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ABSTRACT 

Embodiments of the present invention illustrate methods of 
treating and preventing infection due to a pathogen such as 
a fungal pathogen. In particular, the present invention relates 
to compositions and methods for vaccinations against or 
treatment for a fungal organism in a non-immunocompro 
mised or immunocompromised subject. 
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COMPOSITIONS AND METHODS TO ELICIT 
IMMUNE RESPONSES AGAINST PATHOGENIC 
ORGANISMS USING YEAST BASED VACCINES 

RELATED APPLICATIONS 

[0001] This application claims the bene?t of priority under 
35 U.S.C. §119(e) of US. provisional application No. 
60/750,029, ?led on Dec. 13, 2005, Which is incorporated 
herein by reference in its entirety, and of US. provisional 
application No. 60/817,300, ?led on Jun. 28, 2006, Which is 
incorporated herein by reference in its entirety. 

FEDERALLY FUNDED RESEARCH 

[0002] The studies disclosed herein Were supported in part 
by grants 1 R43 AI 052632-01A1, 1 R43 AI054020-01A1 
and 1 R41 AI062482-01 from the Small Business Innovation 
Research Program (SBIR) and STTR Program of the 
National Institutes of Health. The US. government may 
have certain rights to practice the subject invention. 

FIELD 

[0003] The present invention provides for methods, com 
positions and kits for reducing a fungal infection and/or 
inducing a protective or therapeutic response against a 
pathogenic or non-pathogenic organism. 

BACKGROUND 

[0004] Many conditions in humans and animals are caused 
by fungal infections and current therapeutics for the preven 
tion of and treatments for these infections are largely inef 
fective. Coccidioidomycosis, also knoWn as San Joaquin 
Valley Fever, is a fungal disease caused by Coccidioides 
immilis that is endemic in portions of Southern AriZona, 
central California, southern NeW Mexico and West Texas. At 
least 100,000 neW cases are reported each year. The migra 
tion of not only permanent residents, but also agricultural 
Workers to these areas increases exposure to C. immilis 
spores that lie dormant in the soil, and as the soil is 
disturbed, the spores become airborne and are inhaled. Once 
in the lungs, the arthroconidia transform into spherules. An 
acute respiratory infection occurs betWeen seven days to 
three Weeks after exposure and often resolves rapidly. HoW 
ever, in a signi?cant number of cases, chronic pulmonary 
conditions or dissemination to the meninges, bones, and 
joints can result, leading to acute, life-threatening disease. 
One population, migrant laborers, is exposed to C. immilis 
and are a highly susceptible to get infected. A variety of 
approaches have been used to ?ght coccidioidomycosis, 
including soil treatments, but only a vaccine can completely 
eliminate this “emerging disease.” 

[0005] Another pathogen, Cryplococcus neoformans is an 
encapsulated pathogenic yeast that causes pulmonary infec 
tions and meningoencephalitis in humans and other animals. 
During the last 20 years, there has been a dramatic increase 
in the incidence of cryptococcosis throughout the World that 
mirrors the increase in not only HIV infections, but also in 
the groWing number of immunocompromised patients. Loss 
of CD4+ T cells predisposes patients to progressive infection 
With C. neoformansithis emphasiZes the role of cell 
mediated immunity in host resistance. 

[0006] C. neoformans is a basidiomycetous fungus that is 
generally isolated as a haploid yeast, although diploids have 

Jul. 26, 2007 

been identi?ed in nature. There are tWo mating types that can 
undergo recognition and fusion, and form a mycelium. A 
structure called a basidium is made and spores are produced 
from the surface of the basidium. Under speci?c conditions, 
haploid cells can undergo sporulation. Recently, a stable 
diploid Was shoWn to groW as a yeast at 370 C. and formed 

hyphae and produced spores at 240 C. C. neoformans has 
been the subject of many studies, the var. grubii strain H99, 
as the source of the candidate immunogens. Var. grubii are 
serotype A strains, have a WorldWide distribution, and are 
the most common variety to cause disease in the United 
States. Strain H99 has several advantages. First, molecular 
genetic analysis, including gene deletion and allelic replace 
ment experiments, are Well established in H99. Second, the 
genome sequence of H99 has been determined. The random 
shotgun and assembly phases of the genome are complete 
and the assembled genome has been released. Third, a 
congenic mating partner for H99 has recently been devel 
oped. Lastly, several reproducible animal models have been 
Well developed to assess virulence for this strain. 

[0007] Cryptococcosis is a disease that is acquired by 
inhalation of the organism from the soil or avian droppings 
into the lungs. Both immunocompetent and immunocom 
promised patients can be infected With the organism. In 
immunocompetent patients, the disease is usually contained 
in a lung granuloma and induces an antibody response. In 
contrast, individuals Whose cellular immunity has been 
compromised by viral infection, suppression due to tissue 
transplantation, or anti-neoplastic chemotherapy are particu 
larly susceptible to disseminated disease, folloWed by often 
fatal meningoencephalitis. For example, an estimated 7-10% 
of AIDS patients acquire cryptococcosis during the course of 
their HIV disease. In compromised hosts, patients With 
cryptococcosis generally present With symptoms of menin 
gitis such as fever, headache, and malaise. Cryptococcal 
pneumonia is the next most frequent manifestation of cryp 
tococcosis in immunocompromised patients. It occurs as a 
primary infection in approximately 4% of cases and is 
associated With general symptoms of pneumonia such as 
fever, cough, pleuritic chest pain, and/or dyspnea. 

[0008] Aspergillusfumigalus is a ubiquitous spore-bearing 
fungus that causes multiple diseases in humans. These 
include allergic asthma, aspergillomas, and invasive pulmo 
nary disease of hosts With predisposing underlying condi 
tions. In the United States in 1996, there Were an estimated 
10,190 aspergillosis-related hospitalizations; these resulted 
in 1,970 deaths, 176,300 hospital days, and $633 million in 
costs. The average hospitaliZation lasted 17.3 days and cost 
~$62,000. Although aspergillosis-related hospitaliZations 
account for a small percentage of hospitaliZations in the 
United States, patients hospitaliZed With the condition have 
lengthy hospital stays and high mortality rates. The high 
mortality rates (in some instances over 90%) are due, in part, 
to the lack of rapid and sensitive diagnostic tests (all too 
often the diagnosis is made postmortem), as Well as the lack 
of effective anti-fungal therapeutics. 

[0009] The most common species of Aspergillus causing 
invasive disease include A. fumigalus, A. ?avus, A. niger, A. 
Zerreus and A. nidulans. A. fumigalus is the most frequently 
found fungus in airborne spore surveys. The organism groWs 
in a variety of environments including air ducts, houseplant 
soil, compost piles, and at a Wide range of temperatures, 
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from 12° C. to 55° C. Ofthe genus Aspergillus, A.fumigalus 
is the most common pathogen of man. 

[0010] Currently, there are a number of anti-fungal vac 
cine and anti-fungal treatment effort that use a variety of 
approaches including selected recombinantly-expressed 
antigens. Safe and effective vaccines against fungal organ 
isms as Well as against other similar pathogens are needed. 

SUMMARY 

[0011] Embodiments of the present invention concern 
methods and compositions for reducing the onset of, pre 
venting or as treatment for a fungal infection. In accordance 
With these embodiments, a composition derived at least in 
part from non-viable fungal cells can be used to vaccinate a 
subject against or treat for a fungal infection. In certain 
embodiments, fungal cells Were heated at a temperature of 
about 56° C. for about one hour. In other embodiments, 
fungal cells Were heated at temperatures ranging from about 
50° C. to about 70° C. for from about 30 minutes to about 
2 hours. Time and temperature may vary depending on the 
fungal organism, as Well as, other factors such as the type of 
vaccine or therapeutic desired. 

[0012] Certain embodiments of the present invention con 
cern non-viable fungal cell compositions including fungal 
cells that Were heated at a temperature of about 56° C. for 
about one hour, or a derivative thereof. Other particular 
embodiments concern vaccines, Wherein the vaccines 
include a composition derived from non-viable fungal cells 
and Wherein fungal cells Were heated at a temperature of 
about 56° C. for about one hour. In accordance With these 
embodiments, the fungal cells can be transgenic, non-trans 
genic or a combination thereof. The vaccine compositions 
contemplated herein are capable of inducing an immune 
response against viable and non-viable fungal cells When 
administered to a subject. Fungal cells can include, but are 
not limited to, Saccharomyces spp., Aspergillus spp. Cryp 
lococcus spp., Coccidioides spp., Neurospora spp., Histo 
plasma spp., Blaslomyces spp., and a combination thereof. 
In other embodiments, the fungal cells may further comprise 
a tag. In certain exemplary transgenic vaccines, composi 
tions can include fungal cells transformed With an oligo 
nucleotide, a peptide, a protein, a chimeric molecule or 
combination thereof. In addition, transgenic fungal cells can 
contain one or more virulence factor. 

[0013] In some embodiments, a derivative of a non-viable 
fungal composition can be an active portion of non-viable 
fungal cells or a fraction thereof that is capable of inducing 
an immune response When introduced to a subject. In 
accordance With these embodiments, the derivative can be 
used a prophylactic against, prevention of and/or treatment 
for a fungal infection. 

[0014] In certain embodiments of the present invention, 
the fungal cells comprise transgenic, non-transgenic or a 
combination thereof. In other embodiments, the fungal cells 
can include, but are not limited to, Saccharomyces spp., 
Aspergillus spp., Cryplococcus spp., Coccidioides spp., 
Neurospora spp., Hisloplasma spp., Blaslomyces spp., and a 
combination thereof. 

[0015] In certain particular embodiments, Saccharomyces 
spp. cells can be spores, vegetative cells, germlings, or a 
combination thereof. In other embodiments, the Neurospora 
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spp. cells can be vegetative hyphae, aerial hyphae, macro 
conidia, germinating macroconidia, microconidia, germinat 
ing microconidia, ascospores, germinating ascospores, or a 
combination thereof. In other embodiments, the Aspergllus 
spp. cells can be vegetative hyphae, conidia, or germinating 
conidia, or combinations thereof. 

[0016] In certain embodiments, Coccidioides spp. cells 
can be arthoconidia, germinating arthroconidia, hyphae, 
spherules, germinating spherules, endospores, germinating 
endospores, or a combination thereof. In other particular 
embodiments, Cryplococcus spp. cells can be yeast cells. 

[0017] In other embodiments, Hisloplasma spp. cells can 
be yeast cells, vegetative hyphae, microcondia, germinating 
microconidia, macroconidia, germinating macroconidia, or 
combinations thereof. 

[0018] In other embodiments, Blaslomyces spp. cells can 
be yeasts, hyphae, blastoconidia, germinating blastoconidia 
or combinations thereof. In some embodiments of the 
present invention, the fungal cells may further include a tag. 
In other particular embodiments, transgenic fungal cells can 
contain at least one oligonucleotide. In certain examples, the 
oligonucleotide can encode a peptide or a protein. Altema 
tively, the transgenic fungal cells contain at least one viru 
lence factor. 

[0019] Embodiments of the present invention concern 
administering to a subject a vaccine that includes, at least in 
part, non-viable fungal cells. In certain embodiments, vac 
cines of the present invention induce an immune response in 
the subject directed against one or more fungal organisms. In 
accordance With these embodiments, the subject is a mam 
mal, bird or reptile. In one particular embodiment, the 
subject is a human. In certain examples, the vaccine can be 
administered in a single dose, a feW doses or multiple doses 
to reduce the onset of a fungal infection, preventing and/or 
treating a fungal infection. In other embodiments, the vac 
cination can occur yearly, monthly, or Weekly or even more 
frequent depending on need. 

[0020] In other embodiments, a subject having a fungal 
infection can be treated prophylactically to reduce progres 
sion of the fungal infection and or eliminate the infection. 

[0021] In certain embodiments of the present invention, 
the subject is a human predisposed to a fungal infection or 
a fungal organism (e.g., predisposed can mean at risk of 
exposure or having been exposed to a fungal infection or 
fungal organism). In other embodiments, the subject is an 
immunocompromised subject. In accordance With this 
embodiment, the immunocompromised subject is a subject 
having a viral infection, tissue transplantation, anti-neoplas 
tic chemotherapy or combination thereof. 

[0022] Other embodiments of the present invention con 
cern kits for treating and/ or preventing a fungal infection. In 
accordance With these embodiments, the kits can include 
non-viable fungal cells. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] The folloWing draWings form part of the present 
speci?cation and are included to further demonstrate certain 
embodiments of the present invention. The embodiments 
may be better understood by reference to one or more of 
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these drawings in combination With the detailed description 
of speci?c embodiments presented herein. 

[0024] FIG. 1 represents exemplary growth curves of 
yeast containing a gene encoding an antigen groWn in the 
presence of various concentrations of CuSO4. 

[0025] FIG. 2 illustrates an exemplary groWth curve of 
yeast cells containing and expressing an antigen protein. 

[0026] FIG. 3 illustrates an exemplary schematic of a 
method to test a vaccine disclosed herein. 

[0027] FIG. 4 illustrates exemplary survival curves for 
mice infected in vitro With A. fumigalus. 

[0028] FIG. 5. represents an exemplary electrophoresis gel 
of separated nucleic acid sequences from PCR reactions. 

[0029] FIG. 6. illustrates an exemplary schematic of a 
method to test a vaccine disclosed herein. 

[0030] FIG. 7 illustrates exemplary survival curves for 
mice infected in vitro With C immitis. 

[0031] FIG. 8 represents an exemplary Western blot of 
separated lysed yeast cells containing and expressing genes 
for hemolysin, aspf2 or antigen-2/PRA. 

[0032] FIG. 9 illustrates an exemplary schematic of a 
method to test a vaccine disclosed herein. 

[0033] FIG. 10. represents an exemplary electrophoresis 
gel of separated molecules of yeast lysates containing and 
expressing the gene encoding Chitin deacetylase and Lac 
case. 

[0034] FIG. 11 illustrates an exemplary survival curves for 
mice infected in vitro. With Cryplococcosis neoformans 

[0035] FIG. 12 illustrates an exemplary scattergram of 
protective ef?cacy of Aspergillus hemolysin antigen 
expressed in Saccharomyces spp. against systemic 
aspergillosis in mice. 

DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

De?nitions 

[0036] As used herein, “a” or “an” may mean one or more 
than one of an item. 

[0037] As used herein, “about” can mean plus or minus ten 
percent. 

DETAILED DESCRIPTION 

[0038] In the folloWing sections, various exemplary com 
positions and methods are described in order to detail 
various embodiments of the invention. It Will be obvious to 
one skilled in the art that practicing the various embodi 
ments does not require the employment of all or even some 
of the speci?c details outlined herein, but rather that 
sequences chosen, proteins selected, samples, concentra 
tions, times and other speci?c details may be modi?ed 
through routine experimentation. In some cases, Well-knoWn 
methods or components have not been included in the 
description. 
[0039] Embodiments of the present invention provide for 
compositions and methods for reducing the onset of, pre 
venting and/or treating a fungal infection. In particular 
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embodiments, methods and compositions When adminis 
tered to a subject are capable of inducing a protective 
immune response against a target. For example, these 
embodiments include a fungal pathogen. In accordance With 
these embodiments a fungal pathogenic organism includes, 
but is not limited to, Aspergillus spp., Cryplococcus spp., 
and Coccidioides spp. In exemplary embodiments, such 
pathogenic fungus may include, but are not limited to, 
Aspergillus fumigalus, A. ?avus, A. niger, A. Zerreus, A. 
nidulans, Coccidioides immilis, Coccidioides posadasii and 
Cryplococcus neoformans. The immune response may be 
induced by injection of a fungal-based vaccine. Such vac 
cines may comprise, but are not limited to, suspensions, 
solutions, extracts, homogenates, precipitates and/or other 
processed or unprocessed forms of Saccharomyces cerevi 
siae. Although in exemplary embodiments the vaccines may 
comprise yeast transformed With genetic markers, such as a 
c-myc tag sequence. In one embodiment, the vaccines may 
include a non-transgenic fungus or fungi. In one particular 
embodiment, the vaccines may include non-transgenic or 
transgenic yeast. 

[0040] Embodiments of the present invention provide for 
combination treatments of a subject in need of a vaccine 
against an organism such as a pathogenic fungal organism. 
In accordance With these embodiments, any vaccine treat 
ment detailed herein may be combined With, but is not 
limited to, treatments for cryptococcosis, aspergillosis, or 
coccidoidomycosis such as amphotericin B or the aZoles, 
?uconaZole or itraconaZole, S-?ucytosine, voriconaZole, and 
?uconaZole. In another embodiment, other treatments may 
include other antifungal treatments, such as any of the 
echinocandin class antifungals or any other antifungal agent. 

[0041] It is contemplated herein that any of the vaccines 
disclosed may be administered to a subject having or sus 
pected of developing a condition due to exposure or poten 
tial exposure to a fungal pathogen. In one embodiment, a 
subject may include a human. In other embodiments a 
subject may include a human, other mammals, birds and 
reptiles. In yet another embodiment, the subject can include 
a domesticated animal. Any of the methods disclosed herein 
may be used in combination With other antifungal agents or 
therapies to treat a subject in order to achieve the desired 
results. 

[0042] In another embodiment, it is contemplated that a 
subject can be vaccinated and/or treated using a composition 
against a fungal pathogen disclosed herein before infection, 
during infection, after infection or combination thereof. In 
one particular embodiment, a composition disclosed herein 
may be used to vaccinate a subject against a particular fungal 
organism to reduce the risk of a fungal infection in the 
subject. In another embodiment, a composition disclosed 
herein may be used to vaccinate a subject against one or 
more fungal organisms to reduce the risk of a fungal 
infection in the subject. In certain embodiments, a vaccine 
containing non-viable fungal cells of one fungal type When 
administered to a subject may reduce the onset or progres 
sion of fungal infection of one or more additional fungal 
types in the subject. 

[0043] In certain embodiments of the present invention, a 
vaccine or treatment of use in a subject can contain non 
viable fungal cells Where the fungal cells are transgenic, 
non-transgenic or a combination thereof. Transgenic cells of 
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the present invention may include an oligonucleotide. In 
certain examples, the oligonucleotide can encode one or 
more peptides or proteins. 

Advantages 
[0044] Approaches disclosed herein have several advan 
tages over current fungal vaccines. First, the fungal cells 
expressing each fungal protein may be engineered so that it 
is not secreted but rather is retained intracellularly. This 
likely obviates the need for large amounts of recombinant 
fungal antigen protein to be produced and puri?ed, ulti 
mately under cGMP conditions. Second, fungal cells are 
easily transformed and manipulated. Third, putative anti 
gens can be tested rather inexpensively and ineffective 
antigens can be eliminated quickly. Fourth, Whole, heat 
killed yeast as a vaccine delivery vehicle is novel and 
presents antigens directly to dendritic cells to induce the 
immune system. Fifth, several individual antigen-expressing 
yeast strains can be mixed to form a vaccine, a possibility 
not readily available to current vaccine projects. Sixth, the 
yeast-based vaccine technology has each of the character 
istics of a successful vaccine: generates a productive 
immune response; not neutralized; capable of generating a 
response to multiple epitopes; and stable and easy to manu 
facture. 

[0045] One example of a bene?cial therapeutic or a vac 
cine might consist of a vector With no pathogenic potential 
that can deliver several antigens to antigen-presenting cells 
(APCs). The use of recombinant yeast proves to be an ideal 
vector for vaccine development. In one embodiment, a 
vaccine contemplated herein could consist of a vector With 
no pathogenic potential that can deliver several antigens to 
APCs. In this regard, the use of recombinant yeast proves to 
be an ideal vector for vaccine development. The yeast 
Saccharomyces cerevisiae is avidly taken up by professional 
APCs, such as neutrophils, macrophages and dendritic cells. 
Multiple antigens can be engineered for expression Within a 
single yeast formulation, and these formulations share many 
advantages With DNA vaccines, including ease of construc 
tion, loW expense of mass production and biological stabil 
ity. Unlike DNA vaccines, yeast-based vaccine formulations 
do not require extensive puri?cation to remove potentially 
toxic contaminants. Furthermore, While the FDA has not 
evaluated yeast as a vaccine vector, the organism S. cerevi 
siae is designated by the FDA as GRAS (Generally 
RegardedAs Safe, FDA Proposed Rule 62FR1 8938, Apr. 17, 
1997). As described beloW, the heterologous proteins 
expressed in recombinant yeast serve as antigens that elicit 
CD8+ CTL-mediated immune responses in vitro and in vivo. 
In animal trials as a tumor vaccine, the yeast formulation 
Was successful at protecting vaccinated animals from tumor 
groWth (refer to FIGS. 4, 7, 11 and 12 as examples of animal 
model testing). 

[0046] In another embodiment, it is contemplated that 
additional immunogens for in vivo ef?cacy may be tested 
using methods disclosed herein. 

[0047] In addition, it is contemplated that the immunogens 
may be of a single formulation or a combination formula 
tion. To test a formulation, immunocompetent animals or 
immuncompromised animals may be used in order to assess 
What formulation may be used to treat a subject. The test can 
include vaccination and then a challenge of the vaccination. 
In another embodiment, the appropriate dose of any dis 
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closed therapeutic or vaccine may be determined by the 
methods disclosed herein including, but not limited to opti 
mum formulation, the appropriate number of treatments or 
vaccinations and the optimum time for treatment or vacci 
nations in order to instill maximum treatment or protection 
against a given organism. 

[0048] In certain embodiments, methods and composi 
tions disclosed herein are directed toWard making and using 
an anti-fungal vaccine or anti-fungal treatment. Fungal 
organisms targeted in the present invention include, but are 
not limited to, Saccharomyces spp., Aspergillus spp. Cryp 
lococcus spp., Coccidioides spp., Neurospora spp., Histo 
plasma spp., Blaslomyces spp., and a combination thereof. 

Aspergillus 

[0049] In certain embodiments of the present invention, 
methods, compositions and treatments for a fungal organism 
infection can concern treatment for or prevention of an 
Aspergillus associated-condition. The most common species 
of Aspergillus causing invasive disease include A. fumiga 
Zus, A. ?avus, A. niger, A. Zerreus and A. nidulans. A. 
fumigalus is the most frequently found fungus in airborne 
spore surveys. A. fumigalus pneumonia and systemic 
aspergillosis occur primarily in patients Who have immuno 
suppression or T-cell or phagocytic impairment. The immu 
node?ciency detected in these patients may be congenital, 
acquired or iatrogenic. Patients With chronic granulomatous 
diseases, neutrophil dysfunction, and With severe immuno 
de?ciency are at risk for the development of this predomi 
nantly fatal infection. Although no important protective 
antibody response Was detected, CD4+ Th1 cytokines 
appear to be important in rendering protection in these 
patients. In one embodiment of the present invention, a 
subject having or suspected of developing a disease derived 
from an Aspergillus species can be administered a compo 
sition disclosed herein. In one particular embodiment, a 
subject having or suspected of developing a disease derived 
from an Aspergillus species can be administered a compo 
sition including heated, transformed or non-transformed 
fungi for example, heated Aspergillus fungi. 

[0050] Three main types of diseases are attributed to A. 
fumigalus; these include asthma, aspergillomas and invasive 
aspergillosis. The most serious disease involves invasion of 
hosts With predisposing underlying conditions. Patients 
undergoing organ transplants, bone marroW transplants, 
leukemics, or cancer chemotherapy are particularly at risk 
for invasive aspergillosis. Aspergillosis is often diagnosed 
When there is an unexplained pulmonary in?ltrate, a patient 
is unresponsive to antibacterials and/or there is a fever of 
unknoWn origin. The prognosis for patients With invasive 
disease is high (mortality rates >50%) due to the lack of a 
rapid diagnostic test con?rming A. fumigalus infection and 
the lack of safe and effective antifungal drugs. 

Coccidioides 

[0051] Coccidioidomycosis, also knoWn as San Joaquin 
Valley Fever, is a fungal disease caused by Coccidioides 
immilis that is endemic in portions of Southern AriZona, 
central California, southern NeW Mexico and West Texas. At 
least 100,000 neW cases are reported each year. The migra 
tion of not only permanent residents, but also agricultural 
Workers to these areas increases exposure to Coccidioides 
spp. spores that lie dormant in the soil, and as the soil is 
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disturbed, the spores become airborne and are inhaled. Once 
in the lungs, the arthroconidia transform into spherules. An 
acute respiratory infection occurs betWeen seven days to 
three Weeks after exposure and often resolves rapidly. HoW 
ever, in a signi?cant number of cases, chronic pulmonary 
conditions or dissemination to the meninges, bones, and 
joints can result, leading to acute, life-threatening disease. 
Migrant laborers Who are exposed to Coccidioides spp. are 
a highly mobile and underrepresented population, and unfor 
tunately, this disease is under-reported and receives insuf 
?cient attention from the general medical community. A 
variety of approaches have been used to ?ght coccidioido 
mycosis, including soil treatments, but only a vaccine can 
completely eliminate this “emerging disease.” 

Cellular Defenses Against Coccidioides spp. 

[0052] Polymorphonuclear leukocytes (PMNs) are only 
able to partially inhibit groWth of the pathogen, and are 
unable to kill the organism. PMNs are slightly more effec 
tive in inhibiting groWth of arthroconidia than mature spher 
ules. Since mature fungal spherules are typically 40-120 um 
in diameter, a single PMN is unable to phagocytose the 
fungal cell. Endospores, on the other hand, are more sensi 
tive to groWth inhibition by these host cells. Most investi 
gators of cellular immune response to Coccidioides spp. 
believe that macrophages are the pivotal effector cells in 
coccidioidomycosis. This concept has arisen from the gen 
eral paradigm for granulomatous diseases: activated T-lym 
phocytes secrete cytokines, Which activate macrophages, 
inducing the formation of a granuloma, Which kills or 
contains the organism. As the spherule develops and 
matures, it becomes more resistant to macrophages, so that 
less than 10% of mature spherules are killed. It has been 
suggested that speci?c immunologic suppression elicited by 
Coccidioides spp. antigens prevents an effective T-cell 
response. 

Cryplococcosis 

[0053] In certain embodiments of the present invention, 
methods, compositions and treatments for a fungal organism 
infection can concern treatment for or prevention of a 

Cryplococcosis-associated condition. C. neoformans can be 
an intracellular as Well as an extracellular pathogen. It is 
easily found extracellularly in cerebral spinal ?uid and lung 
tissue. It can also be localiZed inside macrophages and 
neutrophils Where it has been shoWn to replicate. 

[0054] Antibody and cell-mediated responses can provide 
important protection even against an intracellular pathogen. 
The mammalian host has several defenses against C. neo 
formans that include components from innate, humoral, and 
cell-mediated immunity. Subjects are continually exposed to 
C. neoformans from the environment, a poWerful innate 
immunity represents part of the protection afforded the 
normal host. This appears to be inherent in normal mac 
rophage, monocyte, and neutrophil function. 

[0055] Vaccination against cryptococcosis presents the 
innovative idea of not only aiming to protect an immuno 
compromised population, but also possibly expecting an 
immune response in that population. In one embodiment, a 
vaccine against cryptococcosis is contemplated for example, 
to treat a non-immunosuppressed or immunosuppressed 
subject. In one particular example, immunosuppressed 
patients such as HIV patients are contemplated. In accor 
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dance With this embodiment, an HIV patient may be vacci 
nated immediately after diagnosis, but before their CD4+ T 
cell population decreases. 

[0056] In other embodiments, any of the vaccines detailed 
herein may be directed toWards other fungal organisms, for 
example, Coccidioides and Aspergillus. It is contemplated 
herein that any fungal pathogen disclosed may have one or 
more virulence factors Which may include surface proteins, 
cell-Wall carbohydrates, secreted factors, anchored surface 
molecules, modes of action to invade a host, etc. Any 
virulence factor associated With a fungal pathogen may be 
used herein as a potential target to transform yeast or other 
fungi of the present invention to generate a vaccine against 
that fungal pathogen. 

[0057] In certain embodiments of the present invention, 
the fungal cells comprise transgenic cells, non-transgenic 
cells or a combination thereof. In other embodiments, the 
fungal cells can include, but are not limited to, Saccharo 
myces spp., Aspergillus spp., Cryplococcus spp., Coccidio 
ides spp., Neurospora spp., Hisloplasma spp., Blaslomyces 
spp., and a combination thereof. 

[0058] In certain particular embodiments, Saccharomyces 
spp. cells can be spores, vegetative cells, germlings, or a 
combination thereof. In other embodiments, the Neurospora 
spp. cells can be vegetative hyphae, aerial hyphae, macro 
conidia, germinating macroconidia, microconidia, germinat 
ing microconidia, ascospores, germinating ascospores, or a 
combination thereof. 

Recombinant Yeast as an Antigen Delivery System 

[0059] In one example, a yeast vaccine formulation 
directly accesses DCs, the critical immune responsive cells 
of the body. In order for DCs to present antigens ef?ciently 
to naive T cells, immature DCs must be activated to mature, 
as evidenced by the up-regulation of MHC and co-stimula 
tory molecules. Mature DCs are then capable of prolonged 
antigen presentation and the production of cytokines, such 
as IL-l2, that are critical for the induction of cellular 
immune responses. Uptake of yeast by DCs increased sur 
face expression of the co-stimulatory molecules CD40, 
CD80 and CD86, MHC class II, and the adhesion molecule 
ICAM, to levels comparable to that induced by exposure to 
bacterial lipopolysaccharide (LPS), a potent DC maturation 
factor. As further evidence of yeast-induced activation, DCs 
incubated With yeast produced signi?cant amounts of IL-l2 
that rivalled levels induced by exposure to LPS. These 
results shoW that yeast trigger DC maturation, responses that 
Would be essential for vaccine-induced immunity. 

[0060] It has been shoWn that certain yeast vaccine tech 
nology can be formulated With a variety of antigens, includ 
ing 5 from HIV, 3 from Hepatitis B, 1 from Hepatitis C, and 
2 from lung cancer cells and, in each case, the yeast 
expressed antigen effectively stimulated protective cell 
mediated immunity. In addition, yeast as a vaccine vehicle 
provides an adjuvant effect, such that dendritic cells are 
triggered to directly take up yeast, causing the DCs to 
mature and to present the yeast-associated antigens to the 
host immune system. Further, recent results have shoWn that 
heat-killed yeast cells expressing putative antigens are as 
immunogenic and protective as live yeast cells expressing 
putative antigens. In addition, yeast cells expressing anti 
gens elicited Thl responses. Therefore, recombinant-yeast 
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vaccine formulations may elicit systemic, antigen-speci?c, 
CD4 and CD8-based protective immunity. Also, DCs have 
been shown to internalize yeast and present recombinant 
antigens to naive class I and class II MHC-restricted T cells. 
It has been shoWn that yeast exhibit adjuvant activity for DC 
maturation and immune signalling. Yeast might be providing 
an adjuvant effect to promote immune responses to the 
yeast-associated antigens. These results shoW that i) yeast 
uptake triggers DC maturation; ii) yeast-expressed recom 
binant antigens are e?iciently presented by MHC class I and 
MHC class II pathWays of DCs, and, iii) yeast provides an 
adjuvant effect to enhance DC-stimulation of naive T cells. 

[0061] In another example, a CD8-dependent protective 
immunity has been elicited in vaccinated mice. For example, 
EL-4 CD4+ T lymphoma cells (H-2b) transfected With cDNA 
encoding chicken ovalbumin (E.G7-OVA) and ovalbumin 
expressing melanoma (B16-OVA) mouse tumor models 
have been employed to test vaccine candidates that induce 
protective CTL response. Mice vaccinated With OVAX, but 
not mock-vaccinated animals, Were protected from E.G7 
OVA or B16-OVA tumor formation. Protective immunity 
Was CD8-dependent, since OVAX-vaccinated animals Were 
not protected from tumor challenge in CD8_/_ knockout 
mice. 

Kits 

[0062] In still further embodiments, the present invention 
concerns kits for the methods described herein. In one 

embodiment, a fungal organism treatment or (such as a 
pathogenic or non-pathogenic fungus) prevention kit is 
contemplated. In another embodiment, a kit for prophylactic 
treatment of a subject having or suspected of developing a 
fungal infection is contemplated. In a more particular 
embodiment, a kit for prevention or treatment of a subject 
having or suspected of developing a fungal-induced infec 
tion is contemplated. In accordance With this embodiment, 
the kit may be used to treat or vaccinate a subject for or 
against a fungal infection. 

[0063] The kits may include a composition including at 
least a portion of a non-viable fungus Within a tube, a vial 
or other suitable vessel. In addition, the kit may include one 
or more dose(s) of the composition for administration to a 
subject having or exposed to a fungal organism infection by 
a healthcare provider. In another embodiment, the kit may be 
a portable kit for use at a speci?ed location outside of a 
healthcare facility. 

[0064] The container means of any of the kits Will gener 
ally include at least one vial, test tube, ?ask, bottle, syringe 
or other container means, into Which the testing agent, may 
be preferably and/or suitably aliquoted. 

Nucleic Acids 

[0065] In various embodiments, isolated nucleic acids 
may be used to modify or transform a fungal organism 
contemplated in the present invention. The isolated nucleic 
acid may be derived from genomic DNA, RNA or comple 
mentary DNA (cDNA). In other embodiments, isolated 
nucleic acids, such as chemically or enZymatically synthe 
siZed DNA, may be of use for generation of oligonucleotides 
for transformation of a fungal organism. 

[0066] A “nucleic acid” includes single-stranded and 
double-stranded molecules, as Well as DNA, RNA, chemi 
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cally modi?ed nucleic acids and nucleic acid analogs. It is 
contemplated that a nucleic acid may be of 3, 4, 5, 6, 7, 8, 
9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 
25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 
41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 
57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 
73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 
89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, about 110, 
about 120, about 130, about 140, about 150, about 160, 
about 170, about 180, about 190, about 200, about 210, 
about 220, about 230, about 240, about 250, about 275, 
about 300, about 325, about 350, about 375, about 400, 
about 425, about 450, about 475, about 500, about 525, 
about 550, about 575, about 600, about 625, about 650, 
about 675, about 700, about 725, about 750, about 775, 
about 800, about 825, about 850, about 875, about 900, 
about 925, about 950, about 975, about 1000, about 1100, 
about 1200, about 1300, about 1400, about 1500, about 
1750, about 2000 or greater nucleotide residues in length, up 
to a full length protein encoding or regulatory genetic 
element. 

Construction of Nucleic Acids 

[0067] Isolated nucleic acids may be made by any method 
knoWn in the art, for example using standard recombinant 
methods, synthetic techniques, or combinations thereof. In 
some embodiments, the nucleic acids may be cloned, ampli 
?ed, or otherWise constructed. 

[0068] Nucleic acids of use in the present invention may 
include oligonucleotides that include at least a portion of 
sequences from a virulence factor (e.g., including but not 
limited to, antigen-2/proline rich antigen, hemolysin, aspf2, 
dpp5, dpp4, chitin deacetylase, catalase), a disease-associ 
ated factor (e. g., tumor associated antigens, cytokines, viral 
associated antigens, bacterial-associated antigens) or other 
peptides or proteins. In another example, a multi-cloning site 
comprising one or more endonuclease restriction sites may 
be added. A nucleic acid may be attached to a vector, 
adapter, or linker for cloning of a nucleic acid. Additional 
sequences may be added to such cloning and sequences to 
optimiZe their function, to aid in isolation of the nucleic acid, 
or to improve the introduction of the nucleic acid into a cell. 
Use of cloning vectors, expression vectors, adapters, and 
linkers is Well knoWn in the art. 

Recombinant Methods for Constructing Nucleic Acids 

[0069] Isolated nucleic acids may be obtained from fun 
gal, bacterial, viral or other sources using any number of 
cloning methodologies knoWn in the art. In some embodi 
ments, oligonucleotide probes Which selectively hybridiZe, 
under stringent conditions, to the nucleic acids are used to 
identify a sequence of interest. Methods for construction of 
nucleic acid libraries are knoWn and any such knoWn 
methods may be used. (See, e.g., Current Protocols in 
Molecular Biology, Ausubel, et al., Eds., Greene Publishing 
and Wiley-Interscience, NeW York (1995); Sambrook, et al., 
Molecular Cloning: A Laboratory Manual, 2nd Ed., Cold 
Spring Harbor Laboratory Vols. 1-3 (1989); Methods in 
EnZymology, Vol. 152, Guide to Molecular Cloning Tech 
niques, Berger and Kimmel, Eds., San Diego: Academic 
Press, Inc. (1987)). 
Nucleic Acid Screening and Isolation 

[0070] Genomic DNA, RNA or cDNA may be screened 
for the presence of an identi?ed genetic element of interest 
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using a probe based upon one or more sequences. Various 
degrees of stringency of hybridization may be employed in 
the assay. As the conditions for hybridization become more 
stringent, there must be a greater degree of complementarity 
betWeen the probe and the target for duplex formation to 
occur. The degree of stringency may be controlled by 
temperature, ionic strength, pH and/or the presence of a 
partially denaturing solvent such as formamide. For 
example, the stringency of hybridiZation is conveniently 
varied by changing the concentration of formamide Within 
the range of 0% to 50%. The degree of complementarity 
(sequence identity) required for detectable binding Will vary 
in accordance With the stringency of the hybridiZation 
medium and/ or Wash medium. 

[0071] High stringency conditions for nucleic acid hybrid 
iZation are Well knoWn in the art. For example, conditions 
may comprise loW salt and/or high temperature conditions, 
such as provided by about 0.02 M to about 0.15 M NaCl at 
temperatures of about 500 C. to about 700 C. Other exem 
plary conditions are disclosed in the folloWing Examples. It 
is understood that the temperature and ionic strength of a 
desired stringency are determined in part by the length of the 
particular nucleic acid(s), the length and nucleotide content 
of the target sequence(s), the charge composition of the 
nucleic acid(s), and to the presence or concentration of 
formamide, tetramethylammonium chloride or other sol 
vent(s) in a hybridiZation mixture. Nucleic acids may be 
completely complementary to a target sequence or may 
exhibit one or more mismatches. 

Nucleic Acid Ampli?cation 

[0072] Nucleic acids of interest may also be ampli?ed 
using a variety of knoWn ampli?cation techniques. For 
instance, polymerase chain reaction (PCR) technology may 
be used to amplify target sequences directly from RNA or 
cDNA. PCR and other in vitro ampli?cation methods may 
also be useful, for example, to clone nucleic acid sequences, 
to make nucleic acids to use as probes for detecting the 
presence of a target nucleic acid in samples, for nucleic acid 
sequencing, or for other purposes. Examples of techniques 
of use for nucleic acid ampli?cation are found in Berger, 
Sambrook, and Ausubel, as Well as Mullis et al., U.S. Pat. 
No. 4,683,202 (1987); and, PCR Protocols A Guide to 
Methods and Applications, Innis et al., Eds., Academic Press 
Inc., San Diego, Calif. (1990). PCR-based screening meth 
ods have been disclosed. (See, e.g., Wil?nger et al. Bio 
Techniques, 22(3): 481-486 (1997)) 

Synthetic Methods for Constructing Nucleic Acids 

[0073] Isolated nucleic acids may be prepared by direct 
chemical synthesis by methods such as the phosphotriester 
method of Narang et al., Meth. EnZymol. 68:90-99 (1979); 
the phosphodiester method of BroWn et al., Meth. EnZymol. 
68:109-151 (1979); the diethylphosphoramidite method of 
Beaucage et al., Tetra. Lett. 22:859-1862 (1981); the solid 
phase phosphoramidite triester method of Beaucage and 
Caruthers, Tetra. Letts. 22(20):1859-1862 (1981), using an 
automated synthesiZer as in Needham-VanDevanter et al., 
Nucleic Acids Res., 12:6159-6168 (1984); or by the solid 
support method of Us. Pat. No. 4,458,066. Chemical syn 
thesis generally produces a single stranded oligonucleotide. 
This may be converted into double stranded DNA by hybrid 
iZation With a complementary sequence, or by polymeriZa 
tion With a DNA polymerase using the single strand as a 
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template. While chemical synthesis of DNA is best 
employed for sequences of about 100 bases or less, longer 
sequences may be obtained by the ligation of shorter 
sequences. 

Covalent Modi?cation of Nucleic Acids 

[0074] Avariety of cross-linking agents, alkylating agents 
and radical generating species may be used to bind, label, 
detect, and/ or cleave nucleic acids. For example, Vlassov, V. 
V., et al., Nucleic Acids Res (1986) 14:4065-4076, disclose 
covalent bonding of a single-stranded DNA fragment With 
alkylating derivatives of nucleotides complementary to tar 
get sequences. A report of similar Work by the same group 
is that by Knorre, D. G., et al., Biochimie (1985) 67:785 
789. Iverson and Dervan also shoWed sequence-speci?c 
cleavage of single-stranded DNA mediated by incorporation 
of a modi?ed nucleotide Which Was capable of activating 
cleavage (J Am Chem Soc (1987) 109:1241-1243). Meyer, 
R. B., et al., J Am Chem Soc (1989) 111:8517-8519 disclose 
covalent crosslinking to a target nucleotide using an alky 
lating agent complementary to the single-stranded target 
nucleotide sequence. A photoactivated crosslinking to 
single-stranded oligonucleotides mediated by psoralen Was 
disclosed by Lee, B. L., et al., Biochemistry (1988) 27:3197 
3203. Use of crosslinking in triple-helix forming probes Was 
also disclosed by Home, et al., J Am Chem Soc (1990) 
112:2435-2437. Use of N4, N4-ethanocytosine as an alky 
lating agent to crosslink to single-stranded oligonucleotides 
has also been disclosed by Webb and Matteucci, J Am Chem 
Soc (1986) 108:2764-2765; Nucleic Acids Res (1986) 
14:7661-7674; FeteritZ et al., J. Am. Chem. Soc. 113:4000 
(1991). Various compounds to bind, detect, label, and/or 
cleave nucleic acids are knoWn in the art. See, for example, 
U.S. Pat. Nos. 5,543,507; 5,672,593; 5,484,908; 5,256,648; 
and, 5,681,941. 
Nucleic Acid Labeling 

[0075] In various embodiments, tag nucleic acids may be 
used to trace or identify a particular nucleic acid sequence 
contemplated herein. A number of different labels may be 
used, such as ?uorophores, chromophores, radio-isotopes, 
enZymatic tags, antibodies, chemiluminescent, electrolumi 
nescent, af?nity labels, etc. One of skill in the art Will 
recogniZe that these and other label moieties not mentioned 
herein can be used. Examples of enZymatic tags include 
urease, alkaline phosphatase or peroxidase. Colorimetric 
indicator substrates can be employed With such enZymes to 
provide a detection means visible to the human eye or 
spectrophotometrically. A Well-knoWn example of a chemi 
luminescent label is the luciferin/luciferase combination. 

[0076] In certain embodiments, the label may be a ?uo 
rescent, phosphorescent or chemiluminescent label. Exem 
plary photodetectable labels may be selected from the group 
consisting of Alexa 350, Alexa 430, AMCA, aminoacridine, 
BODIPY 630/650, BODIPY 650/665, BODIPY-FL, 
BODIPY-R6G, BODIPY-TMR, BODIPY-TRX, 5-carboxy 
4',5'-dichloro-2',7'-dimethoxy ?uorescein, 5-carboxy-2',4', 
5',7'-tetrachloro?uorescein, 5-carboxy?uorescein, 5-carbox 
yrhodamine, 6-carboxyrhodamine, 6-carboxytetramethyl 
amino, Cascade Blue, Cy2, Cy3, Cy5,6-FAM, dansyl chlo 
ride, Fluorescein, HEX, 6-JOE, NBD (7-nitrobenZ-2-oxa-1, 
3-diaZole), Oregon Green 488, Oregon Green 500, Oregon 
Green 514, Paci?c Blue, phthalic acid, terephthalic acid, 
isophthalic acid, cresyl fast violet, cresyl blue violet, bril 
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liant cresyl blue, para-aminobenZoic acid, erythrosine, 
phthalocyanines, aZomethines, cyanines, xanthines, succi 
nyl?uoresceins, rare earth metal cryptates, europium trisbi 
pyridine diamine, a europium cryptate or chelate, diamine, 
dicyanins, La Jolla blue dye, allopycocyanin, allococyanin 
B, phycocyanin C, phycocyanin R, thiamine, phycoerythro 
cyanin, phycoerythrin R, REG, Rhodamine Green, 
rhodamine isothiocyanate, Rhodamine Red, ROX, TAMRA, 
TET, TRIT (tetramethyl rhodamine isothiol), Tetramethyl 
rhodamine, and Texas Red. These and other labels are 
available from commercial sources, such as Molecular 
Probes (Eugene, Oreg.). 

[0077] In certain embodiments, it is contemplated that a 
vaccine Will be administered to a subject for vaccination 
against and/or treatment of a fungal infection. It is also 
contemplated herein that any of the vaccines disclosed may 
be administered to a subject having or suspected of devel 
oping a condition due to exposure or potential exposure to 
a fungal pathogen. In one embodiment, a subject may 
include a human. In other embodiments a subject may 
include other mammals, birds, and reptiles. Any of the 
methods disclosed herein may be used in combination With 
other anti-fungal agents or therapies to treat a subject in 
order to achieve the desired results. 

[0078] In another embodiment, it is contemplated that a 
subject can be vaccinated and/or treated using a composition 
against a fungal pathogen disclosed herein before infection, 
during infection, after infection or combination therefore of. 
In one particular embodiment, a composition disclosed 
herein may be used to vaccinate a subject against a particular 
fungal organism to reduce the risk of a fungal infection in the 
subject. In another embodiment, a composition disclosed 
herein may be used to vaccinate a subject against one or 
more fungal organism to reduce the risk of a fungal infection 
in the subject. In certain embodiments, a vaccine containing 
non-viable fungal cells of one fungal type When adminis 
tered to a subject may reduce the onset or progression of 
fungal infection of another fungal type in the subject. 

[0079] Exemplary Dosing: In one embodiment, a dose 
may consist of around l><l07 yeast cells to 20><l07 yeast cells 
per dose. And may be given before infection, during infec 
tion, after infection or a combination therefore of The dose 
may be given daily, every other day, biWeekly, Weekly, 
seasonally or yearly until a desired effect is achieved. 

[0080] A composition of the present invention may be 
administered to a subject in an appropriate carrier or diluent 
or pharmaceutically acceptable carrier, co-administered With 
enZyme inhibitors or in an appropriate carrier such as 
liposomes. The term “pharmaceutically acceptable carrier” 
as used herein is intended to include diluents such as saline 
and aqueous buffer solutions. To administer a compound that 
stimulates an immune response by other than parenteral 
administration, it may be necessary to coat the compound 
With, or co-administer the compound With, a material to 
prevent its inactivation. EnZyme inhibitors include pancre 
atic trypsin inhibitor, diisopropyl?uorophosphate (DEP) and 
trasylol. Liposomes include Water-in-oil-in-Water emulsions 
as Well as conventional liposomes. The active agent may 
also be administered parenterally or intraperitoneally. Dis 
persions can also be prepared in glycerol, liquid polyethyl 
ene glycols, and mixtures thereof and in oils. Under ordinary 
conditions of storage and use, these preparations may con 
tain a preservative to prevent the groWth of microorganisms. 
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[0081] Pharmaceutical compositions suitable for inject 
able use include sterile aqueous solutions (Where Water 
soluble) or dispersions and sterile poWders for the extem 
poraneous preparation of sterile injectable solutions or dis 
persion. In all cases, the composition must be sterile and 
must be ?uid to the extent that easy syringability exists. It 
must be stable under the conditions of manufacture and 
storage and must be preserved against the contaminating 
action of microorganisms such as bacteria. The pharmaceu 
tically acceptable carrier can be a solvent or dispersion 
medium containing, for example, Water, ethanol, polyol (for 
example, glycerol, propylene glycol, and liquid polyethey 
lene glycol, and the like), and suitable mixtures thereof. The 
proper ?uidity can be maintained, for example, by the use of 
a coating such as lecithin, by the maintenance of the required 
particle siZe in the case of dispersion and by the use of 
surfactants. Prevention of microorganisms can be achieved 
by various antibacterial and antifungal agents (i.e., parabens, 
chlorobutanol, phenol, ascorbic acid, thimerosal, and the 
like). In many cases, it Will be preferable to include isotonic 
agents, for example, sugars, polyalcohols such as manitol, 
sorbitol, sodium chloride in the composition. A compound 
such as aluminum monostearate and gelatin can be included 
to prolong absorption of the injectable compositions. 

[0082] Sterile injectable solutions can be prepared by 
incorporating active compound in the required amount in an 
appropriate solvent With one or a combination of ingredients 
enumerated above, as required, folloWed by ?ltered steril 
iZation. Generally, dispersions are prepared by incorporating 
the active compound into a sterile vehicle that contains a 
dispersion medium and other required ingredients from 
those enumerated above. In the case of sterile poWders for 
the preparation of sterile injectable solutions, the preferred 
methods of preparation are vacuum drying and freeze-drying 
Which yields a poWder of the active ingredient (i.e., a 
chemical agent, antibody, etc.) plus any additional desired 
ingredient from a previously sterile-?ltered solution thereof 

[0083] When the active agent is suitably protected, as 
described above, the composition may be orally adminis 
tered (or otherWise indicated), for example, With an inert 
diluent or an assimilable edible carrier. It is especially 
advantageous to formulate parenteral compositions in dos 
age unit form for ease of administration and uniformity of 
dosage. Dosage unit form as used herein refers to physically 
discrete units suited as unitary dosages for the mammalian 
subjects to be treated; each unit containing a predetermined 
quantity of compound such as non-viable fungal cells cal 
culated to produce the desired therapeutic effect in associa 
tion With the required pharmaceutical carrier. 

[0084] If needed for a particular use, the biological mate 
rial can be extensively dialyZed to remove undesired small 
molecular Weight molecules and/or lyophiliZed for more 
ready formulation into a desired vehicle, Where appropriate. 
The active compounds Will then generally be formulated for 
parenteral administration (i.e., formulated for injection via 
the intravenous, intramuscular, sub-cutaneous, intralesional, 
or even intraperitoneal routes). The preparation of an aque 
ous composition that contains an active component or ingre 
dient Will be knoWn. Typically, such compositions can be 
prepared as injectables, either as liquid solutions or suspen 
sions; solid forms suitable for use in preparing solutions or 






































































