solution next is
dialyzed against buffer (e.g., 2 mM TES, 2 mM L-histidine,
100 mM NaCl, pH 7.4) to form small iposomes containing
the polypeptide, polynucleotide, such as DNA, and/or
polysaccharide. A divalent cation, e.g., calcium, then is
added eithier directly or by dialysis to form a precipitate
which can consist of cochleates,

In the above procedures for making the cochieates of the
instant inveation, the divalent cation can be any divalent

dnvelving.
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3

cation that can induce the formation of a cochleate or other
insoluble lpid-antigen structures, Examples of suitable

divalent cations include Ca*?, Mg*?, Ba*?, and Zn*? or Fe*?

other clements capable of forming divalent ions or other
structures having multiple positive charges capable of
chelating and bridging negatively charged lipids.
Cochleates made with different cations have different
structures and convert to liposomes at - different rates,
Because of those structural differences, the rate of release of
the biologically relevant molecules contained therewith var-
ies. Accordingly, by combining cochleates made with dif-

ferent cations, formulations which will reledase the biologi-

cally relevant molecule over a protracted period of time are
obtainable.

The amount of biologically relevant molecule incorpo-
rated into the cochleates can vary. Because of the advanta-
geons propetties of cochleates generally, lesser amounts of
biologically relevant molecule can be used to achieve the
same end result as compared fo using known delivery
means. :

An artisan can determine without undue experimentation
the optimal lipid:biologically relevant molecule ratio for the
targeted purposes, Various ratios are configured and the
progress of precipitation of each sample is monitored visu-
ally under a phase contrast microscope. Precipitation to
form, for example, cochlcates, is monitored readily Then,
the precipitates can be administered to the targeted host to
ascerfain the nature and tenor of the biologic response to the
administered cochleates,

It should be evident that the optimized ratio for any one

‘us¢ may range from a high ratio, for example, to minimize

the use of a rare biologically relevant molecule, to a low
ratio to obtain maximal amount of biologically relevant
molecule in the cochleates.

Cochleates can be lyophilized and stored at room tem-
perature indefinitely or can be stored in a divalent cation-
containing buifer at 40° C. for at legst six months.

The cochleate formulations also can be_prepared both
with and without fusogenic molecules, such as Sendal virus

envelope polypeptides. Peior studies with protecliposomes

Have démonatrated that cytoplasmic delivery of liposome
contents requires a fusogenic liposome bilayer. The exact
role of Sendai virus envelope polypeptides in facilitating the
immune response to polypeptide-cochleales as yet is not
clear.

1t is preferred to use cochleates without fusogenic moi-
ecules over fusogenic molecule cochleates because of a
more simple structure and sase of preparation favors even-
tual use in humans.

Because polynucleotides are hydrophilic molecules and
cochleates are hvdrophobic molecules that do not contain an
internal aqueous space, if is surprising polynucleotides can
be integrated into cochleaies. The polynucleotides are not
exposed on the surface of the cochleates because the poly-
nucleotides are resistant to nucleases.

It the case of polynucleotide cochleates, considerations
for dosage parallel the standard methodologies regarding
vaccines as known in the art. Also, methods for using
polynucleotides in liposomes and the “naked DNA” are
available to serve as a baseline for empirically determining
a suitable dosing regimen, practicing known methods.

For example, a suitable scheme for determining dosing is
as follows.

The iaitial dose of polynucleotides in cochleates admin-
istered by injection to animals is selected to be about 50 ug,
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although it is know that as little as 2 pg of tested plasmids
is effective. That dos¢ i$ proposed to maximize the prob-
ability of observing a positive response following 2 single
administration of a cochleate. Any formulations which do
not elicit a response at that dose are fto be considered
ineffective but retained for further study.

Developing formulations which can be admmzstered eas-
ily and nog-invasively is desirable. Thus, PO administration
of cochleates will be targeted and higher doses will be tried
initially {100 ug/animal and 200 ug/animal). However,
lower doses are required for parenteral routes.

Then graded doses will be used to develop a dose
response cyrve for each formulation. Thus, cochleates con-
taining 50.ug;, 10 ug, 2 ug, 0.4 and O g polirnucledtide/
anitaal will be inoculated with at least 10 animals per group.

10

15

Immune response or enzymalic activity are responses -

easily monitored when expression of the polynucleotide is

required. Alfered phenotype is another respouse for tracking

efficacy of antisense or ribozyme type molecules. In the case
of immune system monitoring, T cell proliferation, CTL and
antibody presence at specific body sites can be evaliated,
using known methods, to assess the state of specific inttmune
response:

To determine the duration of activity of cochleate
formulations, groups which have responded to a single
immunization are monitored periodically for up to a year or
more to- determine the effective life of a cochleate on
administration.

Animals which fail to develop a deteciable respotise on
first exposure can be re-inoculated (boosted) to provide
insights into the ability of the low dose formulations to
prime the imrwne system for later stithulation.

‘Pharmaceutical formulations can be of solid form includ-
ing tablets, capsules, pills, bulk or uait dose powders and
granules or of liquid form including solutions, fluid
emulsions, fluid suspcnsmns, semisolids and the like. In
addition to the active ingredient, the formulation. would
comprise suitable art-recognized diluents, carriers, fillers,
binders, emulsifiers, surfactants, watcr-solublc vehicles,
buffers, solubilizers and preservatives.

'An advantage of the cochleates is the stability of the
composition. Thus, cochleates can be administered orally or
by instillation without concern, as well as by the more
traditional routés, such as topical, subcutaneous,
intradermal, intramuscular and the like. Direct application to
mucosal surfaces is an attractive delivery means made
possible with cochleates.

The skilled artisan can determine the most efficacious and
therapeutic means for effecting trealment practicing the
instant invention. Reference can also be made to smy of
numerous authorities and references including, for example,
“Goodman & Gilman’s, The Pharmaceutical Basis for
Therapeutics”, (6th Ed., Goodman, et al., eds., Machllan
Publ. Co., New York, 1980)

- The cochleates of the instant invention can be used as a
means Lo transfect cells with an efficacy greater than using
currently known delivery mteans, such as liposomes. Hence,
the polynucleotide cochleates of the instant invention pro-
vide a superior delivery means for the various avenue of
gene therapy, Mulligan, Science 260: 926-931 (1993). As
Muliligin noted, the many possibilities of irealing disease by

gene-based methods will be enhanced by improved methods .

of gene delivery.
The cochleates of the instant invention also serve as
excellent means for delivering other biologically relevant
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molecules to & host. Such biologically relevant molecules
include nutrients; vitamins such as vitamins A, D, E or K,
co-factors, enzymes, fatty acids such as polyunsaturated
forms, minerals including divalent cations such as calcium,
magnesivm, zine, iron or bariwm, flavors and the like.
Because the biologically relevant molecule is contained
within the cochleate, in a non-agueous environment, the
biologically relevant molecule essentially is stabilized and
preserved. As described hereinabove, the biclogically rel-
evant molecule is added to the lipid solution and processed
to form a precipitated structure comprising lipid and bio-
logically relevant molecule. As demonstrated herein, hydro-
philic molecules ¢an be “cochleated”, that is, can be made
part of the cochleate structure, with little difficuity.

Also, snitable lipophilic biologically relevant molecules,
such as drugs and other therapeutic compounds, are ame-
nable to cochleation. For example, lipophilic drigs such as
cyclosporin, ivermectiti ‘and amphotericin are readily
cochleated. Other lipophilic drugs which are amenable to
incorporation into cochleates are "acyclovir, propanidid,
propofol, alphadione, echinomycine, miconazole nitrate,
teniposide, didemnin B, hexamethylmelamine, taxol,
taxotere, melphalan, adriamycin,
18-hydroxydeoxycorticosterone, rapamycine, prednisolone,
dexamethazone, cortisone, hydrocortisone, pyroxicam,
naproxen, diazepam, verapamil, nifedipine.

The instant invention now will be described by meéans of
specific examples which are not meant to limit the invention.

EXAMPLE 1

Bovine brain phosphatidylserine in chloroform was pur-
chased from Avanti Polar Lipids, Birmingham, Alabama in
glass ampules and stored under nitrogen at —20° C. Choles-
terol (porcine liver) grade I, a-D-octyl-glucopyranoside

(OCEG), fluorescein isothiocyanate (FITC)-dextran (average

mol. wt. §7,000), metrizamide grade I, and chemicals for
buffers and protein and phosphate determinations, were
obtained from Sigma Chemical Company, St. Louis, Mo.
organic solvents were purchased from Fisher Scientific Co.,
Fairlawn, N.J. Reagents for polyacrylamide gel electro-
phoresis were from BioRad Laboratories, Richmond, Calif.
S1000 Sephacryl Superfine was obtained from Pharmacia,
Piscataway, N.J. Thick walled polycarbonate centrifuge
tubes (10 ml capacity) from Beckman Instruments, Palo
Alto, Calif., were used for vesicle preparations, washes, and
gradients. A bath type sonmicator, Model G112SP1G, from
Laboratory Supplies Company, Hicksville, N.Y. was used
for sonications.

Virus was grown and purified essentially as described by
M. C. Hsu ¢t al., Virology, Vol. 95, page 476 (1979). Sendai
(parainfluenza type I) and influenza (A/PR8/34) viruses
were propagated in the allantoic sac of 10 or 11 day old
embryonatéd chicken eggs. Eggs were inoculated with
1-100 egg infectious doses (10° to 107 viral particles as
determined by HA titer) in 0.1 ml of phosphate buffered
saline (0.2 gm/L KCl, 0.2 gm/L KH,PO,, 8.0 gm/L. Na(l,
1.14 gm/L Na,H—PO,, 0.1 gm/L. CaCl,, ¢.1 gm/L
MgCl,6H,0 (pH 7.2)). Eggs were incubated at 37° C. for 48
to 72 hours, followed by incubation at 4° C. for 24 to 48
hours. Allantoic fluid was collected and clarified at 2,000
rpm for 20 minutes at 5° C. in a Damon IEC/PR-J centrifuge.
The supernatant was then centrifuged at 13,000 rpm for 60
minutes. This and all subsequent centrifugations were per-
formed in 3 Sorvall RC2-B centrifuge at 5° C. using a GG
rotor. The pellets were resuspendsd in phosphate buffered
saline (pH 7.2) by vortexing and somnicating, followed by

1,9
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centrifugatidn at 5,000 rpm for 20 mitutes. The pellet was
resuspended by vortexing and sonicating, diluting, and cen-
trifuging again at 5,000 rpm for 20 minutes, The two 5,000
rpm superatants were combined and centrifuged at 13, 000
rpen for 60 minutes. The resulting pellets were rcsuspended
in phosphate-buffered saline b! vortexing and somicating,
aliquoted, dnd stored at -70° C. Sierile  technique: and
materials were used throughout viral inocutation, 1solatmn,
and purification.

Virus stored at ~-70° C. was thawed, transfcrred to sterile -

thick-walled polycarbonate tubes and diluted with buffer A
(2 mM TES, 2 mM L-histidine, 100 mM NaCl H 7.4%).

Virus was pelieted at 30,000 rpm for 1 hour at
Beckman TY65 rotor. The supematant was removed atid the
pellet resuspcnded to-a concentfation of 2 mg viral protein
per ml of extraction buffer (EB) (2" M NaCl, 0.02 M sodium
phosphate buifer (pH 7. D)) by vortexing and sonicating. The
nonionic ‘detergent o-D-octyl-glucopyrancside was then
added to a coticentration of 2% (w/v). The suspension was
mixed, sonicated for 5 seconds and placed in a 37° C. water

bath for 45 minutes, At 15, 30 and 45 mioute incubation

times, the suspension was removed briefly for mixing and
sonication. Nucleocapsids were pelleted by centrifugation at
30,000 rpoi for 45 minutes in a2 TY6S rotor. The resulting

was removed and used int

MEmbrane g;otems Such modifications are we]} known to
those skilled in the art.

EXAMPLE 2
A, DC Coctiléates.

An amoynt of phosphaudylserme and cholesterol (9 1wt
ratio)} in extraction buffer and non-ionic detergent as
described hereinabove was mixed with a pre-selected con-
centration of polynucleptide and the solution was vortexed
for 5 mimates. The clear, colorless solution which resulted
was didlyzed at yoom temperature against three chianges
{minimum 4 hours per change) of buffer A (2 mM TES
N-Tris[hydroxymethyl]-methyl-2 aminoethane sulfonic

°C.ina’
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described. in Example 1. Prot¢in-coclileates were made

- accordiag to the “L.C cochleate” procedure described above.

10

15

Cochleate vaccines confaining the glycoproteins and lip-
ids from the envelope of influenza virus and phosphati-
dylserine and cholesterol were given to mice by gradually
dispensing 0.1 ml liquid into the mouth and allowing it to be
comfortably swallowsd. FIGS. 4(A) (from Experiment A)
and 4(B) (from Experiment B) show resulting total circu-
lating antibody levels specific for influenza glycoproteins, as

determined by ELISA. Anubody titer is defined as the

highest dilution that still gives the optlmal density of the
negative control.

In Experiment A that generated the data shown in FIG.
4(A), initial vaccine doses of 50, 25, 12.5 or 6.25 ug of

. glveoproteins {groups 1 through 4 respectively) were admin-
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acid, 2 mM L-histidine, 100 mM NaCl, pH 7.4, also iden-

tified as TES buffer) containing.3 mM CaC12 The final
dialysis routinely used is 6 mM Ca®*, although 3 mM Ca®*
is sufficient and other concentrations may be compatible

with cochleate formation. The ratio of dialyzate to bufer for

each change was a minimum. of 1:100. The resulting white
caleium-phosgholipid precipitates have been termed DC
cochleates; When examined by light ‘microscopy (x 1000,

phase contrast, oil), the suspension contains tumerous par-
ticulate structires iip to several microns in diameter, as well
as needle-like structures.

B. L.C Cochleates.

An arnount of phosphatidylserine and cholesterol (9:1 wt

ratio} in extraction buffer and non-ionic detergent as
described hereinabove was mixed with a pre-selected con-
centration of polynucleotide and the solution was vortexed
for 5 mirmutes. The solution first was dialyzed overnight
using a maximum ratic of 1:200 (vA) of dialysate to buffer
A without divalent caiions, followed by three additionmal
changes of buffer leading to the formation of small protein
lipid vesicles. The vesicles were converted to a cochleate
precipitate, either by the direct addition of Ca®* ions, or by
d:alysxs sgaiost iwo changes of buffer A containing 3 mM

K)DS, followed by one containing buffer A with 6 mM
Ca

EXAMPLE 3

- IMMUNE RESPONSES TO ORALLY
DELIVERED PROTEIN-COCHLEATE
YACCINES

To make the vaceine, influenza virus was grown, purified,
and the glycoproteins and lipids extracted and isolated as
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istered at 0 and 3 weeks. The third and fourth immunizations
(6 and 19 weeks} were at one fourth the dose used for the
initial two immunizations, Bleed 1—Bleed 6 occurred at 0, 3,
6, 9, 19, and 21 weeks. The data demonstrate that high
circulating antibody titers can be achieved by simply drink-
ing cochleate vaccines containing viral glycoproteins, The
response is boostable, increasing with repeated
administration, and is directly related to the amount of
glycoprotein in the vaccine.

Those observations were confirmed and extended in
Experiment B that generated the data shown in FIG. 4(B).
The dose range was expanded to include 100 g and 3.1 ug
initial doses. Vaccine was given at 0, 3 and 15 weeks, with
the third immunization at one fourth the dose of the initial

Bieed 1 to Bleed 6 occurred a1 0, 3, 6, 15 and 16 weeks.
Circulating influenza glycoprotein-specific responses were
detectable after a single administration for the top five doses,
and for all groups after two feedings. The data shown is for
pooled sera from each group, but all mice given the four
highest doses, and four of five mice in groups five and six,
responded to the vaccine with circulating antibody titers
ranging from 100 to 102,400. Group seven, which received
no- vaceine, had titers less than 50 for all mice at all time

_ points.

‘The antibody response is long lved. Titers 13 weeks after
the third immunization (FIG. 4(A), bleed 5) and 12 weeks
after the second immunization (FIG. 4(B), bleed 4) remained
the same or within one dilution higher or lower than seen at
3 weeks after the previous boost,

To detormine whether oral administration of the subunit
vaccine described in Example 2 could lead to protective
immunity in the respiratory tract, the mice described in
Experiment B of Example 2 were immunized with cochle-
ates at 0, 3 and 15 weeks. The immunized mice were
challenged by intranasal application of 2.5x10° particles of
influenza virus at 16 weeks. Three days after viral challenge,
mice were sacrificed, and lungs and trachea were obfained.
The entire lung or trachea was triturated and sonicated, and
aliquots were injected into embryonated chicken sggs to
allow amplification of any virus present. Afier three days at
37° C,, allantoic fluid was-obtained from individual eggs and
hemagglutination (HA) titers were performed.

Mice were also challenged with live influenza intranasally
following oral cochleate administration in Experiment A of
Example 2. Lungs were obtained three days later and
cultured to detect presence of virus.

The combined data for the two experiments is given in
Table 1. The results also are shown graphically in FIG. §.

a\bf\ .
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sure to yield a tipid film. Buffer is added and the mixture is

vortexed for several minutes. The resultant dispersion is then
dialyzed at room temperature a5 in example 2. A against
theee changes of buffer A containing 3 mM CaCl,. FUFA-
cochieates are obtained as a precipitate.

-EXAMPLE 10

Cinnamon 0Oil in Cochleates

Flavors are volatile and sensiiive fo oxidation. Controlled
_release and enhanced physical and chesiical stability is
achieved by the encapsulation of flavors into cochleates.
Incorporation of a flavor based on cinnamon oil into-the
ifitra-bilayer phospholipid region of a cochleate is achieved
as follows: phosphatidylserine and cholestero} are dissolved
in an organic solvent such as chloroform or a 1:1 metha-
nol:ichlorofprm iixitre, and an appropriate proportion of

cinnamon oil dissolved in ethanol is added. The solvent is.

then temoved under reduced pressure to yield a film. Buffer
18 added and the mixture is vortexed for several minutes. The
resultant dispersion was then dialyzed at room tempegature
as in example 2. A against three changes of buffer 1A
comtainting 3 mM CaCl,." Cinnamon oil-cochleates are
obtained as a precipitate.

LIPOPHILIC DRUG COCHLEATES
EXAMPLE 11
Acyclovir in Cochleates

Incorporation of acyclovir into the intrabilayer phospho-
lipid region of a cochleate is achieved as follows: acyclovir/
phosphatidylscrine in an appropriate drug to lpid ratio is
dissolved in an organic solvent such as chloroform or a 1:1
methanol:chloroform mixture. The solvent is then remmoved
under reduced pressure to yield a homogenous film. Buffer
is added and the mixture is vortexed for several mimites at
a temiperature above the transition temperature of the lipid.
The excess drug, if any, is separated from the liposome
containing acyclovir by repeated washing with PBS and
centrifugation, the supernatant is discarded, and the pellet
resuspended in PBS. The iiposome suspension is then dia-
lyzed at room temperature as in example 2. A against three
changes of buffer A containing 3 mM CaCl,. Acyclovir-
cochieates are obtained 4s a precipitate.

EXAMPLE 12

Hydrocortisone in Cochleates

Incorporanou of hydrocort:sone into the intra-bilayer
phospholipid region of a cochleate is achieved as follows:
hydrocortisone/phosphatidylserine in an appropriate drug to
lipid ratio are dissolved in an organic solvent such as
chloroform or a 2:1 methanol:chloroform mixture. The
salvent is then removed under reduced pressure to yield a
homogeneous film. Buffer is added and the mixture is
vortexed for several minutes at a ternperature above the
transitiod temperzture of the lipid. The excess drug, if any,
is separated from the liposorue containing hydrocortisone by
repeated washing with PBS and centrifugation, the super-
natant is discarded, and the pellet resuspended in PBS. The
. Hposome suspension is then dialyzed at room temperature as
inexample 2. A against three changes of buffer A containing
3 mM CaCl,. Hydrocorlisone-cochleates are obtained as a
precipitate.

What is claimied is:
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1. A nutrient-cochleate formulation comprising:

a) a putrient component and

b) a c¢ochleate further comprising a negatively charged

lipid component and a divalent cation component.

2. The nutrient-cochteate formulation of claim 1, wherein
said nutrient is of 4 mineral, an amino acid, a vitamin, a lipid,
a fatty acid, or a saccharide.

3, The nurient-cochleate formulauon of claim 1, wherein
the nutrient is a mineral.

4. The nutrient-cochleate formulatlon of claim 1, wherein
the mutrient is one of calcium, magnesinm, zing, barium, or
iron.

3. The nutnent-cod:tleate formulation of claim 1, wherein
the nutrieit 15 an amino acid.

6. The nutrient-cochleate formulation of claim 1, wherein
the nutrient is.a vitamin,

7. The mutrient-cochleate formulation of claim 6, wherein
the vitamin is one of vitamin A, vitamin I}, vitamin E, or
vitamin K.

8. The nutrient-cochleate formulatmn of claim 2, wherein
the nutrient is a fatty acid.

9. The nutrient-cochleate formulation of claim 1, wherein
the nutrient is one of a saturated or a polyunsaturated fatty
acid.

10. The nutrient-cochleate formulation of claim 1,
wherein the nutrient is a saccharide,

11. The nutrient-cochleate formulation of claim 1,
wherein the nufrient is a lipid.

12. The nutrient-cochleate formulation of claim 1,
wherein the mitrient is a steroid.

13. A method of delivering & nutrient to a cell in a host
comprising administering to said host a biologically effec-
tive amount of cochleatc fonmulation comprising:

4) a nutrient component and

b} a cochleate further comprising a negatively charged

lipid component and a divalent cation component.

14, The method of claim 13, wherein the nutrient is one
member selected from the group consisting of a mineral, an
amino acid, a vitamin, a kpid, a fatty acid, and a saccharide.

18, The method of claim 13, wherein the nutrient is a

“mineral,

16. The method of c1a1m 13, wherein the nutrient is one

. of calcium, magnesium, zine, barium, or iron.

45

50

17. The method of claim 13, wherein the nuirient is an
amino acid.

18. The method of claim 13, wherein the nutrient is a
vitamin.

19. The method of claim 13, wherein the nutrient is one
of vitamin ‘A, vitamin I2, vitamin E, or vitamin K.

20. The method of claim 13, Wherem the mutrient is a faity
acid.

21. The method of claim 13, wherein the nutrient is a
polyunsatrated fatty acid.

22, The method of claim 13, wherein the nutrient is a
saccharide. '

23, The method of claim 13, wherein the nutrient is a
Lipid.

24, The method of claim 13, wherein the nuirient is a
steroid.

25. A cochleate formulation comprising:

a) & scluble protein or soluble polypeptide and

b) a cochleate further comprising a negatively charged

lipid component and a divalent cation component.

26. The cochleate formulation of claim 25, wherein said
polypepiide is a toxin.

27. The cochleate formulation of claim 25, wherein said
polypeptide is a conjugated protein.
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28 Thc cochleate formulation of claim 25 wherem said
protein is a hormone.

29, A method of delivering & soluble protem ot sgluble
polypeptidé to a cell in a host comprising administering to
said host a biologically effecuve amount of a cochle.ate
formulatioti comprising:

a) a soleble protein or soluble polypeptldc and

b) a ¢ochleate further comprising a negatively charged

lipid and a divalent cation component.

30, The method of claim 29, wherein the polypeptide is
one of a toxin, a conjugated protein or & hormote.

31. A lipophilie drug-cochleate formulatmn comprising:

a) a lipophilic drug and
b} a cochleate further comprising a negatlvely charged
tpid component and a divalent cation comporent.

32. The lipophilic drug-cochleate formulstion of claim 31, '

wherein the drug is one of an anti-viral, an anesthetic, an
anti-infectious, an anti-fungal, an anti-capcer, an
immunoguppressant, a steroidal anti-inflammatory, a- fon-
stercidal anti-inflammatory, a tranquilizer, a vasodilatory
agent, a steroid, 2 microbicide or a metabolic poison.

'33. The l.lpophlhc drug-cochleate formulation of claim 31,
wheteiti the drug is one of acyelovir, propamdld propofol,
alphadione, echinomycine, miconazole nitrate, teniposide,
vitamin B, hexamethylmelamine, taxol, taxotere, melphalan,
adriamyein, cyclosporme : A,
18-hydroxydeoxycorticosterone, rapamycine, prcdmsolonc,
dexamethazone, cortisone, hydrocortisone, pyroxu:am,
naproxen, diazepam, verapamil, or nifedipine.

34. A method of delivering a lipophilic drug to a cellin a
host comprising administering to said host a biologically
efféctive amount of a cochleate formulation comprising:

a) a lipophilic drug component and

b) a cochleate further comprising a neganvcly charged

- lipid component and a divalent cation coniponent.

35. The method of claim 34, wherein the lipid soluble
drug is one of an anti-viral, an anesthetic, an anti-infectious,
an anti-fungal, an anti-cancer, an immunosuppressant, a
steroidal apti-infiammatory, a non-steroidal anti:
inflammatory, a tranquilizer, a vasodﬂatory agenl, a steroid,

“a microbicide or a metabolic poison.

36, The method of claim 34, wherein the drug is one of
acycloviz, propanidid, propofol, alphadione, echinomycine,
miconazole nitrate, teniposide, vitamin B,
hexamethylmelamlne, taxel, taxotere, melphalan
adriamyecin, cyclosporme A,
18-hydmxydeoxycorucostcrom, rapamycing, predmsolone,
dexamethazone, cortisone, hydrocortisone, pymxwam,
naproxen, diazepam, vérapamil, or mfed1p1ne

3T A p}g,lcnt-cochleate formulation compnsmg

a) & pigment and

b) a cochleate further comprising a ncga‘tlvely chargcd

lipid component and a divalent cation component.

38. A method of delivering a pigment to a cell in a host
comprising administering to said host a biologically effec-
tive amount of a cochleate formulation comprising:

a) a pigment and

b) a cochleate further comprising a negatively chargced

lpid component and a divalent cation component.

39, A metal-cochleate formulation comprising:

8) & metal and

b} a cochleate further comprising a negauvcly charged
lipid ‘component and a divalent cation component.
~ 40. The metal-cochleate formulation of claim 39, wherein
the metal is ope of Fe*?, Zn*?, Cu*?, or Mg*™.

10

18

20

25

30

35

40

45

50

55

60

65

20

"41. A method of delivering a metal to a cell in a host
comprising administering to said host a biologically effec-
tive amount of a cochleate formulation comprising:

"a) a.metal and

‘b) a cothleate further comprising a negatively charged

lipid compongnt and a divalent cation component.
~42. The method of claim 41, wherein the metal is one of
FC+2, Zn+2 CU.+2 or Mg+2

43. A compound with a multi-ring structure-cochleate
formulation comprising: '

a) a compound with a multi-ring structure and

b) a cochleate further comprising a negatively charged

lipid component and a divalent cation component.

44. A method of administering a oompouud with a multi-
ring structure to a cell in a host comprising -administering to
said host a biologically effective amount of a cochleate
formulation comprising;

a) & compound with a multi-ring structure and

B) 2 cochleate further comprising a negatively charged

lipid' component and a divalent cation component.

48, A saccharide-cochleate formulation comprising:

'a} a saccharide and

b) a cochleate further comprising a negatively charged

lipid component and a divalent cation component.

46. The saccharide-cochleate formulation of claim 45,

_wherein the saccharide is starch.

47. A method of administering a saccharide to acellin &
host comprising administering to said bost a b1010g1ca11y
effective amount of a cochleate formulation comprising:

a) a saccharide and .

b} a cochleate further comprising a negatively charged

lipid component and a divalent cation component.

48. The method of claim 47, wherein the saccharide is
starch.

49, An enzyme-cochleate formulation comprising:

a) an enzyme and

b) a cochleate further comprising a negatively charged

lipid component and a divalent cation component.

50. A method of administering an enzyme to 2 cell in a
host comprising administering a biologically effective
amount of a cochleate formulation comprising: -

-a) a enzyme and

b) a cochleate further comprising a negatively charged

lipid component and & divalent cation component.

_81. A co-factor-cochleate formulation comprising:

a) a co-factor and

b) a cochleate further comprising a negatively charged

lipid component and 2 divalent cation component.

5§2. A method of administering a co-factor to a host
comprising administering to said host a biologically effec-
tive amount of a cochleate formulation comprising;

a) a co-factor and

b) a cochleate further comprising a negatively charged

lipid component and a divalent cation component.

53. An adjuvant-cochleate formulatmn comprising:

a) an adjuvant and

b) a cochleate further comprising a negatively charged

lipid component and a divalent cation component.

54. A method of administering an adjuvant to a host
comprising administering to said host a biologically effec-
tive amount of a cochleate formulation comprising:

a) en adjuvant and

b) a cochleate further comprising a negatively chargeed

lipid component and a divalent cation component,
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55. A method of delivering a biologically relevant mol-
ecule to a cell comprising contacting said cell with a
cochleate formulation comprising:

a} at least one biologically relevant molecule component

and

b} a cochleate furthér comprising a negatively charged

lipid component and a divalent cation component.

56. A method of delivering a biclogically relevant mol-
ecule to a host comprising topically applying to said host a
biologically effective amount of a cochleate formuiation
comprising:

a) at least one biologically relevant molecule component

gnd '

22

b) a cochleate further comprising z negatively charged
lipid cemponent and a divalent cation component.

57. A flavor-cochleate formulation comprising:

a) at least cne flavor, and

5 b) a cochleate further comprising 2t least one negatively

charged lipid component, and at least one divalent
cation component.

38. The flavor-cochleate formulation of ¢laim 57, wherein

the flavor is one member selected from the group consisting -

1o ©of cssential oils and extracts. _
59_The flavor-cochleate formulation of ¢laim 58, wherein
the essential oil is cinnamon oil.

* L] ] * *
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Como resuitado del examen de fondo, realizado con: fundamento en el articulo 45 de
la Decision 486 de la Comas;én de la Comunidad Andina, se le comunica:

'1. Documentos e"studiac_los

1.1. - Descripcién: - Folios: 75 a 103 como se radict inicialmente.

}

1.2..  Reivindicaciones: = Folios: 104 a 110 como se radicd inicialmente.

1.3. ~ Figuras: _Fotioé.i 112 a 140 como se radicé inicialmente.
14. Prioridad:  27/11/200, Cuba, CU2002-0292.

2. Objeto de la invencion

Titulo de la solicitud: “Metodo de obtencidén de estructuras cocleares,
‘composiciones vacunales y adyuvantes basados en estructuras cocleares y
sus mtermedlarlos”

Ei objeto dela presen-tek solicitud de patente de invencién consiste en la obtencién de
estructuras cocleares a partir de vesiculas ' de membrana externa de
‘microorganismos con el fin de emplearlas como adyuvantes o vacunas en si.

Reivindicaciones 1- 14, 23-35, 46-47: Composicion vacunal caracterizada porque
comprende estructuras cocleares proteolipidicas obtenidas a partir de vesiculas de
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. _ 486
memibrana externa de organismos vivos y opcionalmente uno 0 més antigenos, asi
gomo un excipiente adecuado.

* Reivindicaciones 15- 24, 3644, 48-49: Adyuvante caracterizado porque comprende
estructuras cocleares proteolipidicas obtenldas a part[r de vesiculas de membrana
extema de crgamsmos vwos

 Reivindicacién 45: Método_ para la obtencién de estructuras cocleares a partir de
vesiculas de membrana externa de organismos vivos caracterizado porque
comprende los 5 pasos. :

El problema planteado en ‘esta soficitud es Ia necesidad permanente de vacunas
multiantigénicas eficientes y adyuvantes funcionales para las mismas.

- Para solucionar este problema técnico la solicitud en estudio proporciona una
estructura coclear a partir de vesiculas de membrana externa de organismos vivos,

que presenta proptedades vacunales y adyuvantes debido a su estructura lipidica'y
proteica. . _

El abjeto de la solicitud -deﬁnida anté‘riorm-énte se clasificé en la IPC A61K 9/127.

3. De la solicitud de Patente (segln el caso)

3.1.  Reivindicaciones (articulo 30 D 486)

" El capitulo reivindicatorio presentado-carece de concision y claridad por cuanto:

1) Se reclama materia mas amplia que la divuigada en la descnpclon con los
ejemplos presentados no puede sustentarse una generalidad como la
pretendida y mucho menos se pueden extrapolar los datos presentados a
cualguier composicién antigénica que contenga una estructura coclear o una
vesicula proveniente de una membrana biolégica, que por demas es un
concepto conocido;

< 2) Se reclama una composicién y un adyuvante caracterizados por el mismo
elemento técnico, no por denominarlos de manera diferente y reclamarlos
mdependmntemente se logran dos objetos diferentes (clausulas , 15,25y 35
: y las dependientes de cada una);

7 3) Las composiciones y adyuvantes reclamados se definen segun el origen de su
componente esencial, lo que no se considera como una caracteristica propia
- de las mismas; las.composiciones deben definirse (nicamente segin sus

.. componentes Y su proporcion en jas mismas (clausulas 1-49);
7 4) Se caracterizan las composicicnes 'y adyuvantes por su forma de
“administracion, lo que tampoco se considera como una caracteristica propia

de las mismas (clausulas 46-49),

De esta manera, el capitulo reivindicatorio presentado ne cumple con los requisitos
~ establecidos en el art. 30 de la Decision 486. ' .

‘4. Determinaci6n del Estado de la Técnica
La fecha que se ha tenido en cuenta para determinar el Estado de la Técnica es:

Fecha de presentacion de la solicitud prioritaria - 27/11/2002.
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Tenieddo en cuenta la fecha indicada se realizd la blsqueda en el estado de la
técnica de documentos relacionados con la sohc:tud encontrandose los siguientes
documentos mas relevantes _

NE . T ] Fechade
_.N° ~ Documento | Titulo  publicacién
Di|  Ussg94318 | “Cochleate delivery vehicles” 30/11/1999

5. Andlisis de pat‘entabiﬁdad‘ .(segj'ﬁn' requisito). (articulo 14 D486)
5.1. Novedad (articulo 16 D486)

La solicitud en estudio reclama una composicién vacunal caracterizada porque
comprende. estructuras cocleares proteolipidicas obtenidas a partir de vesiculas de-
 membrana externa de organismos vivos y opcionalmente uno o mas antigenos, asi
como un excipiente adecuado {cldusula 1). Igualmente se reclama un adyuvante
_.caracterizado porque comprende estructuras cocleares proteolipidicas obtenidas a
- partir de vesiculas de membrana externa de organismos vives (clausula 15).
‘Adémas una composicion vacunal caracterizada porque comprende vesiculas de
membrana externa obtenidas a partir de organismos vivos y opcionalmente unc o
mas antigenos, asi como un excipiente adecuado (clausula 25); y un adyuvante
caracterizado porque comprende vesiculas de membrana externa obtenidas a partir
de erganismos vivos (clausula 35).

Por {lltimo se reivindica un método para la obtencion de estructuras cocleares a partir
- de vesiculas de membrana externa de organismos vivos caracterizado porque
comprende los pasos.de: a) preparacién a partir de las vesiculas de membrana
externa naturales, de una solucion de proteinas totales entre 3y 6 mg/mL, a la que.
se le aflade un detergente no iénico hasta alcanzar una relacion de 10 veces la
concentracion de proteinas; b) de desear incorporar otros antigenos de interés o
patrones moleculares asociados a patogenos estos se afiaden a la solucién
preparada en a} homogenizando la misma a razén de 0,2-2,7 ug por cada 3-9 ug de
proteina para los antigenos y de 1 a 30% la concentracion proteica para los
patrones; c) posteriormente, la solucién de los pasos a) 6 b) se filtra-a través de una
membrana con tamafio de poro de 0.2 ym para esterilizarla y eliminar los agregados
de vesiculas de membrana externa no disueltos; d) posteriormente, se realiza una
dialisis rotacional o fi ltracion tangencial contra una solucmn que contiene
concentraciones de un ion multivalente, particularmente, Ca®, Zn‘o Mg entre 2,5y
6,5 mM en condiciones tamponadas de pH 7,4 0,2; e) flnalmente ‘a las estructuras
cocleares obtenidas se les realiza un tratamiento mecanico, particularmente,
sonicacion en bafic de agua temperada a una temperatura entre 15°C y 25°C
durante 45 min., para homogenelzar el tamafio de las particulas.

Comparando la |nformamon antenor con el documento US5994318 (D1) es evidente
que la materia contenida es igual, ya que este documento divulga composiciones de
vacuna que contienen estructuras cocleares obtenidas a partir de membranas
~ biologicas y otros antigenos, acompaiiados de excipientes (ver p.e. Columna 5:
lineas 60-65;, Ejempio 1, 3, 11) o éstas como adyuvantes de todo tipo de
preparaciones (ver Reivindicaciones). Iguaimente, D1 divulga composiciones que
contienen vesiculas de membrana externa obtenidas a partir de organismos vivos y
éstas como adyuvantes para todo tipo de moléculas btologtcas (verp e. Columna 5.
- lineas 60-65y Columna 7. lineas 20-35).

D1 tambien ensefia el método de obtencién de Ias mismas a partir de una solucu:')n







de protefnas totales, adicién de otros antigenos, homogenizacioén, filtracion, dialisis
con iones multivalentes y finalmente sonicacion dentro de los mismos rangos
propuestos por la solicitud en estudio y las mismas condiciones de realizacion (ver
p.e. Columna 7: lineas 20-65; Columna 8. .8-20; Ejemplo 1).

En consecuencia ya existia en el estado de la técnica una composicién y/o
adyuvante y el método de abtencion de la misma con todos los elementos técnicos
esenciales reclamados por la solicitud en estudio; es decir que, que una composicion
y/o adyuvante compuesto por estructuras cocleares o vesicuias derivadas de
membranas bioldgicas y el método de obtencién de lo mismo eran previamente
conocidos y por o tanto no puede concebirse como un concepto hovedoso.

De acuerdo con lo anterior la composicién y/o adyuvante reclamado y su método de
obtencion no pueden ser considerados como nuevos y por lo tanto no cumplen con
el requisito de novedad estabiecido en el articulo 16 de la Decision 486.

6. Conclus-ién:

Los requisitos de p'a'tentabifidadlde la presente solicitud se encuentran afectados asi;

Reivindicaciones E

N® Documenfo N° afectadas _. | Requisito que afecta
D1 US5994318 140 ____Novedad

En cumplimiento del articulo 45 de la Decisiéon 486 de la Comision de la Comunidad
Andina, se ie indica que debe dar respuesta dentro del término de 60 dias contados
a partir de la fecha de notificacion de fa presente comunicacién. En caso de no dar
respuesta al presante requerimiento, o si a pesar de la respuesta subsistieran los
impedimentos para la concesidn, se denegara la patente. :

Notifiquese el presente oficio Cc)p mealo dispyesto en el numeral 5.2, literal e), del
capitulo guinto del titulo primgyé de/la Circular Unica N° 10 de 2001.
f N g .

ALIX CARMENZA ¢/¥SPEDES DE VERGEL
Jefe de Divisiondg' Nuevas Creaciones

El anterior requerimiento fue notificado por fijacién en lista, de fecha

AR 2008
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