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both are encapsulated in liposomes, are described. The vaccines stimulate a strong humoral and CTL response. Also described are methods
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LIPOSOMAL INFLUENZA VACCINE COMPOSITION AND METHOD

Field of the Invention
The present invention relates to subunit influenza vaccine compositions in which an antigen

and a cytokine immunopotentiator are encapsulated in liposomes, and to methods of immuniza-

tion using such compositions.
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Background of the Invention

The highly contagious influenza virus is the major contributor to acute respiratory
infections.  Conventional influenza vaccines contain inactivated microorganisms or
live-attenuated microorganisms. Disadvantages of such vaccine preparations include difficulty
in large-scale production, safety considerations in handling and production, and the risks

involved in immunizing elderly or immunodeficient individuals with live-attenuated vaccines.
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Subunit vaceines, which utilize isolated componenrs of a virus particle, have been davel.
aped as a safer alternative to conventional vaccines (Arnom). The camponents are typically
recombinant proteins or synthetic shor peptides. Influenzs subumit vaccines, containing the
surface proteins HA (hasmagglutinin) and NA (neuraminidase), have proven to be less toxic
than inactivared whole virus but of inferior protective capacity and immunogeniciry (Engefhard,
Potrer). In particular, subunit vaccines have been ineffective in eliciting a CTL (cytotoxic T-
lympbacyte) response (Amon). The CTL respanse stimmulates the praduction of T-lymphoceytas,
which attack cells perceived as aboormal, including virus-infected cells. Soluble subumit
vaccines generally elicit only the humoral immune response, which stmulates B-lymphacyres
to produce anribédies. Such a response is effective in arracking bacteria 2nd viruses in the
exmacelfular media, bus not in the elimination of imtracellular bacteria, parasites and virus.
infected cells.

It is therefore desirable to provide an tmproved subunit influenza vaccine, which can elicic
a swong twmoral and CTL immune response withowr adverse side effects. In addition to
producing an immediare fmmmine response, an ideal vaccine should also provide 2 Iong-hvcd
protective effect withour the eed for frequent booster doses.

Summary of the fnventiog
The invention provides, in ome aspect, a liposamal vaccine camposition for use in
imoumizing 2 mammalian subject against influenza virus. The vaccine is composedofa

suspeasion of hposoma which encapsulate an influenza subunit z.ungcn, and a_:lgm @e

munusnnnﬂm,, cytokine. Thcamgcnseffwuvemsmmnm an immune nspomemthe

'suhject,andthccymkmcnrcymhmsareeﬂ‘mvemmhancczhemunempome

Preferably, the vaceine is effective to produce 100% seroconversion in such & subject for up
to six mopths, and more prefersbly for up o nine months or more, after administration.

In ore embodiment, the antigen and the cytokine or cywokines are cosncapsulared in the
same liposomes in the compasition, Alematively, they may be encapsulated in different
liposomes in the composition. '

The influenza subunit antigen contains the HA (haemaggluini) and NA (aeursminidase)
viral surface proteins of an influenza virus, or antigenic mtutints of these proteins. The
cytakine is preferably selected from the group consisting of [L-1, IL.-2, [L4, IL6, [L-7, IL-12,
[L-15, IFN-y, aod GM-CSF. Preferred cytokines are imterlenkin2 (IL-2), gramlacyte
macrophage colony stimularing factar (GM-CSF), or a combination of the two.

In one embodiment of the liposamal composition, the liposomes include at least 70 mole
percent dimyristayl phosphatidyleholine (DMPC). A composition used for intraperitoneal,
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subcutaneous or intramuscular administration preferably contains liposomes
in the form of large multilamellar vesicles (MLV's) having a mean diameter of
approximately 0.25u to 5.0p. For use in intravenous, intranasal, or
intramuscular administration, the liposomes are preferably small unilamellar
vesicles (SUV's) having a mean diameter of approximately 30 to 80 nm. The
SUV's may contain 1-25 mole percent of a lipid having a polar head group,
typically a phosphate containing head group, derivatized with a polyethylene
glycol (PEG) chain which has a molecular welght of between 750 and 10,000
daltons.

Also provided is a liposomal vaccine composition containing an
influenza subunit antigen and at least one immunostimulating cyfokine as
provided above, where both of these components are encapsulated within a
liposomal suspension, and where the resulting composition is effective to -
produce 100% seroconversion in a mammalian subject for up to six months,
and preferably for up to nine months or more, after administration. A
particularly preferred composition of this type produces an anti-H antibody
titer of at least 200, as measured by haemagglutination- inhibition (HI) assay,

-up to six menths after administration.

In another aspect, the invention provides a method of preventing
infection of a mammalian subject by influenza virus, comprisirig  ~
administering to the subject an effective amount of a liposomal vaccine ..
composition. The composition contains a suspension of liposomes,.which =~
encapsulate an influenza subunit antigen and at least one immunostimulating
cytokine, as described above. For use in a method of immunization via’
intravenous, intranasal or intramuscular administration, the liposomes are
preferably small unilamellar vesicles (SUV's) having a mean diameter of
approximately 30 to 80 nm. The SUV's may contain 1-25 mole percent of.a
lipid having a polar head group, typically a phosphate containing head group,
derivatized with a PEG chain which has a molecular weight of between 750
and 10,000 daltons. : '

In a related embodiment of the method, there is administered an
effective amount of a liposomal vaccine composition containing an influenza
subunit antigen and at least one immunostimulating cytokine as provided
above, where both of these components are encapsulated within a liposomal
suspension, and where the resulting composition is effective to produce



- .o
« se e
.
« e e
« e w
*o sees

10

3A

100% seroconversion in a mammalian subject up to six months after

administration,

Brief Description of the Drawings

Figure 1A shows levels of total serum antibodies measured by ELISA
40 days after i.p. immunization of BALB/c mice 0.5pg free H3N2 ("H/N")
antigen, AL-H/N (H/N antigen with Alum adjuvant), and Lip-H/N (H/N
antigen delivered in DMPC liposomes), each alone or in conjunction with
45000 CU of free IL-2, GM-CSF, or combination of IL-2 and GM-CSF;

Figure 1B shows levels of anti-H antibodies as measured by HI
(haemagglutination-inhibition) assay and anti-NA antibodies as measured by

enzyme neutralization, 40 days after
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i.p. immunization of BALB/c mice with 0.5 ug free H/N or Lip-H/N (H/N antigen delivered
in DMPC liposomes), each alone or in conjunction with 45000 CU GM-CSF, as in Figure 1A;

Figures 2A-2C show levels of anti-H antibodies measured 14 days, 45 days, and 167 days
after i.p. immunization of BALB/c mice with 0.5 pg free H/N or AL-H/N (H/N antigen with
Alum adjuvant), the latter alone or in conjunction with three dosages of free IL-2 or Lip-IL-2
(IL-2 encapsulated in liposomes);

Figures 3A-3C show levels of total serum antibodies measured by ELISA 14 days, 45 days
and 167 days after i.p. immunization of BALB/c mice with the compositions described for
Figs. 2A-2C;

Figures 4A-4D show levels of anti-H antibodies measured 14 days, 45 days, 173 days and
276 days (9 months) after i.p. immunization of BALB/c mice with 0.5 pg free H/N or AL-
H/N, the latter alone or in conjunction with three dosages of free GM-CSF or Lip-GM-CSF
{GM-CSF encapsulated in liposomes);

Figures 5A-5D show levels of total serum antibodies measured 14 days, 45 days, 173 days
and 276 days (9 months) after i.p. immunization of BALB/c mice with 0.5 pg free H/N or AL-
H/N, the latter alone or in conjunction with three dosages of free GM-CSF or Lip-GM-CSF;

Figure 6 shows levels of anti-H serum antibodies measured 11, 40, 70, 150, 270 and 360
days afier i.p. immunization of BALB/c mice with 0.5 ug free H/N, AL-H/N, and Lip-H/N,
the last alone or in combination with 45000 C.U. IL-2, Lip-IL-2, GM-CSF, ot Lip-GM-CSF;

Figures 7A, 7B, and 7C show levels of specific antibody subtypes IgG1, 1gG2a, and IgG3,
Tespectively, measured by ELISA 70 days atter i.p immunization of BALB/c mice with the
compositions described for Fig. 6,

Figure 8 shows total antibody levels as measured by ELISA after i.p. injection of BALB/c
mice with 0.15 ug free and liposomal H/N, with and without free and liposomal IL-2; and

Figure 9 shows long term protection in BALB/c mice when administered live influenza
virus intranasally 14 months after immunization, i.p. or s.c., with the compositions described
for Fig. 6.

Detailed Description of the Invention

1. Definitions
The terms below have the following meanings uniess indicated otherwise.
"Vesicle-forming lipids" refers to amphipathic lipids which have hydrophobic and polar
head group moieties, and which (a) can form spontaneously into bilayer vesicles in water, as
exemplified by phospholipids, or (b) are stably incorporated into lipid bilayers, with the
hydrophobic moiety in contact with the interior, hydrophobic region of the bilayer membrane,

and the polar head group moiety oriented toward the exterior, polar surface of the membrane.
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The vesicle-forming lipids of this type typically include one or two
hydrophobic acyl hydrocarbon chains or a steroid group and may contain a
chemically reactive group, such as an amine, acid, ester, aldehyde or alcohol,
at the polar head group. Included in this class are the phospholipids, such as
phosphatidyl choline (PC), phosphatidyl ethanolamine (PE), phosphatidic
acid (PA), phosphatidyl inositol (PI), and sphingomyelin (SM), where the two
hydrocarbon chains are typically between about 14-22 carbon atoms in
length, and have varying degrees of unsaturation. Other vesicle-forming
lipids include glycolipids, such as cerebrosides and gangliosides, and sterols,
such as cholesterol.

A "mutant’ of an influenza virus, or of the viral surface proteins HA
and/or NA, is an altered virus, or surface protein thereof, resulting from a
heritable change, not induced through the incorporation of foreign DNA, in
the genome of the virus. Such a change (mutation) results in a new strain
that may elude protective immunity directed toward earlier strains.

A "Cetus unit" {CU) is equal to six International Units (IU) of
Immunological Activity, the international reference standard of a biological -
preparation of interleukin-2 (IL-2}. The term "unit' used herein in reference
to cytokine levels refers to Cetus units.

“Seroconversion" refers to the demonstration of specific antibody
production in the serum of an individual who has been previously negative -
for that antibody. In the haemagglutination-inhibition (HI) assay (Shapita-
Nahor) used herein for measuring specific anti-H antibodies, a titer of 40 or
above, that is, where inhibition is seen at serum dilutions of 40X or gieater, is
considered evidence of seroconversion. e

"Separately encapsulated”, with reference to liposome-encapsulated =
agents, such as an antigen and a cytokine, indicates that a given vesicle or -
population of vesicles contains only one of such agents. "Co-encapsulated™
indicates that a given vesicle or population of vesicles preferably contains a
combination, or all, of such agents. ' ’

II.  Liposomal Influenza Vaccine Compositions

The present invention is directed to influenza vaccines containing a
subunit antigen and one or more immunostimulating cytokines. The
cytokines are effective to enhance the immune response evoked by the
antigen, specifically by énhancing antigen-presenting cell (APC) as well as B -
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and T - cell reactivity. Both of the antigen and the cytokine, are encapsulated
in liposomes. Liposomes improve antigen delivery and processing, and
provide sustained release of the cytokines at the site of administration. The
components may be co-encapsulated, or separately-encapsulated, as defined
above. Separately encapsulated compositions are generally preferred for the
sake of convenience, and preliminary results indicate that their effectiveness
is equal or superior to co-encapsulated vaccines.
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* Many stzains of influenza virus are known, and antigenic drift (mutation) is common. The
influenza virus particle is surrounded by a bilayer lipid envelope in which two virally coded
glycoproteins, hemagghrinin (HA) and neuraminidase (NA), are embedded. A protein matrix
(M) lies beneath, surrounding eight single swanded RNA molecules, nucleopratein (NP) and
3 polymerases (P1-P3). Three viral types (A, B and C) are known accarding to antigenic diffe-
rences in the NP and M proteins. The A viruses are further subdivided inta subtypes based
on variations in HA and NA. Common subtypes include those designated H1N1, H2N2, and
H3N2, Frequent influenza outbreaks are due primarily to the considerable antigenic variation
of the surface HA and NA glycoproteins, resulting in renewed susceptibility to infection. New
subtypes could arise from poinr mutations (drift) in both A and B types, leading to minoc
antigenic changes occurring sequentially with time in HA and NA (Both). Antibodies produced
in the humoral response to influenza subunit vaccines are highly strain specific and thus lose
their protective effect when exposed to different or frequently mutating strains.

The composition and method of the invention are applicable to any of the various strains
of influenza virus described above, i.e., the A, B, or C strains, subtypes within these strains,
and mutants thereof. Inclﬁded in the possible subunit anrigens, for example, are all combina-
tions of the two subunit proteins (ha.enugglutinin/neuraminidase. or H/N) such as HIN1,
H2N2, and H3N2, and mutants thersof,

Cyvokines usefu! for enhancing irumune responses include -1, IL-2, ILA4, IL-6, IL-7,
1112, IL-15, IFN—y, and GM-CSF. Preferred cytokines for the present invention are GM-CSF
(granulocyte macrophage colony stimulating factor), which acts as a growth and maturation
factor for macrophapes and dendritic cells (antigen presenting cclls, or APC), and IL-2
(interleukin 2), which acts s 2 growth and maturation factor for T-lymphocytes.

A. Lipid Components

Various vesicle-forming lipids, as defined above, have been used for forming liposomal
compositions, according to methods well known. in the art. Preferred lipids for the current
invention allow long-term storage of the liposome-entrapped antigen and cytokines and effective
release of these components upon administration, Representative lipids include, but are not
limited to, dimyristoyl phosphatidylcholine (DMPC), dimyristoyl phosphatidylglycerol
(DMPG), cholesterol, egz phosphatidylcholine (egg PC), phosphaddyl ethanolamine (PE),
phosphatidyl inositol (PT), 1.2-distearoyl-3-trimethylammonium propene (DSTAP), 1,2
dimyristoyl-3-trimethylammonium propane (DMTAP), and combinations thereof, such as
DMPC/cholesterol, DMPC/DMPG, DMPC/DSTAP, end DMPG/DMTAP, Preferred composi-
tiops contain 10-100 mole percent DMPC. Particularly preferred compositions include 9:1
(mol/mol) DMPC/DMPG and 100% DMPC.
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The liposomes may be large multifamellar vesicles (MLY), as described below, having a
mean diameter of approximately 0.25u to 5.0u. Alternatively, they may be small unilamellar
vesicles (SUV) having a mean diameter of approximately 30-2C nm. In the latter case, the
vesicle-forming lipids making up the liposomes may consain 1-25 male percent of a lipid having
a polar head group, typically a phosphate containing group, derivatized with a polyethylege
glycol (PEG) chain which has a molecular weight of between 750 and 10,000 daltons,

The preparation of such lipids is described ine.g. Woodle. The PEG chain may be linked
directly to the phosphatidic acid head group of a phospholipid. Various other linkages are
possible; for example, lipids containing a phesphatidyl ethanolamine (PE) or other amino head
group may be conveniently coupled to activated PEG chains via reaction with brominated PEG.
Woodle describes other methods of ccuplingl a lipid amine (specifically PE) with PEG,
including activation of hydroxy-terminated PEG with a carbony! diimidazole coupling reagent,
follawed by reaction with the lipid amine to form a carbamate linkage. PEG end-capped with
a carboxy! group may be reacted with a lipid amine to form an amide linkage (Sears).

Liposomes prepared from such lipids are Jmown to have long circulating times in vive
(Woodle), Because such liposomes are not rapidiy taken up by the RES, they may be used
effectively for delivery of the vaccine components (antigen and cytokine) to dendritic cells, thus
enhancing the CTL immune response, as discussed above,

B. Preparation of Liposomes and Liposomal Compositions

The following sections describe methods of preparing liposomal suspensions in accordance
with the jnvention, and methods of incorporating additional components into the liposomes.

Liposomes may be prepared by a variety of techniques, such ag those detailed in Szoka e

. al. To forn muldiamellar vesicles (MLV’s), a mixture of vesicle-forming lipids dissolved in

a suitable solvent is evaporated in 2 vessel to form a thin film, which is then hydrated by an
aqueous medium to form MLV’s, typically with sizes between about 0.1 to 10 microns. Tert-
buranol is a preferred solvent for the process, and MLV’s prepared using this solvent are
termed TB-MLV’s. The MLV's may then be downsized to a desired size range of 1.0 microns
or less by extruding aquéous suspension through a polycarbonate membrane baving a sefected
uniform pore size, typically 0.05 to 1.0 microns. A

Preparations of MLV’s or REV's (described below) may be rreated, e.g. by extrusion,
sonication or homogenization, to produce smail unilamellar vesicles (8UV’s), which are charac-
terized by sizes in the 0.03-0.08 micron range. Alternatively, SUV’s may be formed direetly
by homogenization of an aqueous dispersion of lipids.

Various methods are available for encapsularing other agents in liposomes, For example,
in the revarse phase evaporation method (Szoka, U.S. Patent No. 4,235,871} a nonaqueous
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solution of vesicle-forming lipids is dispersed with a smaller volume of an aqueous medium to
form a water-in-oil emulsion. The agent to be incorporated is included either in the lipid
solution, in the case of a lipophilic agent, or in the aqueous medium, in the case of a water-
soluble agent. After removal of the lipid solvent, the resulting gel is converted to liposomes.
These reverse phase evaporation vesicles (REVs) have typical average sizes between about 2-4
microns and are predominantly oligolamellar, that is, containing one or a few lipid bilayer
shells. The REVs may be sized by extrusion, if desired, to give oligolameliar vesicles having
a maximum selected size between about 0.05 to 1.5 microns.

Other methods for adding additional components to liposomal compositions are illustrated
in the Examples below. In Example 1, an aqueous liposome dispersion is colyophilized with
other components and the resulting solid redispersed to form MLV, Example 2 illustrates
a method (Adler) in which an agueous solution of the agent to be encapsulated is added to a
t-butanol solution of lipids. The mixture is sonicated and lyophilized, and the resulting powder
is rehydrated, )

Liposome compositions containing an entrapped agent may be treated after final sizing, if
necessary, to remove free (non-entrapped) agent. Conventional separation techniques, such as
centrifugation, diafiltration, and molecular-sieve chromatography are suitable for this purpose.
The composition may also be sterilized by filtration through a conventional 0.45 micron depth
filter.

To form the composition-s of the current invention, the concentration of antigen and/or
cytokine in the liposomes is preferably effective 1o give a protein/lipid molar ratio between
about 1:100 and 1:1000.

C. Encapsulation Efficiency and Storage Stability of the Liposomal Compositions

For compbsitions prepared as described in Examples 1-4, the efficiency of encapsulation
was 95%, 92% and 40% for the antigen, IL-2 and GM-CSF, respectively (see Example 6).
Upon storage at 4°C, the liposome: carrier was fully stable at | year, and the entrapped agents
retained 75-95% of their initial activity for at least.3-6 months, with IL-2 liposomes being
particularly stable. The IL-2 and antigen liposomes showed less than 10% loss of activity for
up to 6 months.

Stabilizers may also be added to the liposomal compositions. For example, when a metal
chelator such as Desferal™ or diethylenetriamine pentaacetic acid (DTPA) was included in the
lyophilization medium at a concentration of 100uM, the IL-2 biological activity loss was
reduced further, Preservatives such as BHT (see Example 2) or Vitamin E (see Example 3)

may also be included.




10

20

25

30

35

WO 97/49423 PCT/TL97/00210

9

For longer term storage, the compositions may be stored as the dry lyophilized powder,
which is stable for at least a year, and hydrated to form an aqueous suspension before use.

The two cytokines, IL-2 and GM-CSF, may also be incorporated into the same vesicles
(see Example 5). In this case, the encapsulation efficiency was 85% and 40%, respectively.

D. Administration

For use in humans, 4 preferred antigen dose is in the range of 1 to 20 pg. Parenteral
administration may be by injection, ¢.g., intraperitoneal (ip), subcutaneous (s¢), intravenous
(iv}, or intramuscular (im). For iv or im administration, the liposomes of the composition are
preferably small unilameilar liposomes, as described above (Sections lIA and IIB), and more
preferably contain 1-25 mole percent of PEG-derivatized lipid, also described above (Section

IIA). The vaccine may also be administered intranasally, via the mucosal membrane.

IlI. Immunogenic Activity of the Liposomal Vaccines

A. Compositions and Methods

For the tests described below, influenza A virus haemagglutinin/neuraminidase (designated
“H/N" or "HN" in the Figures and discussion) and the cytokines GM-CSF and IL-2 were
encapsulated, each separately, in large (mean diameter, 1,5u) multilamellar vesicles (MLV)
composed of dimyristoyl phosphatidylcholine (DMPC), as described in Examples 1 - 4 below.

For the results shown in Figs. 1, 6, 7 and 9 and Table 1 below, a commercial 1993
preparation of influenza A virus (Shandong H3N2), provided by Sulvay Duphar B.V., the
Netherlands, designated antigen 1, was used. For the results shown in Figs. 2-5 and 8§ and
Tables II-V, a 1994 preparation from the Swiss Serum and Vaccine Institute, Berne, Switzer-
land, designated antigen 2, was used.

For measurement of the humoral response after immunization, BALB/C mice were injected
once intraperitoneally (i.p.) or subcutaneously (s.c.), using the compositions described below.
The total antigen per injection was in the range of 0.15 to 2.0 pg, with 0.5 ug being a typical
dose. Serum antibodies were tested at different intervals (11-360 days after vaccination), using
the haemagglutination-inhibition (HI) assay for specitic anti-H antibodies {Shapira-Nahor),
enzyme (neuramidinase. or NA) neutralization for specific anti-N antibodies, and ELISA (Ben-
Ahmeida, 1993) for total anti-H/N antibodies. Control experiments demonstrated that empty
MLV liposomes produced no measurable response in the HI assay.

In the ELISA and NA tests, the last serum dilution yielding 50% maximum inhibition of
absorption, respectively, was determined, Al groups consisted of 5-6 mice each. In the HI
test, a titer (i.e., maximum serum dilution showing inhibition) of 40 or greater is considered

evidence of seroconversion; i.e., protection against viral infection.
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To evaluate long-term protection against viral infection, ten or fourteen months after
vaccination, mice were infected by intranasal administration of live virus (2000 haemagglutinin
units). Animals were sacrificed after six days for lung examination. In mice infected with the
virus, multiple necrotic foci were evident. Full (100%) protection was recorded when the

lungs were totally free of foci.

B. Humoral Response and Long Term Protection; Free, Alum-Supported and Liposomal
Antigen with and without Free Cytokines

In the first series of tests (Example 7 below), the humoral immune response of mice
immunized with nonencapsulated (free) and encapsulated (liposomal) antigens, with and without
additional treatment with free cytokines (IL-2 and/or GM-CSF), was measured. BALB/c mice
were immunized once, i.p., with 0.5 pg F-H/N (antigen 1, free), AL-H/N (alum-supported),
or Lip-H/N (liposomal, prepared as described in Example 1 below). Each antigen was tested
alone and in conjunction with 45000 units IL-2, GM-CSF, or a combination of IL-2/GM-CSF.

ELISA antibody titers measured 40 days post-vaccination are shown in Fig. 1A. The mean
antibody titer of mice vaccinated with Lip-H/N, without cytokines, was 7 and 20 times higher
than that of mice immunized with AL-H/N and with F-H/N, respectively. Co-injection of each
of the above antigens together with either GM-CSF or IL-2 (nonencapsulated) augmented the
response further (5- to 20-fold). This pattern was also found at later stages of the response,
150-240 days post vaccination (data not shown).

Anti-H (HI) and anti-N (NA) antibody response of similar compositions were also tested
40 days post-vaccination, giving the results shown in Fig. 1B. As can be seen from the figure,
liposome encapsulation of the antigen increased the titer, in both cases, to approximately 200,
and addition of GM-CSF further increased the HI titer by approximately threefold and the NA
titer by approximately tenfold. Because the NA surface protein is less variable from one
influenza virus strain to another than the HI protein, a composition giving a strong anti-NA
immune response is likely to provide broad protection against a wide range of such viruses.

Table I shows long term protection demonstrated in BALB/c mice when administered live
influenza virus 10 months after immunization with the compositions described above. Protec-
tion was evidenced by the absence of necrotic foci six days after administration. Liposomal
antigens and compositions incorporating cytokines, particular IL-2, showed high levels of
protection, with 100% protection being typical for compositions having both of these features.

The level of serum conversion (i.e. HI titer of 40 or greater), up to 8 months after
vaccination, is given in Table Il. Liposomal antigen preparations (antigen 2) showed the
highest levels of seroconversion at both early (day 1) and late stages (day 240). In particular,

liposomal antigen plus GM-CSF produced 100% seroconversion at all stages of testing.
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Table 1
Long Term Protection (%) 10 Months Post-Vaccination
Cytokine
Antigen
None IL-2 GM-CSF IL-2 + GM-CSF

Free H/N 20 100 40 66
Al-H/N 25 100 100 100
Lip-H/N 25 100 100 80

Table II

Serum Conversion (Titre > 40) Following Vaccination of
Balb/C Mice with Non-Liposomal and Liposomal Influence A H/N Vaceines

% of Mice Seroconverted’
Vaccine Day 11 Day 45 Day 70 | Day 240
F-HN 0 40 40 40
F-HN + IL-2 40 80 80 75
F-HN + GM-CSF 60 80 80 60
F-HN + IL-2 + GM-CSF 40 100 100 100
Al-HN 20 100 80 40
AL-HN + IL-2 40 100 75 60
Al-HN + GM-CSF 40 100 100 80
Al-HN + IL-2 + GM-CSF 60 100 100 100
Lip-HN 60 100 100 100
Lip-HN + IL-2 40 100 75 67
Lip-HN + GM-CSF 100 100 100 100
Lip-HN + IL-2 + GM-CSF 100 100 100 100

*4-6 mice/group
C. Humoral Response:
Liposomal Cytokines
In this series of tests (Example 8), mice were immunized once, i.p., with 0.5 ug H/N
(antigen 2), free (F-H/N) or Alum-adsorbed (AL-H/N). Additional groups were vaccinated
with AL-H/N combined with 5 X 10°, 15 x 10’ or 45 x 10° U (Cetus units) of free or

Free and Alum-Supparted Antigen with and without Free and

liposome-encapsulated 1L-2, prepared as described in Example 2 below. The response was -
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measured by HI (Figs. 2A-2C) and by ELISA (Figs. 3A-3B) at 14,45, and 167 days. In Figs.
2A-2C, the numbers above the bars indicate the percent seroconversion (minimum titer 40)
among the group of animals tested.

As can be seen in Figs. 2A-2C, only a weak HI response was evident in mice immunized
with AL-H/N alone. Addition of free IL-2 elicited a low response at 14 days and a moderate
response, at the higher doses, at45 and 167 days. A marked and persistent increase in anti-H
antibody titer (at least tenfold at 167 days at all dosages of IL-2) was demonstrated in mice
given AL-H/N together with liposomal IL-2. '

All compositions containing liposomal IL-2 showed 100% seroconversion at all stages, with
H.L titers typically 200 or more, and 400 or more at later stages. Similar results were shown
by ELISA assay of total antibodies, with higher doses showing a greater response (Figs. 3A-
30).

This series of tests was repeated, using GM-CSF in place of IL-2, to give the results shown
in Figs. 4A-4D (anti-H titer) and Figs. 5A-5D (total antibody titer). In Figs. 4A-4D, the
numbers above the bars indicate the percent seroconversion among the group of animals tested.
Again, addition of the cytokine, particularly when entrapped in liposomes, produced a signifi-
cant increase in antibody titer. All liposomal cytokine compositions produced 100% serocon-
version at all stages up to 9 months, with H.I. titers as high as 1000, and total antibody titers
of 4000-8000, observed at later stages.

D. Humoral Response and Long Term Protection: Free and Liposomal Antigen with and
without Free and Liposomal Cytokines

Mice were immunized once, i.p., with 0.5 ug H/N (antigen 1), free, Alum-adsorbed,

or liposome-encapsulated. The Lip-H/N was administered alone or co-administered with free
IL-2, free GM-CSF, liposomal IL-2, or liposomal GM-CSF (45000 C.U.; prepared as
described in Examples 1-2 below). Mice were tested on days 11-360 for anti-H antibody
response, to give the results shown in Fig. 6.

As can be seen in the Figure, mice vaccinated with F-H/N or AL-H/N alone exhibited a
low and relatively short-lived HI titer, lasting approximately 3 months. A much higher titer,
fasting 1 year, was seen in mice injected with Lip-H/N.

Co-administration of non-encapsulated IL-2 or GM-CSF modestly enhanced the response
to Lip-H/N during 3-5 months post vaccination. In comparison, co-administration of Lip-1L-2
or Lip-GM-CSF (combined liposomal vaccine) signiticantly augmented the responseto Lip-H/N
throughout the observation period (360 days). After 3 months, for example, the titers obtained
for the combined vaccines (solid circle and triangle) were greater than twice those observed for

those in which only the antigen was encapsulated (open citcle and triangle). At 5 and 9
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months, a greater than threefold difference was seen. After one year, the combined vaccines
still showed H.L titers of approximately 150-200.

Further analysis of the antibody response revealed that mice vaccinated with Lip-H/N +
Lip-IL-2 or Lip-GM-CSF also developed a much higher titer of IgG1, IgG2a and IgG3 anti-
bodies than mice immunized with the non-liposomal vaccines (Figs. 7A-7C). These observa-
tions suggest that the liposomal vaccines trigger both Thl and Th2 (helper T-cell) responses,
Again, the combined liposomal vaccines typically gave titers severalfold higher than the other
vaceine compositions.

The level of serum conversion (i.e. HI titer of 40 or more) of mice vaccinated as described
above with various dosage forms of antigen, where liposomal antigen was combined with free
and liposomal cytokines, is shown in Table ITI. As shown in the table, the combined liposomal
vaccines (Lip-HN + Lip-cytokine) showed 100% seroconversion from the early stage (11 days)
up to one year after vaccination,

Table I
Serum Conversion (Titre 2 40) Following Vaccination of Balb/C
Mice with Non-Liposomal and Liposomal Influenza A H/N Vaccines

% of Mice Seroconverted”
Vaceine Day 11 | Day 45 | Day 70 | Day 180 | Day 240 | Day 360
F-HN 0 40 50 0 0 0
AL-HN 0 75 80 0 0 0
Lip-EN 20 10 | 100 | 100 | 100 33
Lip-HN + IL2 100 100 | 100 | 100 | 100 | 100
Lip-HN + GM-CSF 100 100 | 100 | 100 80 40
Lip-HN + LipIL2 100 100 | 100 | 100 | 100 | 100
Lip-HN + Lip-GM-CSF | 100 100 | 100 | 100 | 100 | 100

*4-6 mice/group

Fig. 8 shows total antibody response, as measured by ELISA, 45 days after administration
of free and liposomal H/N (antigen 2), alone or with free or liposomal IL-2. Addition of free
IL-2 to a low (0.15 pg) dosage of antigen had little effect on the response, but addition of
liposomal IL-2 increased the response significantly.

Finally, mice were tested for long-term protection 14 months atter vaccination (Fig. 9).
The level of protection upon co-vaccination with Lip-H/N (antigen 2) + liposomal cytokines

was 70% at 14 months, as compared with 40-50% in mice immunized with Lip-H/N + free
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cytokines, and no protection in mice immunized with free, liposomal or AL-H/N without cyto-
kines. Thus, a single immunization with the combined liposomal vaccine afforded a high level
of protection for over 1 year.

E. Cytoloxic Response: Liposomal Antigen with Liposomal Cytokines

A strong anti-viral cytotoxic response was found in mice immunized with the combined
liposomal vaccine (liposomal H/N + liposomal IL-2 or GM-CSF). To obtain the data shown
in Table 1V, BALB/C mice were immunized s.c. at 0 and 90 days with 0.5 pg H/N with or
without 5 X 10° U cytwokine, in the combinations shown.

Splenocytes obtained on day 18 after the second vaccination were stimulated in vitro at a
11 ratio with influenza virus-infected irradiated syngeneic splenocytes for 5 days. Cytotoxicity
was measured by the 4 hour *'Cr release assay (Gazit) against virus infected P15 cells. Cyto-
toxicity is expressed in terms of LU/10° cells, where 1 LU corresponds to 30% cytotoxicity.

As shown in Table IV, the cells from mice immunized with the combination liposomal
vaccine exhibited a strong cytotoxic activity against the virus-infected target cells, *with an
increased activity at a higher E/T (effector to target cell) ratio.

Table IV
Cytotoxic Activity of Balb/C Spleen Cells
Following Vaccination with Influenza A H/N Vaccines®

Cytotoxicity (LU/10¢ Cells) Against:®

Vaccine Non-Infected P815 Infected P815
F-HN (0.5 pg) <1 <1
AL-HN <1 <1
Lip-HN <1 <1
Lip-HN + Lip-GM-CSF (5x 10* U) 9.4 325
Lip-HN + Lip-IL-2 (5x10* U) 4.8 19.1

Spleen cells obtained 90 days after s.c. immunization were co-cuitured for 5 days with virus-infected syngeneic
splenocytes prior to testing.

Cytotoxicity was tested against virus infected and non-infected target cells at various effectorftarget cell ratios,
usirig a 4 hr *'Cr releuse assay. | LU = 30% toxieity.

To obtain the data shown in Table V, mice were immunized as described above with the
vaccine compositions shown. Splenocytes obtained 90 days after immunization were co-
cultured for 5 days with influenza virus-infected irradiated syngeneic splenocytes prior to test-
ing. Cytotoxicity was tested against both virus-infected and non-infected P815 target cells,

again by the 4 hour 'Cr release assay. As shown in Table V., cells from mice immunized with
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combination vaccines (H/N plus cytokine) showed significant cytotoxicity,
with greater activity demonstrated against the virus-infected cells.

Table V
5 Cytotoxic Activity of Splenocytes from Mice
Immunized with Nonliposomal and Liposomal H/N

% Cytotoxicity at E/T Ratio of"
Vaccine® 10:1 40:1
F-HN 1 10
Al-HN 1 5
Lip-HN + Lip-IL-2 21 10
Lip-NH + Lip-GM-GSF 29 50

& Balb/C mice were immunized s.c. on days 0 and 90 with 05 pg HN + cytokines (5 x 10*U).

b . 5
Splenocytes obtained on day 18 afier the second vaccination were stimulated in vifro at 1:1 ratio with Virus-
10 infected irradiated syngeneic splenocytes for 5 days. Cytotoxicity was measured by the 4 hous *Cr release assay

against virus infecled P815 target cells.

The results described above show that liposomal encapsulation of
antigens and either IL-2 or GM-CSF appreciably improves the immune _
15 ' response, including the CTL response, to sub-unit vaccines. Co-
. administratiori of liposomal antigen and liposomal IL-2 or GM-CSF
e (combined liposomal vaccine) elicited a high titer if [gG1, IgG2a, IgG3 and .
AT " IgM antibodies, indicating both Th1 and Th2 responses, as well as strong CTL
responses, and were the most effective in long-term protection experiments,
20 The combined liposomal vaccine induces an earlier response, a stronger
response, and a more extended response as compared with currently
available influenza vaccines and the comparative vaccines tested.
Throughout this specification the word "comprise", or variations such
as "comprises” or "comprising", will be understood to imply the inclusion of a
“3e 25 stated element, integer or step, or group of elements, integers or steps, but not
el the exclusion of any other element, integer or step, or group of elements,
) integers ar steps.
Any discussion of documents, acts, materials, devices, articles or the
like which has been included in the present specification is solely for the
purpose of providing a context for the present invention. Itis not to be taken
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as an admission that any or all of these matters form part of the prior art base
or were common general knowledge in the field relevant to the present
invention as it existed in Australia before the priority date of each claim of
this application.

5 The following examples illustrate but are not intended in any way to

limit the invention.

IV. Materials and Methods

A. Antigens
10 Gommercial preparations if influenza A virus haemagglutinin/

neuraminidase were provided by Sulvay Duphar B.V., the Netherlands
(Shandong [9/93] H3N2), and by the Swiss Serum and Vaccine Institute,
Berne, Switzerland.

B. Cytokines
15 Recombinant mouse granulocyte/macrophage colony-stimulating factor

(GM-CSF, >97% pure, 4 x 10’ U/mg) and recombinant human interleukin-2
(IL-2, 87% pure, 3 x 10° Cetus units/mg = 18 x 10°IU/mg) were provided by
Immunex (Seattle, WA, USA) and Cetus

20 \ ey
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Oncology (Chiron, Emeryville, CA, USA), respectively. The cytokines were handled
according to the suppliers’ instructions and diluted in Hank’s Balanced Salt Solution (HBSS)
containing 1 mg/ml bovine serum albumin (BSA).

C. Mice

Specific pathogen-free (SPF) female BALB/c mice (Hartan, Jerusalem), aged 6-12 weeks,
were maintained under SPF conditions.

D. Cytokine Bioassays

The ability of free and liposome-entrapped cytokines to induce proliferation was assessed
by a 48 [3H]-thymidine incorporation test (Gillis) or by the colorimetric MTT test (Mossmann).
The GM-CSF-dependent 32-D mouse myeloid cel! line and the IL-2-dependent CTLL-2 mouse
T-cell line were used as indicator cells. For testing lposome-encapsulated cytokines in the
MTT assay, 20% Triton x-100 in O.IN HC| was used to dissolve the color crystals and the
liposomes and to prevent turbidity related artifacts.

E. Preparation of Alum-Adsorbed Antigens

The H/N proteins were adsorbed onto Alum, Al(OH),, as previously described (Harlow),
using 100 pg H/N per | mg AI(OH),.

F. Immunization and Measurement of Humoral Response

BALB/C mice were injected once intraperitoneally (ip), unless otherwise indicated, with
HIN, typically at a0.5 pg dosage level, administered either as free antigen (F-H/N), combined
with Alum (AL-H/N), or in liposomes (Lip-H/N) (prepared as in Example 1, below). “Each
of the antigen preparations was given either alone or together with § x 10? - 4.5 X 10* Cetus
units (CU) of free or liposome-encapsulated cytokines (prepared as in Examples 2-3).

Serum antibodies were tested at different intervals (11-360 days after vaccination), using
the haemagglutination-inhibition (HI) assay for specific anti-H antibodies (Shapira-Nahor),
enzyme neutralization for specific anti-N antibodies, and ELISA (Ben-Ahmeida, 1993) for total
anti-H/N antibodies. In the HI test, a titér of 40 or greater is considered to be protective. In
the anti-N and ELISA tests, the last serum dilution yielding 50% maximum inhibition or
absorption, respectively, was determined. All groups consisted of 5-6 mice each.

G. Protection Against Viral Infection

Ten or fourteen months post vaccination, mice were infected by intranasal administration
of live virus (2000 haemagglutination units), Since this virus strain is rarely lethal to BALB/C
mice, animals were sacrificed on day 6 for lung examination. In mice infected with the virus,
multiple necrotic foci were evident. Full protection was recorded when the lungs were totalty

free of foci.

H. Statistical Analysis
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Differences between groups were analyzed using the two-tailad Student’s t-test.
Example 1: Preparation of Liposomal H/N

The antigen was entrapped in DMPC liposomes using the dehydration-rehydration tech-
nique, as follows. Dimyristoy! phosphatidylcholine (DMPC, Avanti Polar Lipids, Pelham, AL,
USA, or Lipoid, Ludwigshafen, Germany), 4 g, was added to 40 ml sterile double distilled
water (DDW) and dissolved at 40-45°C. The solution was homogenized for 3 min. at high
pressure (10,000 psi). using the Rannie Minilab 8.30 H High Pressure Homogenizer (APV
Rannie, Denmark), resulting in the formation of small unilamellar vesicles (50 nm, SUV). The
SUV were sterilized by filtration through a 0.2 yum pore size filter. H/N (66ug in 0.2 ml) was
added to 750 p!l of the SUV (lipid/protein ratio 1000/1), and the mixture was vortexed Srieﬂy
and then co-lyophilized overnight. The lipid-protein powder was hydrated by adding first 0.1
ml DDW and then 0.65 ml phosphate butfered saline (PBS) at pH 7.4, followed by vortexing,
resulting in the formation of large (mean diameter, 1.5 um) multilamellar vesicles (MLV) con-
taining H/N,

The amount of protein entrapped in the liposomes was determined by the filter paper
dye-binding assay, using Coomassie brilliant blue G (Minamide).

Example 2: Preparation of Liposomal Cytokines )

DMPC (0.57g) and 0.02 ml of 1% solution of BHT (butylated hydroxytoluene, an antioxi-
dant) in methanol were mixed with 9 ml tertiary butanol, and the mixture was sonicated at
37°C for 20 min to dissolve the lipid. Subsequently, GM-CSF or IL-2 (1-5 x 10° U in 9 m!
HBSS + 0.1% BSA) was added, and the lipid-cytokine mixture was further sonicated for 20
min at room temperature and lyophilized overnight. The powder was hydrated by adding 9 ml
DDW and immediately shaking (Labline Multi Wrist Shaker, Melrose Park, IL, USA) for 30
min at room temperature. The above GM-CSF-loaded liposomes and IL-2-loaded liposomes
(mean diameter, 1.5 + 0.5 pm) were diluted in HBSS/0.1% BSA and stored at 4°C. Lipo-
somes containing cytokines were separated from the free, nonencapsulated cytokines by
centrifugation (Eppendorf centrifuge model 5415C) ar 14,000 rpm for 15-20 min. This tech-
nique resulted in almost 100% recovery of the liposdmal lipids in the liposome fraction.

To measure encapsulation efficiency, the liposomes were first separated from the medium
as described above. The level of biologically active cytokines was then determined in the
ariginal preparation, in the liposome-free medium and in the isolated liposomes by bioassays,
described above. For maximum exposure (>95%) of the liposomal cytokines, the liposomes
were sonicated for 30-40 min at 4-8°C. This procedure resulted in excellent recovery of cyto-

kine, with >90% retention of the cytokine biologic activity.
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Example 3
Liposomal cytokines were prepared as described in Example 2, except that BHT was
replaced by 0.1-0.2 mole % (relative to DMPC) of Vitamin E.
Example 4
Liposomal cytokines were prepared as in Example 72, with the addition of a metal chelator
such as DTPA (diethylenetriamine pentaacetic acid) or Desferal at a level of =50 M (final
concentration). to prevent transition of metal-related damage to the protein,
Example 5
MLV were prepared as described in Example 1 except that H/N proteins and cytokines (IL-
2, GM-CSF, or a combination of the two) were co-lyophilized together with DMPC.

Example 6: Encapsulation of Antigens and Cytokines
in Liposomes and Stahility of the Liposomal Preparations

The influenza A H3N2 antigens and the recombinant cytokines IL-2 and GM-CSF were
encapsulated in large MLV (mean diameter, 1.5 um) consisting of DMPC. The encapsulation
efficiency was tested by measuring proteins (H3N2) and cytokine biologic activity (GM-CSF,
IL-2) in the supernatants and the liposome fraction following centrifugation, as described

above. The mean encapsulation efficiency of the antigens, IL-2 and GM-CSF (3 batches each)

‘was 95%, 92% and 40%, respectively.

In addition, the liposomes were stored in liquid form at 4°C for 2 to 8 months, during
which time the preparations were tested periodically for residual activity, as compared with the
fresh preparations. The encapsulated 1L-2 and H3N2 were stored up to 6 and 8 months,
respectively, without any significant loss of activity (< 10%). The encapsulated GM-CSF
showed a 10-25% decrease in activity at 2 months, with a further decrease (40-50%) at 5
months. Thus, the liposomal IL-2 preparation is by far more stable than the liposomal GM-
CSF. The loss of GM-CSF activity was partly due to cytokine leakage from the liposomes and
partly to cytokine inactivation/degradation,

In other experiments (data not shown), both IL-2 and GM-CSF were incorporated into the
same vesicles. In this case, the encapsulation efficiency was ~85% and 40%, respectively.
No stability studies were carried out with these liposomes.

Following i.v. inoculation of the liposomal cytokines, the blood circulation time was 10-20
times longer than that of the non-encapsulated cytokines (data not shown).

Example 7: Humoral Immune Response of Mice Immunized with
Free or Liposomal H/N, with and without Co-administration of Free Cytokines

BALB/c mice were immunized once, ip, with 0.5 #g F-H/N, AL-H/N, or Lip-H/N
(prepared as in Example 1), each alone or in conjunction with free IL-2, GM-CSF, or IL-2 +

GM-CSF (4.5 x 10* units each). The antibody titer was measured by ELISA and HI (for
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specific anti-H antibodies) on days 11-240. Lung protection was tested, as described above,
on day 270 post vaccination, The results are shown in Figs. 1-2, as discussed above.

Example 8. Effect of Free and Liposomal IL-2
on the Humoral Immune Response to Alum-Adsorbed H/N

Mice were immunized once, ip, with 0.5 ug H/N, free or Alum-adsorbed. Other groups
were vaccinated with AL-H/N combined with § % 10, 15 x 10° or 45 X 10° Cetus units of
free or encapsulated IL-2 or GM-CSF, prepared as described in Example 2. The response was
measured by HI and ELISA tests on days 14, 45, 167, and (for GM-CSF) 276 (9 months).
The results are shown in Figs. 2-5, as discussed above.

Example 9. Humoral Immune Response of Mice Immunized with Free or
Liposomal H/N, with and without Co-Administration of Free or Liposomal Cytokines

A comparison was made between soluble and liposome-entrapped IL-2 and GM-CSF co-
administered with Lip-H/N. Mice were tested on days 11-360 for anti-H antibody response,
to give the results shown in Fig. 6. Further apalysis of the antibody response was carried out
to measure the titer of IgG1, 1gG2a and IgG3 antibodies. Results are shown in Figs. 8A-8C.

Mice were tested on day 420 for long-term protection, as described above, 10 give the
results shown in Fig. 9.

Example 10. Cytotoxic Response

A strong anti-viral cytotoxic response was found in mice immunized with the combined
liposomal vaccines (Lip-H/N + LipIL-2 or Lip-GM-CSF). Thus, splenocytes of mice
vaccinated 3 months previously that were stimulated in vitro for 6 days with influenza
A-infected syngeneic splenocytes, exhibited a strong cytotoxic activity against virus-infected
target cells (P815). Results are shown in Tables IV and V above.

While the invention has been described with reference to specific methods and
embodiments, it will be appreciated that various modifications may be made without departing

from the invention.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

I. A liposomal vaccine composition for use in immunizing a mammalian subject against
influenza virus, comprising

a suspension of liposomes, having encapsulated therein

(1) an influenza subunit antigen effective to stimulate an immure response in the subject, and

(i) at least one immunostimulating cytokine effective to enhance the immune response.

2. The composition of claim 1, wherein the antigen and the cytokine are coencapsulated in the

same liposomes in the composition.

3. The composition of claim I, wherein the antigen and the cytokine are encapsulated in

different populations of liposomes in the composition.
4. The composition of claim 1, where the influenza subunit antigen comprises the HA
(hacmagglutinin) and NA (neuraminidase) viral surface proteins of an influenza vinis, or

antigenic mutants thereof.

5. The composition of claim 1, where the cytokine is selected from the group consisting of
IL-1, IL-2, IL4, IL-6, IL-7, [L-12, IL-15, IFN-y, and GM-CSF.

6. The composition of claim 5, where the cytokine is interleukin-2 (IL-2).

7. The composition of claim 5, where the cytokine is granulocyte macrophage colony
stimulating factor (GM-CSF).

8. The composition of claim 5, where the cytokine is a combination of IL-2 and GM-CSF.

9. The composition of claim 1, where the liposomes include at least 70 mole percent

dimyristoyl phosphatidylcholine (DMPC).

10. The composition of claim 1, for use in intraperitoneal, intramuscular or subcutaneous
administration, wherein the liposomes are large multilamellar vesicles having a mean diameter of

approximately 0.25p to 5.0p.
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11. The composition of claim 1, for use in intravenous, intranasal or intramuscular
administration, wherein the liposomes are small unilamellar vesicles having a mean diameter of

approximately 30 to 80 nm.

12. The composition of claim 11, wherein the liposomes contain 1-25 mole percent of a lipid
having a polar head group derivatized with a polyethylene glycol (PEG) chain which has a
molecular weight of between 750 and 10,000 daltons.

13. The composition of claim 1, wherein said composition is effective to produce 100%

seroconversion in said subject up to six months after administration.

14, The composition of claim 13, wherein said composition is effective to produce 100%

seroconversion in said subject up to nine months after administration.

15. A method of preventing infection of a mammalian subject by influenza virus, comprising
administering to the subject an effective amount of a liposomal vaccine composition comprising
a suspension of liposomes, having encapsulated therein
(i) an influenza subunit antigen effective to stimulate an immune response in the subject, and

(ii) at least one immunostimulating cytokine effective to enhance the immune response.

BN

16. The method of claim 15, for use in intravenous, intranasal or intramuscular administration, . . .. . .

wherein the liposomes are small unilamellar vesicles having a mean diameter of approximately-30

t0 80 nm.

17. The method of claim 15, for use in intravenous, intranasal or intramuscular administrdtion,
wherein the liposomes contain 1-25 mole percent of a lipid having a polar head group derivatized
with a polyethylene gfycol (PEG) chain which has a molecular weight of between 750 and 10,000

daltons.

Dated this 17th day of January 2001
Yissum Research Development Company
of the Hebrew University of Jerusalem

Patent Attorneys for the Applicant:

F B RICE & CO
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