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(57) ABSTRACT

A vaccine 1s disclosed that promotes CD4+ T cell-indepen-
dent host defense mechanisms to defend against infection by
tungi such as Preumocystis spp. The vaccine may be used to
prevent or to treat fungal infections. The novel vaccine can
provide protective immunity, even for immunocompromised
individuals such as HIV patients having reduced levels of

CD4+ T cells.
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KEXIN-DERIVED VACCINES TO PREVENT
OR TREAT FUNGAL INFECTIONS

[0001] This application 1s a continuation of U.S. patent
application Ser. No. 13/521,621, filed Nov. 12, 2012, which
1s a § 371 National Stage Application of PCT application
PCT/US11/20170, filed Jan. 5, 2011, which claims the
benefit of the Jan. 12, 2010 filing date of U.S. provisional
patent application Ser. No. 61/294,252 1s claimed under 335
U.S.C. § 119(e) 1n the United States, and 1s claimed under
applicable treaties and conventions in all countries.

[0002] The specification incorporates by reference the

Sequence Listing submitted herewith via EFS on Aug. 3,
2013. Pursuant to 37 C.ER. § 1.52(e)(5), the Sequence

Listing text file, identified as 072396_03528_ Sequence_L is-
ting.txt, 1s 9,546 bytes and was created on Aug. 5, 2013. The
Sequence Listing, electronically filed herewith, does not
extend beyond the scope of the specification and thus does
not contain new matter.

[0003] This invention was made with government support
under grant PO1-HLO76100 awarded by the National Insti-

tutes of Health. The United States Government has certain
rights in this invention.

TECHNICAL FIELD

[0004] This invention pertains to certain proteins derived
from kexin, nucleic acids encoding those proteins, and the
use of the proteins or nucleic acids as vaccines, for example
as vaccines against Preumocystis jerovici or other Preumo-

Cystis spp.

BACKGROUND ART

Epidemiology of Preumocystis Infection

[0005] Despite advances in highly active anti-retroviral
therapy (HAART), opportunistic pulmonary infection with
Preumocystis (PC) remains the most common opportunistic
infection for HIV patients. Indeed, Preumocystis pneumonia
(PCP) 1s the index infection for 25-40 percent of AIDS
cases. In patients with established AIDS, prophylactic regi-
mens have decreased the overall incidence of PCP, but 1n
most patients this means that PCP 1s delayed rather than
climinated. For example, in patients with CD4 counts below
200/ul who are on recommended prophylactic regimens,
there 1s still approximately an 18% risk of active PCP
infection over a 36 month period. The widespread use of
PCP prophylaxis also means that more than 80% of PCP
cases 1n the U.S. are now “breakthrough™ cases. Moreover,
one study of high-risk children found that the incidence of
PCP had not declined despite efforts to identity HIV-infected
infants and to initiate PCP prophylaxis for them.

[0006] There 1s a strong correlation between a higher
CD4+ T cell count and a lower risk of PCP. Where HAART

1s successiul, as shown by an increase 1n a patient’s CD4+
T-cell count above 200/ul, available data suggest that PCP
prophylaxis can be safely discontinued. Unfortunately, not
all AIDS patients respond to HAART, and drug resistance 1s
emerging. PCP 1s still a serious clinical problem 1n the third
decade of the HIV epidemic. There 1s an unfilled need for
improved methods for PCP prevention and treatment.

[0007] In AIDS the depletion or dysiunction of CD4+

lymphocytes not only hinders the patient’s immune response
to infection, 1t also reduces or eliminates the ability to safely
and eflectively vaccinate a patient against PCP. Preumocys-
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tis 1s a genus of fungi that 1s found in the respiratory tracts
of many mammals and humans Preumocystis infection 1s
casily defended by a healthy immune system. The symptoms
of PCP infection include pneumonia, fever, and respiratory
symptoms such as dry cough, chest pain and dyspnea.
Currently, antibiotics are the preferred method of treatment,
along with corticosteroids 1n some severe cases. The most
popular antibiotic, and the accepted benchmark for eflicacy
1s Trimethoprim-sulfamethoxazole (TMP-SMX). Alterna-
tive antibiotics are also available due to the severe allergic
reactions that some people have to TMP-SMX. Studies have
shown that individuals who are on highly active antiretro-
viral therapies (HAART), and who have CD4+ T-cell counts
above a threshold of about 200 cells/mm” have a sufficient
immune response to defend against PCP infection without
antibiotics. Prophylaxis 1s recommended for HIV-positive
individuals once their CD4+ T cell count falls below 200
cells/'mm>, and is also recommended for other severely
immunocompromised patients such as transplant patients or
leukemia patients. Drug prophylaxis reduces the incidence
of PCP and lengthens the disease free intervals between
episodes. However, the most effective prophylactic treat-
ment, TMP-SMX, has a high rate of adverse etlects. Second-
line drugs may be used, but they typically have serious side
cllects and generally are less eflective.

[0008] PCP infection will occur in approximately 15%-
28% of individuals with AIDS 1n a given year. Within the
population of HIV/AIDS patients with PCP, the mortality
rate 1s between 10%-20%. An estimated 1 million people
worldwide suffer from PCP, while another 5 million people
are treated prophylactically to prevent the disease. Definitive
diagnosis of Preumocystis pneumonia 1s relatively complex,
requiring microscopy of tissues or tluids. As PCP prophy-
laxis and HAART become more widespread, the incidence
of PCP has declined 1n populations where infection can be
properly diagnosed and treatment can be admimstered. Stud-
ies suggest that the low prevalence figures reported from
developing countries may simply reflect the lack of adequate
infrastructure to properly diagnose PCP.

[0009] Organ transplant recipients are also at risk for PCP
infection. Transplant recipients take regimens of anti-rejec-
tion drugs that function by suppressing the immune system.
The overall mcidence of PCP 1n solid organ transplant
recipients not taking PCP prophylaxis 1s about 5%, with the
highest 1ncidence following liver, heart, and lung trans-
plants. The most common prophylaxis currently used for
organ transplant patients 1s TMP-SMX, or aerosolized pen-
tamidine 1 TMP-SMX 1s not tolerated by the patient.

[0010] Most currently available antibiotic treatments have
mild to severe side eflects, leaving an unfilled need for
alternative treatments. Additionally, antibiotic-resistant
Preumocystis are emerging, in part because some patients
cease treatment due to allergic reaction or other adverse
cllects.

[0011]

[0012] The 1nability to reliably culture Preumocystis
organisms 1n vitro has limited experimental work with the
pathogen to clinical specimens and animal models of 1nfec-
tion. Human Preumocystis infection 1s associated more with
defects 1n cell-mediated 1mmumty than with neutrophil
dystunction. Preumocystis infections are a particular clini-
cal problem in AIDS patients, whose progressive loss of
CD4+ helper T lymphocytes results in profound suppression
of cell-mediated immunity. The risk of an HIV-1nfected adult

Host Defense and Preumocystis Infection
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acquiring PCP shows an 1nverse, and almost linear correla-
tion with the number of circulating CD4+ lymphocytes. A
similar relationship has also been seen for 1n pediatric PCP
infection, although the relative CD4+ count may be higher
in children. The importance of CD4+ T lymphocytes 1n host
defense against PCP 1s further supported by work with
amimal models. For example, experimental work from our
laboratory shows that normal mice inoculated with PF.
murina are able to resolve the infection without treatment,
while mice that have been specifically and selectively
depleted of CD4+ T lymphocytes with an anti-CD4 mono-
clonal antibody develop progressive PCP. When adminis-
tration of the antibody cease and CD4+ lymphocytes are
restored, P. murina organisms are cleared from lung tissue
and the PCP infection resolves.

[0013]

[0014] Among the mechanisms used by CD4+ lympho-

cytes to mediate host defense against Preumocystis 1s the
secretion ol cytokines such as interferon (IFN). Lympho-
cytes exposed to PC orgamisms or to the major surface
glycoprotein of PC in vitro will secrete IFN. However,
lymphocytes from AIDS patients have a reduced capacity to
produce IFN after antigenic or mitogenic stimulation.
Although IFN 1s not directly lethal to Preumocystis, 1t can
activate macrophages 1n vitro to kill the organism. However,
evidence for an in vivo role for IFN 1n host defense 1is
conflicting. In vivo neutralization of IFN with an antibody
has been reported not to alter clearance of P. murina in
reconstituted SCID mice. Also, SCID mice that had been
reconstituted with splenocytes from mice with a homozy-
gous deletion of the IFN gene were nevertheless able to
reduce levels of P. murina infection.

[0015] It has been postulated that a potential target cell for
exogenous IFN 1s the alveolar macrophage cell, because
aerosolized IFN will augment expression of these cells. It
has been demonstrated that depletion of alveolar macro-
phages leads to delayed clearance of P. carinii from the rat
lung.

[0016] Possible mechanisms for IFN bolstering of host
defense include up-regulation of TNF production, increased
generation of superoxide, and increased release of reactive
nitrogen intermediates.

[0017] Overexpression of interferon by gene delivery
results 1n augmented clearance of P. murina, which depends
in part on enhanced recruitment of CXCR3+ CD8+ T-cells.
Although IFN 1s clearly therapeutic, endogenous IFN 1s not
required; for example, IFN-gamma knockout (KO) mice can
clear P. murina infection.

[0018] CD40L and T- and B-Cell Immune Responses and
Host Defense Against PC

[0019] CD40L 1s another factor that 1s expressed on CD4+
T cells, and that 1s critical for host defense against PCP.
CD40L (also known as CD134) 1s a 33 kDa, type II
membrane protein. It 1s a member of the tumor necrosis
tactor (INF) gene family, and 1t 1s a ligand for CD40 on
antigen presenting cells (APC) such as dendritic cells (DCs)
and B cells. It has been recently shown that CD40L expres-
sion 1n CD4+ T cells 1s critical for T cell “help,” and permaits
direct interactions between APCs and CD8+ cytotoxic T
cells. Moreover, as CD40 1s also expressed on B cells,
up-regulation of CD40L on CD4+ T cells also 1s a critical
component of T helper function to mduce B cell prolifera-
tion.

CD4+ T-Cell Factors 1n Preumocystis Infection
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[0020] CD40L:CD40 interactions appear critical for effec-
tive host defense against PC. Patients with missense or
nonsense mutations 1 CD40L often have hyper-IgM syn-
drome. Hyper-IgM syndrome results from a lack of B-cell
differentiation. Patients with hyper-IgM syndrome are often
infected with PC. Antibody blockage of CD40L:CD40 inter-
actions prevents splenocyte-reconstituted scid mice from
clearing PCP infection. Indeed, 4-6 week old CD40L knock-
out mice from a respected laboratory have been inadver-
tently shipped mtected with PC. Soluble CD40L has been
reported to have a beneficial effect against PCP 1n a steroid-
induced immunosuppressed rat model.

[0021] DCs genetically engineered to express CD40L
have been reported to present antigens (from Pseudomonas
aeruginosa) to B-cells both m wvitro and mm vivo 1 a
CD4-independent manner. The resulting antibodies con-
terred protection against 1n vivo challenge with the bacteria.
[0022] Our laboratory has previously reported the use of
kexin, which 1s a PC antigen, 1n a DNA vaccine with or
without CD40L. See M. Zheng et al., “CD4+ T cell-inde-
pendent DNA vaccination against opportunistic infections,”
J. Clin. Invest., vol. 115, pp. 3536-3544 (2005). Despite the
promise ol Kex1 DNA vaccination, there remains an unfilled
need for improvements to the earlier vaccine. Vaccination
with the Kex1 DNA resulted in only a 2-3 log improvement
in protection as compared to controls; mice challenged after
Kex1 vaccination still have detectable infection histologi-
cally at 28 days post-PC challenge.

Rationale for a Preumocystis Vaccine

[0023] The pathogenesis of HIV infection ivolves pro-
found immunosuppression, which leads to greatly increased
susceptibility to infections. Most opportunistic infections 1n
HIV patients mmvolve the respiratory tract. Pneumonia
caused by the fungal pathogen Preumocystis jirovecii
remains the most common AIDS-defining opportunistic
infection. Antimicrobial therapies are available, but emerg-
ing antimicrobial resistance 1s making treatments less eflec-
tive. Furthermore, high drug costs can preclude antimicro-
bial therapy in many third world countries have high rates of
HIV infection. Even 1n developed countries, 20-30% of
cligible patients do not receive prophylaxis, either because
ol noncompliance or because of the cost of the medications
Also, Prneumocystis colonization 1s no longer confined to the
HIV-iniected population. Preumocystis spp. are incredibly
successiul pathogens, being found in all areas of the world
and 1n numerous animal species. PCP infection carries a high
mortality rate. There remains a pressing, unfilled need for
new vaccines and vaccination approaches to prevent or treat
HIV-associated pulmonary infections.

[0024] Molecular techmiques have recently shown that
Preumocystis colonization of the respiratory tract 1s com-
mon 1 many non-HIV-associated pulmonary diseases, such
as emphysema, where PCP can lead to a systemic inflam-
matory response and accelerated progression of obstructive
airway disease. Thus, a vaccine against Preumocystis can
prevent not just the development of pneumonia, but may
also limit co-morbidities of HIV 1nfection, emphysema, and
other diseases.

[0025] Potential candidates to receive a Preumocystis
vaccine would include individuals who are currently candi-
dates for PCP prophylaxis, such as HIV-infected persons
with a CD4 count below 200; and patients recerving immu-
nosuppressive drugs including high-dose corticosteroids,
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and receiving anti-inflammatory agents such as anti-TNF
and anti-B-lymphocyte agents. Such patients would 1nclude
transplant recipients, cancer patients (including leukemia
and lymphoma patients), and patients with inflammatory and
autoimmune diseases such as rheumatoid arthritis, lupus, or

Crohn’s disease.

[0026] Despite the long-standing need for a vaccine
against Preumocystis or other fungal pathogens, to our
knowledge no fungal vaccine has yet reached Phase III
clinical trials.

DISCLOSURE OF THE INVENTION

[0027] We have discovered a vaccine that promotes CD4+
T cell-independent (CD4IND) host defense mechanisms to
defend against imnfection by Preumocystis and other fungi.
The vaccine may be used to prevent or to treat fungal
infections, including but not limited to Preumocystis spp.
The novel vaccine can provide protective immunity, even for
immunocompromised individuals with reduced levels of

CD4+ T cells.

[0028] We used an animal model that mimics HIV-induced
CD4+ T cell deficiency: a CD4-depleted mouse treated with
GK1.5, which 1s a monoclonal antibody that causes 97% or
greater depletion of CD4+ T cells i spleen, blood, thymus,
and lung. We have shown that using CD40L as an adjuvant
allows the generation of protective humoral 1mmune
responses, even 1n CD4-deficient patients. We 1dentified
immunodominant antigens, including Kexl1, a subtilisin-like
protease. Mice that were immunized with Kex1 ¢cDNA via a
DNA-adenovirus vaccine showed significant protection
against PC challenge. Surprisingly, when the vaccine was
administered with the molecular adjuvant CD40L, even
mice with CD4+ T-cells could develop a substantial immune
response. By contrast, without the CD40L adjuvant, there
was a poor response 1n CD4+ T-cell deficient mice.

[0029] We have improved the Kexl DNA vaccine by

defining and 1solating a smaller antigen, which we have
named “minmi-kexin.” This antigen will confer protective
immunity, especially (but not only) when admimstered with
a CD40L adjuvant. The mim kexin motif represents a highly
conserved segment across Preumocystis spp., and homologs
are expressed 1n other fungi. It thus may also provide some
protection against infection by other Preumocystis spp. or
other fungi, although we have not yet specifically tested
ellicacy against other fungal species. Codon optimization 1s
preferred to enhance the expression of mini kexin DNA in

cukaryotic cells; preliminary studies suggest that vaccine
ellicacy 1s improved with the codon-optimized version.

[0030] We have also constructed recombinant adenovi-
ruses whose DNA encodes mini-kexin. In preliminary stud-
ies these adenovirus-based vectors have shown greater efli-
cacy and have provoked greater mucosal IgA and IgG2a
responses in the lung, either as compared to DNA alone, or
as compared to systemic boosting with adenovirus. In SIV-
infected macaques we have examined both anti-Kex1 titers

and the rate of PC lung infection, the latter as determined by
nested PCR 1n BAL fluid. In a cohort of 12 macaques, 75%
(9 of 12) became PCP positive within 3 months of SIV

infection. The three animals that remained PCP-negative (as
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determined by PCR in BAL fluid) had mean serum anti-
Kex1 Ab levels that were at least 10-fold greater than those
in PCP-positive monkeys.

[0031] CD40 ligand (CD40L) 1s expressed on activated
CD4+ T cells. CD40L and 1s critical for host defense against
PC as well as bacterial pneumonia. We have previously
shown that bone-marrow derived dendritic cells (DCs) can
be genetically engineered to express CD40L (using an
E1l-deleted adenovirus, AACD40L), resulting 1n significant
DC activation and maturation. The activated, mature DCs,
when pulsed with PC or bacterial antigens, and then 1mnjected
into mice, produce protective, antigen-specific IgG indepen-
dently of CD4+ T cells. This strategy was protective against
PC both 1n primary-vaccinated, CD4+ T cell-deficient mice,
and also 1n CD4+ T cell-deficient mice recerving adoptive
transfer of immune serum or CD19+ cells from vaccinated
mice. These results demonstrated the critical role of B cells
in protecting against PC after DC vaccination. We have also
observed that dendritic cell IL-23 (but not IL-12) 1s required
for functional recall antibody responses to PC antigen chal-
lenge. DC-based vaccination can suiler from problems such
as scalability, and the cost of producing patient-specific
DC’s. To try to avoid these problems we developed a prime
boost vaccination platform that greatly enhanced protection
against PC 1n CD4-depleted mice, using the immunodomi-
nant antigen from PC, Kexin, and CD40L as a molecular
adjuvant. Both components were required for vaccine etli-
cacy 1n CD4-deficient hosts; however, the vaccine only
resulted 1n a 3-log reduction of organism burden and thus did
not atiord complete protection.

[0032] We then undertook two approaches to improve the
cllectiveness of the kexin DNA vaccine. One was to use
antibody response to map regions of kexin that were par-
ticularly immunogenic. These results showed that over 70%
of the antibody response was directed against a region of PC
kexin that i1s highly conserved region across mouse, rat,
monkey, and human Preumocystis spp. We call this 100
amino acid region “mini Kexin.” The second strategy was to
perform mucosal boosting rather than systemic boosting. In
preliminary studies, we found that mucosal boosting with a
recombinant adenovirus encoding minmi Kexin afforded sig-
nificant greater protection against PC challenge as compared

to systemic boosting.

[0033] We discovered that activation of CD40 signaling 1n
vivo, 1n conjunction with vaccination with miniKexin, can
produce antigen-specific immune responses, even in the
absence of CD4+ T-cells. We have further discovered that
mucosal boosting can provide eflective vaccination against
PCP, even 1n the absence of CD4+ T-cells.

[0034] In one aspect, the vaccine 1s used for therapeutic
purposes 1n early HIV infection, when CD4 numbers remain
intact, or it 1s used in otherwise immunocompetent hosts
who are at risk for infection (e.g., patients with COPD,
cystic fibrosis, or interstitial lung disease). In another aspect,
vaccination 1s administered to individuals with advanced
HIV infection, or to other immunosuppressed patients hav-
ing low numbers of circulating CD4+ T-lymphocytes, to
provide protective immunity.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] FIG. 1 depicts serum levels of anti-PC antibodies
following vaccination with different constructs.

[0036] FIG. 2 depicts anti-PC IgG2a titers both with and
without CD40L.
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[0037] FIG. 3 depicts PC burden in mice recerving various
vaccines, both with and without CD40L.
[0038] FIG. 4 depicts PC copy number 1n the lung 28 days

alter PC challenge 1n mice recerving various vaccines, both
with and without CD40L.

[0039] FIG. 5 depicts IgG titers 1n mice recerving various
vaccines, both with and without CD40L..
[0040] FIG. 6 depicts IgA titers 1n mice receiving various
vaccines, both with and without CD40L..
[0041] FIG. 7 depicts the induction of IL-12p40,

IL-12p70, and IL-23 1n mice transduced with AdCD40L,
versus controls.

[0042] FIGS. 8A, 8B, and 8C depict, respectively, ant1-PC
IgG1 titers, anti-PC 1gG2 titers, and percent killing of PC
organisms by anti-PC serum 1n response to vaccination with
various DCs.

[0043] FIG. 9 depicts the results of PC challenge 1n

prime-boost vaccinated mice that were artificially immuno-
suppressed.

MODES FOR PRACTICING THE INVENTION

[0044] Preferably, the vaccine comprises a live recombi-
nant delivery system, such as a bacterium or virus express-
ing mycobacteria genes, or an immunogenic delivery system
such as a DNA vaccine, e.g. a plasmid, expressing one or
more genes or gene fragments for mini-Kexin. Alternatively,
the vaccine may comprise a protein vaccine, that 1s, the
mim-Kexin polypeptide itsell or a portion thereof, in a
delivery system including a carrier or an adjuvant.

[0045] In one embodiment, one aspect of the mvention 1s
an 1solated nucleic acid, preferably DNA, wherein said
1solated nucleic acid:

[0046] (a) comprises a sequence that encodes mini-
Kexin or a portion thereof, or comprises a sequence
complementary thereto; but does not encode the entire
Kexin protein; or

[0047] (b) has a length of at least 10 nucleotides, and
preferably at least 20 nucleotides, and hybridizes read-
ily under stringent hybridization conditions with a
nucleotide sequence as disclosed herein, or with a
nucleotide sequence selected from a sequence
described 1n part (a) above.

[0048] Another embodiment comprises such a nucleic
acid fragment 1nserted into a vector. The vector-based vac-
cine causes 1n vivo expression ol mini-Kexin or a portion
thereot by a human or other mammal to whom the vaccine
has been administered, the amount of expressed antigen
being eflective to confer substantially increased resistance to
a pathogenic fungus such as Preumocystis.

[0049] Another embodiment of a vaccine for immunizing
a human or other mammal against a pathogenic fungus such
as Pneumocystis comprises as the eflective component a
non-pathogenic microorganism, wherein at least one copy of
a DNA fragment comprising a DNA sequence encoding
mim-Kexin or a portion thereof has been incorporated into
the microorganism (e.g., placed on a plasmid or i the
genome) 1 a manner allowing the microorganism to

express, and optionally to secrete mini-Kexin or a portion
thereol.

[0050] Another embodiment comprises a replicable
expression vector that comprises a nucleic acid fragment
according to the invention, and a transformed cell harboring
at least one such vector.
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[0051] Another embodiment comprises a method for
immunizing a mammal, including a human being, against a
pathogenic fungus such as Preumocystis, comprising
administering to the mammal an eflective amount of a
vaccine a nucleic acid, a polypeptide, a vector, or a cell as
described.

[0052] A further embodiment comprises a pharmaceutical
composition that comprises an immunologically reactive
amount of at least one member selected from the group
consisting of:

[0053] (a) the mini-Kexin polypeptide, or an immuno-
genic portion thereof;

[0054] (b) a polypeptide whose amino acid sequence
has an 1dentity of at least 70%, 75%, 80%, 85%, 90%,
or 95% to any one of said polypeptides 1n (a); and 1s
IMMmMuNogenic;

[0055] (c) a fusion polypeptide comprising at least one
polypeptide according to (a) or (b) and at least one
fusion partner;

[0056] (d) a nucleic acid that encodes a polypeptide
according to (a), (b) or (c);

[0057] (e) a nucleic acid whose sequence 1s comple-
mentary to the sequence of a nucleic acid according to
(d);

[0058] (1) a nucleic acid sequence having a length of at
least 10 nucleotides, or at least 20 nucleotides, that
hybridizes under stringent conditions with a nucleic
acid according to (d) or (e); and

[0059] (g) a non-pathogenic micro-organism that has
incorporated therein (e.g. placed 1n a plasmid or chro-
mosome) a nucleic acid sequence according to (d), (e),
or (1) in a manner to permit expression of the encoded
polypeptide.

[0060] A further embodiment comprises a method for
stimulating an 1mmunogenic response 1n an human or other
mammal by administering to the human or other mammal an
ellective amount of at least one member selected from the
group consisting of:

[0061] (a) the mini-Kexin polypeptide, or an immuno-
genic portion thereof;

[0062] (b) a polypeptide whose amino acid sequence
has an 1dentity of at least 70%, 75%, 80%, 85%, 90%,
or 95% to any one of said polypeptides 1n (a); and 1s
IMMmMuNogenic;

[0063] (c) a fusion polypeptide comprising at least one
polypeptide according to (a) or (b) and at least one
fusion partner;

[0064] (d) a nucleic acid that encodes a polypeptide
according to (a), (b) or (c);

[0065] (e) a nucleic acid whose sequence 1s comple-
mentary to the sequence of a nucleic acid according to
(d);

[0066] (1) a nucleic acid sequence having a length of at
least 10 nucleotides, or at least 20 nucleotides, that
hybridizes under stringent conditions with a nucleic
acid according to (d) or (e); and

[0067] (g) a non-pathogenic micro-organism that has
incorporated therein (e.g. placed 1n a plasmid or chro-
mosome) a nucleic acid sequence according to (d), (e),
or (1) in a manner to permit expression of the encoded
polypeptide.

[0068] Definitions. Unless context clearly indicates other-
wise, the following definitions should be understood to
apply throughout the specification and claims. Other terms,
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those for which specific definitions are not given, should be
interpreted as they would be understood, in context, by a
person of skill in the art:

[0069] The word “polypeptide™ or “protein” or “peptide”
should have 1its usual meaning: an amino acid chain of any
length, including a full-length protein, oligopeptide, short
peptide, or fragment thereol, wherein the amino acid resi-
dues are linked by covalent peptide bonds. As used in the
present specification and claims, unless context clearly indi-
cates otherwise, no distinction 1s intended between the terms
“polypeptide,” “peptide,” and “protein,” which should be
considered synonymous.

[0070] The polypeptide may be chemically modified by
being glycosylated, phosphorylated, lipidated, by incorpo-
rating one or more prosthetic groups or functional group, or
by containing additional amino acids such as e.g. a his-tag
or a signal sequence.

[0071] FEach polypeptide may thus be characterized by
specific amino acids and be encoded by specific nucleic acid
sequences. It will be understood that such sequences include
analogues and variants produced by recombinant or syn-
thetic methods wherein such polypeptide sequences have
been modified by substitution, imnsertion, addition or deletion
of one or more amino acid residues in the recombinant
polypeptide and are still immunogenic. Substitutions are
preferably conservative.

[0072] A *‘substantially pure polypeptide fragment” means
a polypeptide preparation that contains at most 5% by
weight of other polypeptide material (lower percentages of
other polypeptide material are preferred, e.g. at most 4%, at
most 3%, at most 2%, at most 1%, and at most 2%). It 1s
preferred that the substantially pure polypeptide 1s at least
96% pure, 1.e. that the specified polypeptide constitutes at
least 96% by weight of total polypeptide material present 1n
the preparation, and higher percentages are preferred, such
as at least 97%, at least 98%, at least 99%, at least 99.25%,
at least 99.5%, and at least 99.75%. It 1s especially preferred
that the polypeptide fragment 1s 1n “essentially pure form”™,
1.¢. that the polypeptide fragment 1s essentially free of any
other antigen with which 1t 1s natively associated, 1.e.
essentially free of any other antigen from the same fungus.
This can be accomplished by preparing the polypeptide
fragment by means of recombinant methods 1n a non-fungal
host cell, or by synthesizing the polypeptide fragment by the
well-known methods of solid or liquid phase peptide syn-
thesis, e.g. by the method described by Merrifield or varia-
tions thereof.

[0073] The term “nucleic acid fragment” (or “nucleic acid
sequence”) means any nucleic acid molecule including
DNA, RNA, LNA (locked nucleic acids), PNA, RNA,
dsRINA and RNA-DNA-hybrids. A preferred nucleic acid for
use 1n this mvention 1s DNA. Also included are nucleic acid
molecules comprising non-naturally occurring nucleosides.
The term 1ncludes nucleic acid molecules of any length, e.g.
from 10 to 10,000 nucleotides, depending on the use and
context. The nucleic acid molecule 1s optionally 1nserted into
a vector.

[0074] The term “‘stringent” when used i1n conjunction
with hybridization conditions has the meaning generally
understood 1n the art, 1.e. the hybridization 1s performed at
a temperature not more than 15-20° C. under the melting
poimnt T _, ci. Sambrook et al, 1989, pages 11.45-11.49.
Preferably, the conditions are “highly stringent™, 1.e. 5-10°
C. under the melting poimnt T .
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[0075] The term “sequence 1dentity” indicates a quantita-
tive measure of the degree of homology between two amino
acid sequences of equal length or between two nucleotide
sequences of equal length. The two sequences to be com-
pared are aligned to the best possible fit, allowing for the
insertion of gaps or alternatively, for truncation at one or
both ends. The sequence identity can be calculated as
(N,o~N42100/N, . wheremn N 1s the total number of
non-identical residues 1n the two sequences when aligned,

and wherein N, . 1s the number of residues i one of the
sequences. Hence, the DNA sequence AGTCAGTC has a

sequence 1dentity of 75% with the sequence AATCAATC
(Ng//~2 and N, ~=8). A gap 1s counted as non-identity of the
specific residue(s), 1.e. the DNA sequence AGTGTC has a
sequence 1dentity of 75% with the DNA sequence
AGTCAGTC (N2 and N, ~=38). Sequence 1dentity can
alternatively be calculated by available software, such as
BLAST, e.g. the BLASTP program (Pearson, 1988, or
available through ncbi.nlm.nih.gov). Alignment may also be
performed with the sequence alignment method ClustalW
with default parameters as described by Thompson 1., et al
1994, available at http://www?2.ebi.ac.uk/clustalw/.

[0076] A preferred minimum percentage of sequence 1den-
tity 1s at least 80%, such as at least 85%, at least 90%, at least
91%, at least 92%, at least 93%, at least 94%, at least 95%,
at least 96%, at least 97%, at least 98%, at least 99%, and at
least 99.5%.

[0077] ““Vaniants.” A common feature of the polypeptides
of the ivention 1s their capability to induce an 1mmuno-
logical response. It 1s understood that a variant of mini-
Kexin produced by substitution, insertion, addition or dele-
tion may also be immunogenic as determined by any of the
assays described herein.

[0078] An “‘immune individual” 1s a human or other
mammal who has cleared or controlled an infection with a
virulent fungus such as Preumocystis, or who has received
a vaccination in accordance with this invention.

[0079] The “immune response” of an individual may be
monitored by any one of several methods known 1n the art,
including for example one or more of the following:

[0080] A cellular response may be determined in vitro by
induction of the release of a relevant cytokine such as IFN-y
from, or the induction of proliferation in lymphocytes with-
drawn from a human or other mammal currently or previ-
ously 1nfected with virulent fungus or directly or indirectly
immunized with polypeptide. The induction may be per-
formed by the addition of the polypeptide or an 1 mmuno-
genic portion of the polypeptide to a suspension comprising
from 2x10° cells to 4x10° cells per well. The cells are
1solated from blood, the spleen, the liver, or the lung, and the
addition of the polypeptide or the immunogenic portion
results 1n a concentration of not more than 20 ug per ml in
suspension, with the stimulation being performed over a
period from two to five days. To monitor cell proliferation
the cells are pulsed with radioactively-labeled thymidine;
alter 16-22 hours of mncubation liquid scintillation counting
1s used to assess proliferation. A positive response 15 con-
sidered to be one that exceeds background by at least two
standard deviations. The release of IFN-y can be determined,
¢.g., by the ELISA method, or other methods known 1n the
art. Other cytokines besides IFN-y may be used to assess
immunological response to the polypeptide, such as 1L.-12,
TNF-a, TL-4, IL-5, IL-10, IL-6, or TGF-3. A sensitive
method for detecting an immune response 1s the ELISpot
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method for determining the frequency of IFN-y producing
cells. In an ELispot plate (MAHA, Millipore) that 1s pre-
coated with anti-murine IFN-y antibodies (PharMingen),
graded numbers of cells 1solated from blood, spleen, or lung
(typically from 1 to 4x10° cells/well) are incubated for
24-32 hrs 1n the presence of the polypeptide or an 1immu-
nogenic portion therefor, at a concentration not more than
about 20 ug per ml. The plates are subsequently incubated
with biotinylated anti-IFN-y antibodies followed by a
streptavidin-alkaline phosphatase incubation. The cells pro-
ducing IFN-v are i1dentified by adding BCIP/NBT (Sigma),
and the relevant substrates develop spots. These spots can be
enumerated with a dissection microscope. It 1s also possible
to determine the presence of mRNA that encodes the rel-
evant cytokine by PCR. Usually one or more cytokines will
be measured using, for example, PCR, ELISPOT, or ELISA.
It will be appreciated by a person skilled in the art that the
immunological activity of a particular polypeptide can be
evaluated by observing whether there 1s a significant
increase or decrease 1n the amounts of these cytokines.

[0081] A cellular response may also be determined 1n vitro
with T cell lines derived from an immune individual, or a
Preumocystis-infected person, where the T cell lines have
been driven with either live fungus, extracts from the
fungus, or culture filtrate for 10 to 20 days, with the addition
of IL-2. The induction 1s performed by adding not more than
20 ug polypeptide per ml suspension to the T cell lines, from
1x10° cells to 3x10° cells per well, with incubation from two
to six days. The induction of IFN-y or the release of another
relevant cytokine 1s detected by ELISA. The stimulation of
T cells can also be monitored by detecting cell proliferation
using radioactively labeled thymidine as described above.
For both assays a positive response 1s considered to be one
that 1s at least two standard deviations above background.

[0082] A humoral response may be determined 1n vitro by
a specific antibody response from an immune or infected
individual. The presence of antibodies may be determined
through methods known in the art, e.g., by ELISA or
Western blot. The serum 1s preferably diluted in PBS from
1:10 to 1:100 and added to the adsorbed polypeptide, with
incubation from 1 to 12 hours. By the use of labeled
secondary antibodies the presence of specific antibodies can
be determined by measuring the OD, e.g. by ELISA, where
a positive response 1s considered to be one that 1s at least two
standard deviations above background, or alternatively by a
visible response 1 a Western blot.

[0083] Protein Vaccine. Another aspect of the mvention
pertains to a vaccine composition comprising the mini-
Kexin polypeptide, or an immunogenic portion thereof, or a
fusion polypeptide thereof. It 1s preferred that the vaccine
additionally comprise an immunologically and pharmaceu-
tically acceptable carrier, vehicle or adjuvant.

[0084] Suitable carriers for polypeptides may be selected
from the group consisting of a polymer to which the poly-
peptides are bound by a hydrophobic, non-covalent interac-
tion, such as a polystyrene, or a polymer to which the
polypeptides are covalently bound, such as a polysaccharide,
or a polypeptide, e.g. bovine serum albumin, ovalbumin, or
kevhole limpet haemocyanin. Suitable vehicles may be
selected from the group consisting of a diluent and a
suspending agent. The adjuvant 1s preferably selected from
the group consisting of dimethyldioctadecylammonium bro-
mide (DDA), Quil A, poly I:C, aluminum hydroxide, Fre-
und’s mcomplete adjuvant, IFN-vy, I1L-2, IL-12, monophos-
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phoryl lipid A (MPL), Trehalose Dimycolate (TDM),
Trehalose Dibehenate, and muramyl dipeptide (MDP).

[0085] The preparation of vaccines that contain polypep-

tides as their active ingredients 1s generally well understood
in the art, as exemplified by U.S. Pat. Nos. 4,608,251;

4,601,903; 4,599,231 and 4,599,230, and published appli-
cation US2004/0057963, the complete disclosures of all of

which are incorporated herein by reference.

[0086] Other methods of achieving adjuvant effect for a
vaccine include the use of agents such as aluminum hydrox-
ide or aluminum phosphate (alum), synthetic polymers of
sugars (Carbopol), aggregation of the polypeptide 1n the
vaccine by heat treatment, aggregation by reactivating with
pepsin-treated (Fab) antibodies to albumin, mixture with
bactenal cells such as C. parvum or endotoxins or other
lipopolysaccharide components of gram negative bacteria,
emulsion 1n physiologically acceptable o1l vehicles such as
mannide mono-oleate (Aracel A), or emulsion with 20
percent solution of a perfluorocarbon (Fluosol-DA) used as
a block substitute. Other possibilities involve the use of
immune-modulating substances such as cytokines or syn-
thetic IFN-y inducers such as poly 1:C 1n combination with
an adjuvant.

[0087] Another possibility for achieving adjuvant eflect 1s
to conjugate the polypeptide or a portion thereof to an
antibody (or antigen binding antibody fragment) against the
Fcy receptors on monocytes/macrophages.

[0088] The vaccines are admimistered 1n a manner that 1s
compatible with the dosage formulation, and 1n an effective,
immunogenic amount. The quantity to be administered
depends on the subject to be treated, including, e.g., the
capacity of the individual’s immune system to mount an
immune response, and the degree ol protection desired.
Suitable dosage ranges are of the order of several hundred
micrograms active ingredient per vaccination with a pre-
ferred range from about 0.1 pug to 1000 ug, such as 1n the
range from about 1 ug to 300 ug, and especially 1n the range
from about 10 ug to 50 ug, as may readily be determined by
routine experimentation such as i1s well known 1n the art.
Suitable regimens for initial administration and booster
shots are also variable but are typified by an mnitial admin-
istration followed by subsequent inoculations or other
administrations.

[0089] As used in the specification and claims, an “eflec-
tive amount” or an “eflective dosage” of a vaccine 1s an
amount or dosage, that when administered to a patient
(whether as a single dose or as part of a multi-dose or
boosting regimen) provides protective immunity to a clini-
cally significant degree; or alternatively, to a statistically
significant degree as compared to control. “Statistical sig-
nificance” means significance at the P<t0.05 level, or such
other measure of statistical significance as would be used by
those of skill 1n the art of biomedical statistics in the context
ol 1mmunization.

[0090] The manner of application may be varied. Any of
the conventional methods for administration of a vaccine are
applicable. These can include oral application on a solid
physiologically acceptable base or 1 a physiologically
acceptable dispersion, parenterally, by inhalation, by injec-
tion or the like. The dosage of the vaccine will depend on the
route of administration and will vary according to the age of
the person to be vaccinated and, to a lesser degree, the size
of the person to be vaccinated.
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[0091] The vaccines are conventionally admimistered par-
enterally, by 1njection, for example, either subcutaneously or
intramuscularly. Additional formulations which are suitable
for other modes of administration include suppositories and,
1n some cases, oral formulations and inhalable aerosols. For
suppositories, traditional binders and carriers may include,
for example, polyalkylene glycols or triglycerides; such
suppositories may be formed from mixtures containing the
active mgredient 1n the range of 0.5% to 10%, preferably
1-2%. Oral formulations include such normally employed
excipients as, for example, pharmaceutical grades of man-
nitol, lactose, starch, magnesium stearate, sodium saccha-
rine, cellulose, magnesium carbonate, and the like. These
compositions may take the form of solutions, suspensions,
tablets, pills, capsules, sustaimned release formulations or
powders and advantageously contain 10-95% of active
ingredient, preferably 25-70%.

[0092] DNA Vaccine. In a preferred embodiment, nucleic
acid fragments 1n accordance with the invention are used for
the 1 vivo expression of antigens, 1.e. 1 so-called DNA
vaccines as reviewed 1n Ulmer et al 1993, which 1s 1ncor-
porated by reference. Hence, the invention also relates to a
vaccine comprising a nucleic acid fragment according to the
invention, the vaccine causing 1n vivo expression of antigen
by a human or other mammal, the amount of expressed
antigen being eflective to confer substantially increased
resistance to infections caused by virulent fungi, including
for example Preumocystis jerovici or other Preumocystis
SPp.

[0093] Live Recombinant Vaccines; Plasmids. Another
possibility for eflectively activating a cellular immune
response 1s to express the antigen in a non-pathogenic
microorganism or virus that 1s then used as a vaccine.
Well-known examples of such microorganisms are Myco-
bacterium bovis BCG, Salmonella, and Pseudomonas, and
examples of such viruses are Vaccinia Virus and Adenovirus.
[0094] Accordingly, another aspect of the present mven-
tion 1s to mcorporate one or more copies of a DNA sequence
as described into the genome of the microorganism or virus
in a manner allowing the micro-organism to express and
secrete the polypeptide. The incorporation of more than one
copy of a nucleotide sequence of the invention may enhance
the 1immune response.

[0095] Another possibility 1s to integrate the DNA encod-
ing the polypeptide in an attenuated virus such as the
vaccinia virus or Adenovirus (Rolph et al 1997). The genes
carried by the recombinant vaccinia virus are expressed
within an infected host cell, and the expressed polypeptide
of 1nterest can induce an 1mmune response.

[0096] Because the target population for this vaccine will
often have a compromised immune system, even attenuated
live vaccines may be inappropriate vehicles. In such cases,
it can be preferred to administer the DNA sequence 1n a
non-replicating vehicle, such as a plasmid or a disabled virus
that 1s capable of delivering DNA to a host cell, but that 1s
incapable of replicating in the host.

EXAMPLE 1

Co-Administration of CD40L with Mini-Kexin
Vaccination Induces a CD4IND Humoral Response
and Protection Against PC In Vivo

[0097] Four forms of mini-Kexin DNA are used for vac-
cination: mini-Kexin-wild type (mKexin-WT); mini-Kexin
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that has been codon optimized for mammalian expression
(mKexin-CO); miniKexin that has been engineered to be
secreted with an IgG, leader sequence (smKexin); and
smKexin that has been codon optimized (smKexin-CO). We
compared these wild type and codon-optimized forms of the
DNA vaccine. We also compare mucosal boosting with
recombinant adenovirus and recombinant modified vaccinia
Ankara stramn (MVA) vectors. Outcome measures include
anti-Kexin and ant1-PC 1sotype-specific antibody responses,
as well as anti-Kexin subclass determinations. Serum 1s
tested 1n functional assays including opsonic phagocytosis,
and passive transier protection mto scid mice. We also
examine the eflicacy of the vaccine against PC challenge
performed at several times after vaccination.

EXAMPLE 2

[0098] Our hypothesized mechanism predicts that endog-
enous IL-23 i1s required; and results in durable vaccine
responses 1n both CD4+ T-cell deficient mice and CD40L
knockout mice. Specifically we demonstrate the etlicacy of
CD40L co-transduction 1n CD40L, knockout mice; and the
requirement of 1L.-12 family members (including IL.-12p35,
IL-12p40, and 1L.-23), and critical activation molecules that
are 1nduced by CD40L-modified DCs to generate effective
primary and memory B-cell responses. Preliminary studies
have suggested that 11.-23 production 1s critical to generate
B-cell memory against PC antigen.

EXAMPLE 3

CD4IND Pathogen-Specific Immune Responses
Against Preumocystis Kexin are Generated 1n an
SIV Model of Immunodeficiency in Macaques

[0099] We expect that the mini-kexin constructs will pro-
duce vaccine-induced 1immune responses i SIV-infected,
CD4 deficient macaques. Control or SIV infected macaques
will undergo DNA priming, followed by mucosal boosting
4 weeks after mock or live SIV 1nfection. Outcome measures
will include humoral responses to the vaccine, and the
prevention of Preumocystis colonization as determined by
PCR of BAL fluid. Preliminary studies suggest that Preu-
mocystis colomzation occurs 1n up to 80% of SIV infected
macaques, compared to 0% 1n non-SIV infected monkeys.
We will also challenge SIV-infected monkeys with live
Preumocystis, and demonstrate vaccine eflicacy in the chal-
lenge model.

EXAMPLE 4

[0100] We generated anti-Preumocystis antibodies 1n
CD4-deficient mice by vaccination with PC-pulsed, CID40L-

transduced, bone marrow-derived dendritic cells. These anti-
bodies stain the surface of PC, and enhance opsonic phago-
cytosis and killing of PC in a dectin-1-independent but
Fc-dependent manner. These antibodies also confer signifi-
cant protection against PC when passively transierred to scid
mice prior to PC challenge.

EXAMPLE 5

[0101] We identified antigen specificities using both 1-di-
mensional and 2-dimensional electrophoresis, as well as
immunoprecipitation followed by 2-D gel electrophoresis.
Silver-stained spots on 2-D gels were picked, enzymatically-
digested, and analyzed by tandem MS (Applied Biosys-
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tems). We also performed N-terminal sequencing on pro-
teins. Due to a lack of published data for the entire PC
genome, and 1n light of the significant homology of many
PC genes to those of Saccharomyces cerevisiae and S.
pombe, we performed homology searches against PC and
Saccharomyces spp. One antigen consistently identified by
both MS-MS and N-terminal sequencing was kexin (also
called Kex1). Kex1 1s a protease with high homology to
turin. Kexin 1s presumably involved in processing of pre-pro
proteins in yeast. Monoclonal antibodies raised against
Kex1 show protective eflicacy 1n murine models of PCP.

EXAMPLE 6

[0102] We cloned the full length Kex 1 c¢cDNA, and

generated DNA vaccines, both with and without an addi-
tional open reading frame encoding CD40L as a B-cell
adjuvant. CD4-deficient mice that were immunized by 1ntra-
muscular DNA encoding Kex1 and CD40L developed sig-
nificant anti-Preumocystis antibody ftiters, as well as
approximately a three log protection against PC challenge.
Moreover these antibodies stained the surface of PC organ-
1sms from mouse and monkey, and enhanced opsonic phago-
cytosis and killing of mouse PC 1n vitro. However, despite
the etlicacy of full-length Kex1l vaccination, vaccinated
mice still had readily detectable infection 4 and 6 weeks
aiter challenge.

EXAMPLE 7

[0103] To mmprove upon our original Kexl vaccine we
tried several approaches. The first was to examine 11 mucosal
boosting with recombinant adenovirus would enhance DNA
priming. Although full-length Kex 1 could be packaged, the
recombinant Ad5-based vectors grew poorly, with titers of
107 or 10® per ml. The Kex1 coding sequence is over 3 kB.
We explored whether we could improve both packaging and
expression by truncating the antigen and by using codon
optimization. Our analysis of Kex1 revealed a 100 amino
acid segment of Kex1 with over 75% homology among PC
organisms obtained from mouse, rat, monkey, and human
hosts. (See FIG. 1 from prionty application 61/294,252, not
reproduced here but imcorporated by reference.)

EXAMPLE 8

[0104] Expressing peptides from this region of Kexl 1n
recombinant £. coli, we demonstrated that antibodies rec-
ognizing epitopes 1n this region account for a significant
amount of the opsonic killing of PC. PC organisms were
opsonized with naive serum (control), or with serum from
mice vaccinated with full length kexin/CD40L, and then
incubated with peritoneal macrophages to assess opsonic
killing 1n vitro. To assess viability of PC organisms 24 hours
later, we measured the integrity of the PC mitochondrial
large subunit mRNA by real time PCR. Opsonization of PC
with serum from Kexin/CD40L-vaccinated mice markedly
increased PC killing in wvitro. Absorption of the serum
against Kexin peptides or against mimKexin markedly
decreased opsonic phagocytosis, suggesting that recognition
of epitopes 1n this 100 aa stretch of Kexin 1s important to
activity. (See FIG. 2 from priority application 61/294,252,
not reproduced here but incorporated by reference.)

EXAMPLE 9

[0105] We next performed passive transier experiments
into scid mice using control serum, serum from Kexin/
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CDA40L vaccinated mice, and serum from vaccinated mice
that had been pre-adsorbed against recombinant Kexin. The
mice were then challenged with PC (2x10° cysts) intratra-
cheally. Mice were sacrificed at day 28, and PC burden in the
lung was assessed by real-time PCR. Transter of 300 uL. of
serum from Kexin/CD40L-vaccinated mice resulted 1in sig-
nificantly reduced PC burden as compared to control serum.
Adsorption of serum against recombinant Kexin signifi-
cantly attenuated the protection of the transferred serum.
(See FIG. 3 from priornty application 61/294,252, not repro-
duced here but incorporated by reference.)

EXAMPLE 10

[0106] We modified the vaccine by constructing vectors
encoding the 100 amino acid conserved region of Kex1 that
we 1dentified, a region that we have named “mini-Kexin.”
We constructed 4 DNA vaccines: (1) wild-type min1 Kexin
without a leader sequence, (2) wild type min1 Kexin with an
IeGk leader sequence to facilitate secretion, (3) codon-
optimized mim Kexin with no leader sequence, and (4)
codon optimized mini Kexin with a IgGk leader sequence.
These vectors were called, respectively: (1) pmini-Kexin
WT, (2) psec-mini-Kexin-W'T, (3) pmini-Kexin CO, and (4)
psec-mini-Kexin-CO. To assess the secretion of mini-Kexin
we transiected 293 cells with these constructs and assayed
for Kexin by direct ELISA 1n cell lysates or in cell super-
natants 48 hours after transtection. (See FIG. 4 from priority
application 61/294,252, not reproduced here but incorpo-
rated by reference.) The addition of the IgG-kappa leader
sequence 1 the psec-mimi Kexin constructs resulted 1in
higher levels of Kexin in cell supernatants. Moreover, codon
optimization was associated with higher expression. Thus a
preferred embodiment uses both a leader sequence and
codon optimization.

EXAMPLE 11

[0107] We next examined the eflicacy of these constructs
in DNA vaccination of CD4-depleted mice. For these stud-
1es, mice were vaccinated with pmini-Kexin WT (K-wt),
psec-mini-Kexin-WT (sK-wt), pmini-Kexin CO (K-co), or
psec-mini-Kexin-CO (sK-co). The mice were vaccinated
with constructs either lacking CD40L or with a sequence
encoding CD40L cloned 1nto the second open reading frame
of the plasmids, to act as a B-cell adjuvant. Mice were
vaccinated by two injections of 100 ug DNA, given intra-
muscularly three weeks apart. Anti-PC antibodies were
measured by ELISA 7 days after the second injection of
DNA. FIG. 1 shows serum levels for anti-PC antibodies,
measured as end point dilutions (1:64). Mice vaccinated
with psec-mini-Kexin-CO (leader sequence, codon opti-
mized) had the highest levels of ant1-PC IgG 1. Interestingly,
the presence or absence of CD40L seemed to have little
cellect on ant1i-PC IgGl titers (FIG. 1, * denotes p<t0.05
compared to SK-wt, K-wt, and K-co, ANOVA, n=6-8 per
group). By contrast, the presence of CD40L was associated
with significant increases in anti-PC IgG2a titers as com-
pared to constructs lacking CD40L (FIG. 2, * denotes
p<t0.05 compared to the non-CD40L group, ANOVA, n=6-8

per group).

EXAMPLE 12

[0108] To test the protective eflect of the antibodies
against PC infection, we performed a PC challenge follow-
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ing the second dose of DNA. The mice were sacrificed 28
days later to assess PC organism burden 1n lung tissue (FIG.
3). Mice vaccinated with psec-kexin-Co-CD40L had the
lowest organism burden in the lung compared to all other
groups (*p<t0.01 ANOVA, n=6 per group). Furthermore, the
addition of CD40L was associated with lower organism
burdens 1n all vaccine groups compared to mice vaccinated
without CD40L.. Nevertheless, there were still between 10°
and 10" PC organisms present, even in the psec-kexin-Co-

CDA40L group.

EXAMPL.

13
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[0109] We examined whether mucosal boosting can aug-
ment protection against PC. We constructed recombinant
Ad3-based vectors encoding all four of the mini-Kexin
constructs described above. Mice were primed with 2 IM
injections of DNA, followed either by no mucosal boost or
by intranasal boosting with 10" PFU of Ad5 encoding the
same construct as was used for the DNA prime vaccination.
FIG. 4 depicts PC copy number 1n the lung 28 days after PC
challenge 1n these mice. The mucosal boost with AdCD40L
resulted 1n nearly a three log improvement in both the sK-co
and k-Co groups (p<0.01 ANOVA, n=6 per group, compared
to SK-wt or K-wt with CD40L). Immune response was
enhanced with CD40L, both when used 1n the DNA prime
as well as when used 1n the adenovirus boost. The improved
protection against PC challenge was associated with higher
ant1-PC IgG titers (FIG. 5, n=6 each group, * p<0.05
ANOVA) as well as higher ant1-PC IgA titers in BAL (FIG.
6, n=6 ecach group, * p<0.05 ANOVA). These preliminary
data suggest that psecKexin-co and pmini-Kexin-co with
CDA40L are superior vaccines.

EXAMPL.
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[0110] Our hypothesis predicts that this strategy: (1)
should require endogenous 1L.-23, and (2) should result 1n
durable vaccine responses both in CD4+ T-cell deficient
mice and 1n CD40L knockout mice. We have demonstrated
that AdCd40L 1s a potent inducer of 1L-12p40, 1L-12p70,
and 1L-23 (FIG. 7). For these experiments, bone marrow-
derived dendritic cells were grown from hematopoietic
progenitors, and transduced with AdLuc or AdCD40L at a
dose of 100 wviral particles per cell. Supernatants were
collected 24 hours later and assayed for IL-12p40 or
IL-12p70 by Luminex, or for 1L-23 by ELISA (n=5 per

group, * denotes p<0.05 compared to AdLuc controls).

EXAMPLE 15

[0111] To determine the role of IL-12 and IL-23 1n
AdCDA40L-transduced, DC-based wvaccine responses, we
generated DCs from IL-12p40-/-, IL-12p35-/-, or
IL-23p19-/- mice; transduced each DC genotype with
AdCDA40L; pulsed the DCs with PC antigen; and then
administered the DCs intravenously to CD4-depleted mice.
Primary antibody responses were measured alter 4 weeks.
To assess recall responses, mice were re-challenged with PC
antigen by IP mjection, and serum antibody responses were
measured 10 days later. As shown 1n FIG. 8A, primary 1gG1
responses were similar regardless of the DC expression of

IL-12p40, IL-12p35, or IL-23pl19. Mice vaccinated with
IL-23-deficient DCs (either 1L-12p40-/— or IL-23p19-/-
DCs) had reduced primary IgG2a responses to PC (FIG.
8B). Furthermore, recall response to PC antigen, as a mea-

L1l
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sure of B-cell memory, was significantly diminished both 1n
IL-12p40—-/- and 1n IL-23p19 deficient DCs, but not 1n

IL-12p35-/- DCs (FIGS. 8A and 8B, * denotes p<0.05 as
compared to the other groups, ANOVA, n=3-6 per group).
These data demonstrated that 11.-23 1s an important mediator
of CD40L-imnduced B cell expansion and antigen-specific
recall responses. The defect in functional B-cell memory
was also associated with diminished opsonic killing activity

of ant1-PC serum from CD4-depleted mice vaccinated with
DCs from either IL-12p40/- or IL-23p19—-/— mice (FIG. 8C,

* denotes p<0.05 compared to the other groups, ANOVA,
n=>3-6 per group).

EXAMPLE 16

[0112] CDA4IND, pathogen-specific immune responses
against Preumocystis kexin are produced 1n an SIV model of
immunodeficiency in macaques. We have assessed sponta-
neous PC infection 1n macaques infected with SIV/Delta
B670. CD4 counts below 500 cells/ul. have been strongly
associated with an increase in PC colonization in the lung,
as assessed by nested PCR i BAL fluid. Five of five
SIV-infected monkeys developed detectable PC coloniza-
tion, as assayed by nested PCR. Interestingly, several mon-
keys had an initial increase in anti-Kexin antibody titers,
followed by a fall in titers prior to the development of a
positive PCR response for PC. In a second cohort of animals,
preliminary studies suggested that SIV-infected monkeys
with high baseline anti-Kex1 titers were protected against
PC infection, as measured by PCR in BAL. We will deter-

mine the rate of PC infection at necropsy 1n 25 SIV-infected
and 25 non-SIV-infected macaques. For these studies we

will assess PC colonization by nested PCR, and real-time
PCR on lung tissue and BAL. These data will also be

compared to standard histological detection of PC by GMS
staining ol lung tissue.

EXAMPLE 17

[0113] Additional studies confirm that CD 40L co-admin-

istration results 1n CD4IND immune responses after IM
DNA vaccination, through B-cell responses. Our prelimi-
nary results suggest that codon-optimized, secreted antigen
1s a better driver of the B cell response as compared to
non-secreted or wild-type forms of Kexin. We have cloned
the kexin constructs and CD40L 1mnto pBUDCE4.1 (Invitro-
gen), which contains two expression cassettes (one driven
by CMV and one driven by the human EF-1 alpha pro-
moter), allowing both genes to be eflectively expressed in
transduced cells

EXAMPLE 18

[0114] Experimental Groups. Male 6-8 week old BALB/c
mice will be CD4-depleted by the administration of 0.3 mg
GK1.5 IP by weekly injection, or given rat IgG as a control.
48 hours later, mice will be randomized to be vaccinated by
the IM 1njection of pmini-Kexin W, psec-mini-Kexin-WT,
pmini-Kexin CO, or psec-mini-Kexin-CO; and 1n each case,
either with or without CD40L. One group of mice will be
injected with pBudCD40L with no PC antigen as a control.
Sample size will be 10 mice per group, which should give
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sutlicient statistical resolution to detect a ~30% difterence 1in
ant1-PC or Kexin IgG between different routes of vaccina-
tion.

[0115] Manipulations: There will be two doses of plasmid
injections, three weeks apart.

[0116] Measures and Outcomes: Sera will be assayed for
ant1-PC and anti-Kexin antibodies, both IgM and IgG, by
ELISA at 3, 6, and 9 weeks. Isotypes will be determined by
using appropriate anti-mouse IgG 1sotypes: 1gGl, IgG2a,
IgG2b, IgG3 (Pierce, Rockiord, Ill.). At 9 weeks, mice will
be sacrificed and lungs will be lavaged for anti-PC and
anti-Kexin IgA levels. Kexin-specific, 1gG-expressing B
cells 1n the spleen and mediastinal lymph nodes will be
assayed by Elispot. Serum antibodies will also be tested for
complement-dependent killing, and for opsonic phagocyto-
s1s and killing of PC 1n vitro. Briefly, serial dilutions of sera
will be mcubated with PC cysts and cultured in RPM1640+
10% FCS (with or without heat inactivation) for 24 hours,
tollowed by assessment of PC mtLSU rRNA integrity by
real-time PCR. To assess macrophage-dependent killing the
assay 1s performed in the presence of 350,000 alveolar
macrophages obtained by lung lavage. If we observe high
antibody titers and augmentation of PC killing in vitro, we
will also perform passive transier experiments in scid mice
with 300 uL of serum, followed by pulmonary PC challenge.
Scid mice will be sacrificed 28 days later to determine i1 the
passive transfer ol serum prevents PC infection.

[0117] Expected Results and Interpretations: We expect to
observe significant induction of anti-PC and anti-Kexin IgG
in CD4-depleted mice vaccinated with pmini-Kexin WT,
psec-mini-Kexin-WT, pmini-Kexin CO, or psec-mini-
Kexin-CO—yparticularly when CD40L 1s included i the
plasmid. We also expect that CD40L will be required for
cilicient IgA production in BAL 1n these mice. Our prelimi-
nary data also suggest that IgG levels, and perhaps Kexin-
specific IgG- and IgA-producing B-cells are enhanced 1n the
secreted Kexin/codon optimized, CD40L groups in the
spleen. We expect the precursor frequency to be significantly
lower 1n the mediastinal lymph nodes as compared to spleen
in this stage of the vaccine. We also expect to observe
vaccine-induced increases 1in opsonic activity and killing of
PC 1n vitro, as well as protection in passive transier experi-
ments.

[0118] Alternative Approaches: We expect to observe a
mixed TH1 and TH2 antibody response, since 1L.-4 has been
reported to have synergy with IL-12 p70 and CD40L in
activating B-cells to a TH2 response. Alternatively, activated
DC’s have been shown to induce preferential TH1 responses

in B-cells. Thus we will observe the roles of specific
endogenous cytokines such as IL-12, 1L-23, in IL-12p40,
IL-12p35, and IL-23 knockout mice. If we observe only a
modest ant1-PC/Kexin IgG response 1n the IM regimen, we
will mvestigate electroporation after DNA administration.
Electroporation enhances CD8+ T-cell responses. Its eflect
on humoral immune response 1s unclear, but and we are
already achieving significant B-cell responses, and therefore
see electroporation as being less preferred. The titer or half
life of the antibody in the scid mice will be confirmed by
measuring the titer both immediately after transfer and on
day 28. Prior studies with DC-based vaccines suggest that
300 uL. of serum should provide suflicient Ab to protect

during the 28 day study period.
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EXAMPLE 19

[

The Effect of Mucosal Boosting with Recombinant
Adenovirus Virus-Based Vectors Following DNA
Priming

[0119] Hypothesis: We hypothesize that the co-adminis-
tration of CD40L with antigen allows for CD4-1ndependent
(CD4IND) B-cell responses 1n vivo, and that mucosal boost-
ing will enhance mucosal antigen-specific B-cell responses,
as well as overall protective immunity.

[0120] Rationale: Preliminary studies have demonstrated
that CD40L co-administered with Kexin antigen resulted in
CD4IND B-cell responses. To optimize the 1n vivo response,
we postulate that mucosal boosting with recombinant adeno-
virus vectors will enhance mucosal IgA and IgG B-cell
responses.

[0121] Experimental Groups. Male 6-8 week old BALB/c
mice will be CD4-depleted by the administration of 0.3 mg
GK1.5 IP by weekly injection or given rat IgGG as a control
for the CD4-replete group. 48 hours later, mice will be
randomized to be vaccinated by the IM 1njection of pmini-
Kexin WT, psec-mini-Kexin-W'T, pmini-Kexin CO, or psec-
mini-Kexin-CO, in each case with or without CD40L. One
group ol mice will be mjected with pBudCD40L with no PC
antigen as a control. After 6 weeks mice will be further
randomized for mucosal boosting with 10’ adenovirus
encoding the same antigen construct as the prime vaccina-
tion, with or without an equal dose of AdCD40L. Sample
sizes will be 10 mice per group, to give the statistical
resolution to detect a 30% difference 1n anti-PC or Kexin
IgG between different routes of vaccination.

[0122] Manipulations: Plasmid injections will be repeated
every three weeks for two doses as otherwise previously
described by Ramsay et al. We will administer 107 of
El-deleted, Ad5-based vectors encoding antigen, with or
without AdCD40L by intranasal administration.

[0123] Measures and Outcomes: Sera will be assayed for
ant1-PC and anti-Kexin IgM, and IgG 1sotypes by ELISA at
3, 6, and 9 weeks using appropriate anti-mouse IgG 1s0-
types: 1gG1, IgG2a, IgG2b, 1gG3 (Pierce, Rockiord, I11.). At
9 weeks, mice will be sacrificed and lungs will be lavaged
for ant1-PC and anti-Kexin IgA levels. B cells expressing
Kexin-specific IgG and IgA in the spleen and mediastinal
lymph nodes will be assayed by Elispot. Serum and BAL
antibodies will also be tested for complement-dependent
killing as well as opsonic phagocytosis and killing of PC 1n
vitro. In brief, serial dilutions of sera will be incubated with
PC cysts and cultured in RPM1640+10% FCS (with or
without heat nactivation) for 24 hours, followed by assess-
ment of PC mtLSU rRNA integrity by real-time PCR. To
assess macrophage-dependent killing the assay 1s performed
in the presence of 50,000 alveolar macrophages obtained by
lung lavage. If we observe high titers of Ab and augmenta-
tion of PC killing in vitro, we will also perform passive
transier experiments 1 scid mice with 300 ulL of serum
followed by pulmonary PC challenge. Scid mice will be
sacrificed 28 days later to determine if the passive transfer
of serum prevents PC infection.

[0124] Expected Results and Interpretations: We expect to
observe significant enhancement 1n both BAL anti-PC and
anti-Kexin IgG and IgA 1n animals that are mucosally
boosted as compared to those 1n Example 18. Moreover we
expect to observe increases 1n Kexin-specific IgG and IgA
B-cells 1n the mediastinal lymph nodes 1n Ad-boosted mice.
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We also expect that CD40L will be required in both the
priming and the boosting regimen to achieve strong mucosal
IgG and IgA anti-PC and anti-Kexin antibody responses. We
also expect to observe vaccine-induced increases 1 opsonic
activity and killing of PC 1n vitro, as well as protection 1n
passive transier experiments.

[0125] Alternative Approaches: The dosage of the boost
will be optimized, following initial proof of concept. The
initial dose of 107 has been validated in preliminary studies,
but could be increased, e.g., to 10° for both antigen-con-
taining Ad as well as for AACD40L. The titer and half life
of the antibody in the scid mice will be assayed by measur-
ing titer immediately after transter and on day 28. Prior
studies with DC-based vaccines suggest that 300 ul. of
serum should provide suilicient Ab to protect throughout the
28 day study period. The relative importance of mucosal Ab

and serum Ab for protective immunity can also be assayed,
¢.g., by transferring concentrated BAL to supply 100 ug of
protein. Controls will consist of BAL that 1s brought up to
100 ug of protein with naive mouse serum.

EXAMPL.

L1l

20

The Effect of Mucosal Boosting with Recombinant
Adenovirus Virus-Based Vectors After DNA
Priming in Conferring Protection Against a PC
Challenge

[0126] Hypothesis: We hypothesize that the co-adminis-
tration of CD40L with antigen allows for CD4IND B-cell
responses 1n vivo, and that mucosal boosting will enhance
mucosal antigen-specific B-cell responses and confer pro-
tection against PCP.

[0127] Rationale: Preliminary studies demonstrated that
CD40L co-administered with Kexin antigen results 1n
CD4IND B-cell responses and protection against PCP.
These studies will confirm these preliminary results.

[0128] Experimental Groups. The groups will be similar to
those used in Example 19, but this study will assess
responses to PC challenge. Male 6-8 week old BALB/c mice
will be CD4-depleted by the administration of 0.3 mg GK1.5
IP by weekly 1njection, or given rat IgG as a control. 48
hours later, mice will be randomized to be vaccinated by IM
injection of pmini-Kexin WT, psec-mini-Kexin-WT, pmini-
Kexin CO, or psec-mini-Kexin-CQO, 1n each case either with
or without CD40L. A control group of mice will be mjected
with pBudCD40L with no PC antigen. After 6 weeks mice
will be further randomized, and either given no boosting or
mucosal boosting with ~10” adenovirus, encoding the same
amount of antigen as the prime, again, with or without an
equal dose of AACD40L. At 9 weeks mice will be challenged
with 2x10° PC cysts and followed for 6 weeks to determine
PC lung burden by quantitative real time PCR. Sample Sizes

will consist of 10 mice per group to give the power to resolve
a 30% ditference in PC burdens.

[0129] Manipulations: Plasmid injections will be repeated
every after weeks for two doses as otherwise previously
described by Ramsay et al. We will administer 10’ of
El-deleted AdS based vectors encoding antigen, with or
without AdCD40L, by intranasal administration. Mice will
be sacrificed 6 weeks after PC challenge to assay for serum
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and BAL ant1-PC and anti-Kexin antibodies, PC burden by
real time PCR, and GMS staining of lung tissue.

[0130] Measures and Outcomes: Sera will be assayed for
ant1-PC and anti-Kexin IgM, and IgG 1sotypes by ELISA at
3, 6, 9 and 15. Isotypes will be determined by using
appropriate anti-mouse IgG 1sotypes: IgG1, IgG2a, 1gG2b,
IgG3 (Pierce, Rockiord, 111.). At sacrifice one lung will be
inflated with 10% neutral bullered formalin and sent for
morphology examination using H & E and GMS staining.
The other lung will be placed 1n TRIzol™ reagent prior to
assaying for PC burden by real time PCR. Serum and BAL
antibodies will also be tested for complement-dependent
killing, opsonic phagocytosis, and killing of PC 1n vitro as
otherwise described above.

[0131] Expected Results and Interpretations: We expect to
observe significant protection 1n mice vaccinated and
boosted with adenovirus carrying DNA that encodes kexin
antigens. Based on preliminary studies we expect to observe
the greatest protection in the codon-optimized, secreted
Kexin group. We expect to achieve a 6-log level of protec-
tion compared to CD40L vaccinated control mice without
antigen. During the challenge studies we also will incorpo-
rate a scid mouse control group to verily infection with the
dose of PC used. Both the scid group and the control,
CD4-depleted mice typically have over 10° PC copy number
in their lung by week 6. Thus in the eflective vaccine group
we expect to observe levels of 10° PC copy number or lower.
We also expect to observe vaccine-induced increases 1in
opsonic activity and killing of PC in wvitro as well as
protection 1n passive transier experiments.

[0132] Alternative Approaches: The dosage of the boost
will be optimized. The initial dose of 107 has been validated
in preliminary studies, but could be increased, e.g., to 10° for
both antigen-containing Ad, as well as for AdCD40L. We
will also determine the duration of protection. We will
choose the two most eflective vaccine boost combinations
(with and without CD40L), and challenge at week 16 or
week 26 to determine whether protection still exists. We will
also assess ant1-PC and anti-Kexin recall responses in the
lung and serum as well as B-cell Elipsots to assess Tunctional
B cell memory. Here we expect that CD40L will be required
for long term functional B-cell responses. To confirm that
the titer and half life of the antibody suflice to protect the
scid mice, we will measure the titer immediately after
transier, and on day 28. Prior studies with DC-based vac-
cines suggest that 300 ul. of serum should provide suflicient
Ab to protect during the 28 day study period The relative
importance of mucosal Ab and serum Ab to protective
immunity can also be assayed, e.g., we could transfer
concentrated BAL contaimingl00 ug of protein. Controls
will consist of BAL that 1s brought up to 100 ug of protein
with naive mouse serum.

EXAMPL.
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Effect of Mucosal Boosting with Recombinant
MVA Virus-Based Vectors After DNA Priming in
Conferring Protection Against a PC Challenge

[0133] Hypothesis: We hypothesize that the co-adminis-
tration of CD40L with antigen allows for CD4IND B-cell
responses 1 vivo, and that mucosal boosting with modified
vaccinia Ankara strain (MVA)-based vectors will enhance
mucosal antigen specific B-cell responses and confer pro-
tection against PCP.
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[0134] Rationale: Our preliminary studies have demon-
strated that CD40L co-administered with Kexin antigen
resulted in CD4IND B-cell responses and protection against
PCP. However there could be a concern that an AdS-based
vector might 1tself exacerbate HIV disease in patients with
pre-existing AdS antibodies. Therefore, although our pre-
climical data support the eflicacy of AdS-based vectors 1n
rodents, it 1s possible that an alternative approach could be
a useful option for at least some patients with HIV disease.
We chose MVA vectors to explore such an alternative, as
MVA elicits strong mucosal immune responses.

[0135] Experimental Groups. Male 6-8 week old BALB/c
mice will be CD4-depleted by the administration of 0.3 mg
GK1.5 IP by weekly injection, or given rat IgG as a control.
48 hours later mice will be randomized to be vaccinated by
the IM 1njection of pmini-Kexin W, psec-mini-Kexin-WT,
pmini-Kexin CO, or psec-mini-Kexin-CO, in each ease with
or without CD40L. A control group of mice will be injected
with pBudCD40L with no PC antigen. After 6 weeks mice
will be further randomized, and given either no boost or
mucosal boosting with 10" MVA, encoding the same antigen
construct as the prime, in each case either with or without an
equal dose of MVA CD40L. A subgroup of mice will be
sacrificed to determine pre-challenge antibody and B cell
responses as outlined 1n Example 20, and the other mice waill
be challenged with 2x10° PC cysts and followed for 6
weeks. Sample sizes will consist of 10 mice per group to
give the power to resolve a 30% difference mn PC lung
burden by quantitative real time PCR.

[0136] Manipulations: Plasmid injections will be repeated
with a second dose after three weeks, as otherwise previ-
ously described by Ramsay et al. We will administer 10’ of
MVA vectors encoding antigen, either with or without MVA
CDA40L, by intranasal administration. Mice will be sacrificed
6 weeks after PC challenge to determine serum and BAL
ant1-PC and anti-Kexin antibodies, PC burden by real time
PCR, and GMS staiming of lung tissue.

[0137] Measures and Outcomes: Sera will be assayed for
ant1-PC and anti1-Kexin IgM, and IgG 1sotypes by ELISA at
3, 6, 9 and 15 weeks. Isotypes will be determined by using
appropriate anti-mouse IgG 1sotypes: IgG1, IgG2a, 1gG2b,
IgG3 (Pierce, Rockiord, 111.). At sacrifice one lung will be
inflated with 10% neutral buflered formalin and sent for
morphology examination using H & E and GMS staining.
The other lung will be placed 1n TRIzol™ reagent to assay

PC burden by real time PCR.

[0138] Expected Results and Interpretations: We expect to
observe significant protection 1 mice vaccinated and
boosted with MVA vectors encoding kexin antigens. Based
on our preliminary studies we expect the greatest protection
will occur in the codon-optimized, secreted Kexin group.
Our goal 15 to achieve a 6-log level of protection as com-
pared to the control mice vaccinated with CD40L without
antigen. During the challenge studies we also will incorpo-
rate a scid mouse control group to verily infection with the

dose of PC used.

[0139] Alternative Approaches: The dosage of the boost
will be optimized. The initial dose of 107 has been validated
in preliminary studies, but could be increased, e.g., to 10° for
both antigen and CD40L. If we observe significant protec-
tion, we will next determine the duration of protection. We
will choose the two most eflective vaccine boost combina-
tions (with and without CD40L) and challenge at week 16 or
week 26 to determine whether protection still exists. In these
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studies we will also assess anti-PC and anti-Kexin recall
responses in lung and serum, as well as B-cell Elipsots to
assess Iunctional B cell memory. Here we expect that
CD40L will be required for long term functional B-cell
responses.

EXAMPLE 22

[0140] Our hypothesis predicts that effective vaccination
requires endogenous IL-23, and results in durable vaccine
responses 1 both CD4+ T—cell deficient mice and CD40L
knockout mice. We will examine the eflicacy of CD40L
co-transduction 1n CD40L knockout mice; and the require-
ment of IL-12 family members (including IL-12p35,
IL-12p40, and IL-23), all critical activation molecules that
are induced by CD40L-modified DCs 1n generating effective
primary and memory B-cell responses. Our preliminary
studies have suggested that 1L.-23 production 1s critical to
generate B-cell memory against PC antigen.

EXAMPL.
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[0141] We investigate whether co-administration of
CD40L with prime-boost vaccination can induce Ig class
switching 1n CD40L knockout mice, and result in antigen-
specific B-cell responses.

[0142] Hypothesis: We hypothesize that CD40L co-trans-

duction with Kexin will result 1n class switching of B cells
in CD40L KO mice and the generation of anti-Kexin IgG.

[0143] Rationale: Patients with mutations 1n CD40L
resultmg in Hyper-IgM syndrome are often infected by PC.
There 1s an unfilled need for eflective vaccines for these
individuals.

[0144] Experimental Groups. Male PC-free 6-8 week old
CD40L knockout or control mice will be randomized to be
vaccinated by the IM 1njection of pKexin based on the two
most eflicacious constructs i1dentified above, followed by
randomization for no boost, or boosting with AdKexin, or
boosting with AdKexin/CID40L, or mnjection with AdCD40L
alone as a control. Sample sizes will consist of 10 mice per
group to give the resolution to detect a 30% difference 1n
anti-Kexin or ant1-PC IgG between diflerent routes of vac-
cination. The optimal dose and route of the DNA prime and
boost vector will be chosen based on the experimental
results above.

[0145] Manipulations: Based on our preliminary studies
we expect that plasmid injections will be repeated after three
weeks for two doses, followed by a single boost with the
viral vector three weeks later.

[0146] Measures and Outcomes: Sera will be assayed for
ant1-PC/Kexin IgM, and IgG 1sotypes by ELISA at 3, 6, and
9 weeks. Isotypes will be determined by using approprate
anti-mouse IgG 1sotypes: IgGl, 1gG2a, 1gG2b, or IgG3
(Pierce, Rockiord, Ill.). At 9 weeks, a subgroup will be
boosted with an IN injection of 10 particles of AdKexin (a
recombinant adenovirus expressing Kexin). A control group
will be left un-boosted, or boosted with AdCD40L.. Three
weeks after the boost, mice will be sacrificed and we will
measure anti-PC/Kexin antibodies m serum and BAL fluid.
Splenocytes and mediastinal lyvmph node cells will be har-
vested to determine the precursor frequency of antigen-
specific B-cells by Elipsot. Serum antibodies will also be
tested for complement-dependent killing, as well as opsonic
phagocytosis and killing of PC 1n vitro as described above.
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[0147] Expected Results and Interpretations: Based on our
preliminary studies showing that AdCD40L delivery to the
lungs resulted in a significant increase n anti-PC/Kexin
mucosal IgA and IgG, we expect that CD40L will most
likely be optimal when included in both the prime and the
boost. We also expect to observe an increase in opsonic

killing of PC.

[0148] Alternative Approaches: If CD40L co-transduction
in v1vo 1s less eflective than we expect, then we will perform

co-culture experiments of irradiated AdCD40L (or control)
modified DCs, pulsed with OVA to induce B cell prolifera-

tion and class switching 1n CD19+ B cells from CD40L KO
mice. Particularly we will investigate the ratio of DC’s to B
cells to induce differentiation and generation of anti-OVA
IgG 1n vitro. If higher ratios of DCs are required to induce
B cell proliferation i CD40L KO mice as compared to
control C37BL/6 mice, then we will investigate the effects
of higher doses of DNA priming, boosting, or both 1n vivo.
Secondly, if we observe a significant amount of class
switched antibody against PC 1n CD40L KO mice, we will
repeat the experiment with a PC challenge as outlined above,
to examine the eflicacy and duration of protection in these
mice. If we observe eflicacy with the MVA platiorm, we will
also repeat this experiment substituting MVA vectors for Ad
vectors to examine their eflicacy and duration of protection.

EXAMPL.
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Examine the Role of 1L-12p35, IL-12p40, and
IL.-23 1n Mucosal Prime Boosting with

Recombinant Adenovirus Virus-Based Vectors
Against PC

[0149] Hypothesis: We hypothesize that the co-adminis-
tration of CD40L with antigen allows for CD4IND B-cell
responses in vivo, and that mucosal boosting will enhance
mucosal antigen specific B-cell responses and enhance pro-
tection against PCP.

[0150] Rationale: Our preliminary studies demonstrated
that CD40L-modified DCs required 1L.-23 for a functional
B-cell recall response to PC antigen when the DCs were
pulsed with PC organisms. However, these preliminary
results do not in themselves show whether 1L.-23 1s also
required for the prime boost regimen 1 vivo. If 1L-23 1s
indeed required in vivo, then IL-23 could be used as a
mucosal adjuvant. Secondly, up to 3-7% of the population 1s
heterozygous for a non-synonymous SNP in the IL-23R
coding region. It 1s possible that this polymorphism could
reduce the immunogenicity of the novel vaccine platform in
heterozygous individuals, or in individuals homozygous for
the less frequent allele.

[0151] Experimental Groups. Male 6-8 week old BALB/c
mice will be CD4-depleted by the administration of 0.3 mg
GK1.5 IP by weekly 1njection. 48 hours later, mice will be
randomized to be vaccinated by the IM 1njection of the two
most eflicacious Kexin constructs as identified above:
pmini-Kexin WT, psec-mini-Kexin-WT, pmini-Kexin CO,
or psec-mini-Kexin-CO with CD40L. Control mice will be
injected with pBudCD40L with no PC antigen. After 6
weeks the mice will be further randomized to no boost or
mucosal boosting with 107 adenovirus encoding the same
antigen construct as the prime, 1n each case with or without
an equal dose of AACD40L or 10’ of fowl pox vectors
encoding the same antigen (with our without CD40L).
Either an adenovirus vector or an MVA vector will be used,
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based on their relative eflicacy as determined in the experi-
ments described above. At 9 weeks 50% of the mice will be
sacrificed to examine serum and mucosal anti-Kexin/PC
antibodies as well as antigen-specific B-cells. The other 50%
will be challenged with 2x10° PC cysts intratracheally and
sacrificed 7 days later to assess the role of 1L.-23 in regu-
lating antigen specific B-cell recall responses. Sample sizes
will consist of 10 mice per group to give the statistical
resolution to detect a 30% diflerence 1n antigen specific
B-cell responses.

[0152] Measures and Outcomes: At the time of sacrifice
(erther week 9 or week 10 1n PC challenged mice) lungs will
be lavaged for anti-PC and anti-Kexin IgA levels. Kexin-
specific, IgG-expressing B cells 1n the spleen and mediasti-
nal lyvmph nodes will be assayed by Elispot. One lung will
be placed 1mn TRIzol™ reagent for measuring PC mtLSU
copy number by real time PCR. Serum antibodies will be
tested for complement-dependent killing, as well as opsonic
phagocytosis and killing of PC 1n vitro as described above.
[0153] Expected Results, Interpretations and Alternative
Approaches: We expect to observe the induction of anti-PC
and anti-Kexin primary antibody responses in the serum of
all mice. However, we expect to observe a defect in mucosal
boost responses as well as PC recall response 1n the lungs of
IL.-23- and IL-12p40-deficient mice. We also expect to
observe an increase 1in opsonic killing of PC 1n 1L-23 1ntact
mice (only). Such results would be consistent with the
expected role of IL-23 1n expanding the B-cell memory pool.
If this 1s indeed the case, then we will repeat the experiment
and examine the effect of adding AdIL-23 (or MVA 1L-23)
in the boost along with AdCD40L to determine whether
exogenous IL-23 can restore B-cell expansion 1n
IL-12p40-/- or IL-23pl19-/- mice. We have previously
prepared the AdIL-23 vector. Preliminary studies suggest
that the AdIL-23 wvector will restore B-cell memory

responses, at least in the context of ex vivo, pulsed DC-
based vaccination with IL-23p19—/- DCs.

EXAMPL.
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Testing In Vivo. CD4IND, Pathogen-Specific

Immune Responses Against Preumocystis Kexin
are Generated 1n an SIV Model of

Immunodeficiency in Macaques

[0154] We will confirm that the muini-kexin constructs
produce vaccine-induced 1mmune responses 1 SIV-in-
tected, CD4-deficient macaques. Control or SIV-infected
macaques will undergo DNA priming followed by mucosal
boosting 4 weeks after mock or live SIV infection. Outcome
measures will include humoral responses to the vaccine and
the prevention of Preumocystis colonization as determined
by PCR in BAL fluid. Preliminary studies suggest that
Preumocystis colonization occurs in up to 80% of SIV-
infected (untreated) macaques, compared to 0% in non-SIV
infected monkeys.
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Evaluate the Effect of CD40L on Monkey DCs

[0155] Hypothesis: We hypothesize that AdhCID40L-
transduced (or MVA hCDA40L transduced) monkey DC’s
will demonstrate maturation by an increase 1n Class 11 MHC

expression, and that they will demonstrate activation by
enhanced elaboration of IL-12 and IL-23 1n culture.
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[0156] Rationale: Preliminary studies have demonstrated
similar results 1 the mouse model. We therefore expect
similar results 1n the macaques.

[0157] Experimental Groups. Monkey DC’s from juvenile
macaques with normal CD4 counts will be purified by
CDllc+ beads (Miteny1r Biotech) from peripheral blood.
Monkey DC’s will be grown in RPMI 1640 and then mock
transfected with PBS; or transfected with AAEGFP or with
AdhCDA40L at MOIs of 35, 10, 30, and 100. We will carry out
similar experiments with MVA CD40L. Sample sizes will
consist ol 4-6 control macaques; and transductions will be
carried out 1n triplicate.

[0158] Manipulations: CD11c+ DCs will be cultured 1n
RPMI 1640 growth medium supplemented with 1% monkey
plasma. 50,000 to 100,000 cells will be analyzed by four-
color FACS for each of the following DC markers: anti-
HLA-DR, CDR8O0, CD86, and CD25 from B-D Pharmingen,
and CDR83 from Coulter. Immature DC’s are typically HLA-
DR**, CD86**, CD80*/ (CD837* and CD25-,
whereas mature DC’s are HLA-DR™™, CDR6™, CD25™,
CD80™", and CD83™". The remaining DC’s will be trans-
duced with MOIs of 0, 5, 10, 50, or 100 of AAEGFP or
AdhCD40L (or MVA vectors) and cultured for 24 hours. The
supernatant will be harvested for determinations of monkey
IL-12 (p40 and p70) and TNF-alpha (Biosource, Camarillo,
Calif.). The cells will be stained for maturation markers as
outlined above, as well as for CD40L with clone TRAP-1-
PE from Immunotech (Westbrook Me.). I1L-23 will be mea-
sured by ELISA (Bender MedSystems).

[0159] Expected Results and Interpretations: We expect to
observe dose-dependent transduction of Monkey DC’s by
both AAEGFP and AdhCD40L., as measured by an increase
in the mean channel fluorescence of GFP m AdJEGEP-
transduced cells, and by an increase 1n CD40L as measured
by TRAP-1 PE staining. Bioactivity of AdhCD40L will be
assessed by the ability of the vector to selectively iduce
IL-12, IL-23, and TNF-alpha 1n supernatants from
AdhCD40L-transduced DCs. We also expect to observe the
maturation of DC’s transduced with AdhCD40L as mea-
sured by an increase i mean channel fluorescence in
HLA-DR, CD86, and CD83 expression. There may also be
some 1ncrease in HLA-DR, CD86, and CD83 expression 1n
AdEGFP-transduced cells.

[0160] Alternative Approaches: We expect eflicient trans-

duction of DCs with an MOI of 100. Moreover, human
CD40L (h CD40L) has 99% homology with CD40L from
monkey. Preliminary studies show that hCD40L 1induces
IL-12p70 1n monkey DCs. Thus we expect that hCD40L
should have bioactivity in this system. If, however, we
observe a defect in DC activation, we will assess hCD40L
at the protein level by FASC and at the transcript level by
RT-PCR to verily 1ts expression 1in DCs with the Ad vector
or the MVA vector.
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Generating Kex1 Antigen-Specific 1gG 1n
SIV-Infected Macaques by Heterologous,
Prime-Boost Immunizations

[0161] Hypothesis: We hypothesize that DNA priming
tollowed by heterologous adenovirus or MVA virus boosting
will elicit potent anti-Kex 1 systemic and mucosal antibody
responses and protection against PC colonization.
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[0162] Rationale: The results of the prior studies will help
us choose which Kexin DNA construct to use in macaques,
and whether to use adenovirus or MVA as the boost.

[0163] Experimental Groups. There will be five vaccine

groups:

[0164] 1. SIV-unminfected, preumocystis vaccine with
CD40L (n=8)

[0165] 2. SIV-nfected, preumocystis vaccine with CD40L
(n=38)

[0166] 3. SIV-uninfected, preumocystis vaccine without
CD40L (n=4)

[0167] 4. SIV-infected, sham vaccine, without PC chal-
lenge (n=3)

[0168] 5. SIV-uninfected, sham vaccine, without PC chal-
lenge (n=3)

[0169] Due to expense and the likelihood that the preu-

mocystis vaccine alone (without CD40L) will not elicit
strong humoral immunity, the SIV-uninfected, preumo-
cystis vaccine without CD40L group (Group 3) may be
omitted from the study.

[0170] Groups 4 and 5 will be used as shared controls.

[0171] Manipulations, Measurements, and Outcomes:
Animals (male juvenile Rhesus macaques) will be pre-
screened by ELISA for anti-PC Kexin titers and anti-
adenovirus titers (the latter, 1f we choose an adenovirus
plattorm). Only animals with neghglb e titers, defined as
less than 1:64 (OD4350 cutotl of 0.1), will be enrolled. At —4
weeks monkeys will be infected with SIVmac251, or mock
infected with saline injection. The dose of virus will be 50
TCIDS50. Inoculations will be made intravenously, via the
saphenous vein. At week 0, the macaques will undergo a
baseline bronchoscopy, they will be assessed for serum and
BAL anti-Kex 1 antibodies, and they will be assessed for PC
colonization by nested and real time PCR. BAL fluid will be
obtained by bronchoscopy 1n anesthetized animals. Plasmid
DNA will be administered at a dose of 2 mg IM (2 sites
[quadriceps], at 1 mg each in 0.5 ml saline). The plasmid
DNA will encode the Kex1 construct that has shown the
greatest eflicacy 1n mice, with or without CD40L, as appro-
priate for each of the group assignments listed above. DNA
will be administered at weeks 0 and 3 (1.e., 4 and 7 weeks
alfter mock or live SIV ifection), At week 6 monkeys will
undergo another bronchoscopy, and blood samples will be
taken to determine pre-boost anti-Kex1 antibodies 1n serum
and BAL. Following the bronchoscopy, a boost immuniza-
tion will be administered intranasally with adenovirus (10'°
pfu) or MVA (10%) encoding Kexl and hCDC40L, or
encoding Kex1 alone for monkeys 1n the no-CD40L group.
A third bronchoscopy will be performed at week 8 to assess
the eflect of the boost on anti-Kex1 IgG i serum, and
anti-Kex1 IgA 1 BAL. Two more bronchoscopies will be
performed at weeks 20 and 32 to assess longevity of the
antibody responses, as well as the level of Preumocystis
colonization as determined by both nested and real time
PCR. At week 32 we will harvest mediastinal lyvmph nodes
for B-cell Elispot assays, and lung tissue for histology.
Real-time PCR will also be used to assess PC colonization
in the lungs. To monitor the safety of the approach in the
macaque model we will also obtain complete blood counts
and serum chemistries, including liver transaminases, at

weeks 6, 8, 20, and 32.

[0172] Expected Results and Interpretations: We expect
that the Kex1/CD40L vaccination procedure will be sate and
will not have associated hematological or liver toxicity. We
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expect to observe significant increases 1n antigen-speciiic
IgG 1n both SIV+ and SIV - animals receiving hCD40L with
Kex1. Moreover, we expect higher anti-Kex 1 IgG and IgA
levels 1n SIV- animals receiving the Kex1/CID40L combi-
nation as compared to Kex1 alone. Moreover we expect the
addition of a mucosal boost will significantly augment the
levels of anti-Kex1 IgG and IgA in BAL fluid (particularly
in the Kex1/CD40L groups). We expect to observe that the
Kex1/CD40L vaccine will be associated with reduced PC
colonization 1n the BAL at week 20, and 1in the BAL and
lung tissue at week 32 1n SIV-1nfected monkeys as compared
to the group 4 or 5 animals.

[0173] Altemative Approaches: If we observe significant
increases 1n anti-Kex1 IgG in SIV- animals but not 1n SIV +
amimals, such an outcome could be due to inadequate DC
homing or an madequate dose of the boost. If that should be
the case, then we will repeat a mucosal boost with one log
higher virus dose. Our primary measurement in these experi-
ments will be the level of PC colonization, as determined by
nested and real time PCR. In humans these two assays have
over a 93% concordance rate. Our expected figure of 80%
spontaneous PC colonization 1 SIV infected macaques 1s
based on observations of animals housed 1n Pittsburgh, and
we are not yet sure whether a similar level of infection waill
be seen 1n macaques housed at the Tulane Primate Center. To
assess, 25 SIV-positive and 25 SIV-negative lung tissue
samples and paired BAL samples will be tested to determine
the prevalence of PC colonization at necropsy in these
monkeys. Assuming the figure 1s at least 60% for the
SIV-positive cohort, then this set of experiments should
provide a meaningful outcome. If the figure should be lower,
then we will identify lung samples with high burdens of CP
organisms, and i1solate organisms from those samples to use
for inoculation at week 20. Lungs from identified animals
will be disrupted and processed as has been previously
described for murine lung; cysts will be purified by sucrose
gradient purification.

EXAMPLE 28

[0174] Preumocystis 1s also a common infection follow-
ing medically-induced immunosuppression, for example 1n
cancer chemotherapy, or in suppressing host rejection of
transplanted tissues or organs. Vaccination with mini-kexin
can protect against PCP 1n such instances.

[0175] As a demonstration in a mouse model, we per-
formed DNA plasmid mini-Kexin prime-boost vaccination
in wild type mice, and then depleted CD4+ T-cells. Deple-
tion of CD4+ T-cells makes unvaccinated mice susceptible
to PCP. Female 6- to 8-week-old C57BL/6 and BALB/c wild
type (wt) mice were immunized intramuscularly with a mini
Kexin-encoded, pBUD plasmid vector twice, two-weeks
apart. The four mimi Kexin vectors encoded secreted (s) or
non-secreted versions of mini kexin, either codon-optimized
(co) or wild type (wt). Two weeks after the second plasmid
DNA prime vaccination, the mice were intranasally boosted
with recombinant adenovirus encoding the same type of
mimi-Kexin as had been used in the prime vaccination.
Because the vaccinated mice imitially had normal levels of
CD4+ T-cells, we did not include CD40L in either the
priming or boosting vector. To artificially induce an 1immu-
nosuppressed state, the mice were then depleted of CD4+ T
cells by administration of monoclonal antibody GK1.5,
repeated weekly, starting two weeks after the boost. After
one week of CD4+ depletion, the mice were challenged
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intratracheally with 2x10°> PC organisms per mouse. Four
weeks later the mice were euthanized, and lung tissues were
collected for PC organism burden (assayed by real-time
PCR).

[0176] As shown in FIG. 9, all four mmmiKexin plasmid
vaccines provided significant protection against PC infec-
tion, as compared to Rag2/gamma chain double-knockout
mice, which lack B, T, and NK cells (n=5-6 per group, *
denotes P<t0.05, Student’s-t-test as compared to RAG2/
gamma C KO).

EXAMPL.
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[0177] Following successiul completion of animal trials,
vaccines 1n accordance with the present invention are tested

in human patients 1n clinical trials conducted 1n compliance
with applicable laws and regulations.
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Detailed Methodology

[0178] Except as otherwise stated, the following maternials
and procedures have been used or will be used 1n the
experiments described above:

[0179] 1. Animals. Virus-free BALB/c mice, aged 6-8
weeks, will be purchased from NCI/Charles River. Prelimi-
nary experiments have shown that animals from this supplier
are not chronically infected with P. carinii. 1L-12p35,
IL-12p40, and IL-23p19 mice on a C57BL/6 background are
maintained in our laboratory. Homozygous C.B17 scid/scid
(scid) mice will be purchased from NCI/Charles River or
Taconic Laboratories in Germantown, N.Y. All animals will
be housed 1n separate rooms at the LSU Medical Center
Animal Care Facility in HEPA-filtered ventilated racks.
Mice are fed autoclaved chow and water ad libitum, and are
held 1n the facility for least 2 days before mitiating treat-
ment. Changes of animal cages, bedding, water bottles, and
tood will be performed in a laminar flow hood. Access to the
room 1s limited to specific laboratory personnel and animal
care personnel; gown and gloves are required for all workers
entering the room. It 1s estimated that we will use a total of
1368 mice 1 the experiments described. Macaques are
housed at the Tulane National Primate Research Center.
Where applicable, monkeys are pre-anesthetized with
acepromazine (0.2 mg/kg, 1.m.) and sedated with ketamine-
HCI (10 mg/kg, 1.m.) for bronchoscopy and blood sampling.
Bronchoscopy will be performed with topical anesthesia
with 2% xylocaine.

[0180] 2. Monitoring Animal Health. Sentinel DBA mice
are co-housed in the same room as the experimental mice,
with bedding regularly taken from the cages of P. carinii-
infected and scid mice. The sentinel mice are sacrificed
quarterly and tested for antibody titers to a variety of murine
viruses and pathogens. Regular consultation with veterinary
stail 1s used to assure and to confirm specific-pathogen-iree
conditions for the experimental animals.

[0181] 3. Mamtenance of P. carinii m scid or CD40L
knockout mice. To assure a consistent supply of P. carinii,

the P. carinii organisms will be passaged through the lungs
of C.B17 scid/scid (on a BALB/c background) or CD40L

KO mice (on a CS7BL/6 background). We presently main-
tain a breeding colony of PC-free and PC-infected CD40L
KO mice 1n separate rooms. Groups of scid or CD40L KO
mice will be inoculated with P carinii organisms as
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described below. Inoculated mice will be housed 1n venti-
lated racks for 4-6 weeks belore being sacrificed to harvest
P. carinii from lung tissue.

[0182] 4. Inoculation of Mice with P. carinii organisms. F.
carinii organisms used for imnoculation will be prepared from
homogenized lungs of chronically infected scid or CD40L
KO mice. We have previously used athymic mice, but have
found that scid mice develop more consistent and intense
infections. The C.B17 scid mouse strain 1s allotype co-
1sogenic to BALB/c mice. Briefly, lung tissue will be
obtained from scid or CD40L KO mice chronically infected
with P. carinii. The lungs will be frozen for 30 minutes, and
then disrupted mechanically 1n a Stomacher™ 80 Biomaster.
The disrupted lung tissue will be filtered through gauze and
adjusted to a level of 2x10° cysts/ml, as assessed by Dif-
fQuk™ Romanowski stamning. P. carinii will then be
injected into the trachea of lightly anesthetized BALB/c
mice by passing a blunt needle into the trachea per os and
then threading a catheter through the needle into the low
trachea. Each mouse will receive 0.1 ml of inoculum (2x10°
cysts), followed by 0.8 ml of air. To assure viability of the
organisms, the moculum will be 1njected 1nto recipient mice
on the day of preparation. Lung homogenates containing F.
carinii will be routinely checked for endotoxin contamina-
tion using the Whitaker endotoxin assay. The inoculum will
also be quantified using a TagMan™-based assay for rRNA
copy number. For antigen preparation, PC organisms will
1solated from lung tissue of C.B-17 scid mice (for experi-
ments 1 BALB/c mice) or CD40L KO mice (for experi-
ments 1 C57BL/6 mice) that were previously 1noculated
with PC. PC organisms will be purified by differential
centrifugation, and protein antigen will be produced by
sonication for 5 minutes.

[0183] 5. Examination of Lung Tissue for P. carinii Infec-
tion. Lung tissue will be fixed 1n formalin and stained with
Gomort’s methenamine silver and hematoxylin/eosin.

[0184] 6. Controls for Bacterial/Fungal/Viral Infection.
Random samples of lung tissue from control and experi-
mental mice will be cultured to exclude the possibility of
intercurrent bacterial or fungal infection. In addition, when
the experimental design permits, touch preps will be made
of lung tissue prior to formalin fixation and gram staining to
look for bacterial infection. Also, co-housed sentinel DBA
mice are routinely monitored for serologic titers against
common viral pathogens, including Sendair and Mouse
Hepatitis Virus.

[0185] 7. Depletion of host CD4+ lymphocytes. The
hybridoma GK1.5 (rat antiCD4) was originally obtained
from the American Type Culture Collection (Manassas, Va.)
and 1s maintained in the LSU Monoclonal Antibody Facility,
GK1.5 1s arat IgG2b monoclonal antibody. Antibodies from
this hybridoma are prepared from ascites 1in athymic mice.
The antibodies are partially purified by ammonium sulfate
precipitation, dialyzed against phosphate butlered saline,
and quantified by protein electrophoresis and optical density.
To deplete mice of CD4+ T lymphocytes, mice will recerve
an intraperitoneal 1njection of 0.3 mg anti-CD4 monoclonal
antibody 1n 0.2 ml PBS. Control mice will recerve an equal
volume of rat IgG, Depletion of CD4+ lymphocytes will be
checked by flow cytometric analysis of splenocytes or
peripheral blood as described below. Depletion of the appro-
priate lymphocyte subset will be maintained by weekly
administration of the antibodies for the course of the experi-
ment.
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[0186] 8. RNA isolation and TagMan™ probes and prim-
ers for PC rRINA. Total RNA 1s 1solated from the right lung

of infected mice by a single step method using TRIzol™
reagent (Life Technologies CA, USA). As a standard for the
assay, a portion of PC muris rRNA (GenBank Accession No.
AF257179) 1s cloned into PCR2.1 (Invitrogen, Carlsbad,

Calif.), and PC rRNA 1s produced by 1n vitro transcription
using 17 RNA polymerase. The template 1s digested with
RNase-free DNase, quantitated by spectrophotometry and
aliquoted at —80° C. until used. The Tag PCR primers for
mouse PC rRNA are 5'-ATG AGG TGA AAA GTC GAA
AGG G-3' (SEQ ID NO. 7) and 5'-TGA TTG TCT CAG
ATG AAA AAC CTC TT-3' (SEQ ID NO. 8). The probe 1s
labeled with a fluorescent reporter dye, 6-carboxyftluorescein
(FAM), and the sequence 1S 6FAM -
ACAGCCCAGAATAATGAATAAAGTTCCTCAATTGT-
TAC-TAMRA (SEQ ID NO. 9). (TAMRA—tetramethyl 6-
Carboxyrhodamine.) Real-time PCR is carried out using
one-step TagMan™ RT-PCR reagents (Applied Biosystems,
Foster City, Calitf.). The PCR amplification 1s performed for
40 cycles: 94° C. for 20 s and 60° C. for 1 min, in triplicate
using the ABI Prism 7700 SDS. The threshold cycle CT
values are averaged from the values obtained from each
reaction, and data are converted to rRNA copy number using

a standard curve. This assay has a correlation coeflicient
greater than 0.98 over 8-logs of PC RINA concentration, and
1s known to correlate with viable PC since either heat killing
or exposure to Trimethoprim/Sulfamethoxazole ablates the
signal.

[0187] 9. Preumocystis viability assay. Macrophages (10°/
ml) suspended 1n a volume of 100 ul of RPMI 1640 medium
containing FCS are co-cultured in round-bottom 96-well
plates with PC (2x10” cysts/ml, 50 ul), yielding an effector-
to-total-PC organism ratio of 1:1 (estimated 1:10 cyst to
trophozoite ratio). Before addition of PC, organisms will be
preopsonized with 50 ul of serially diluted serum or nor-
malized BAL, or 50 ul of DMEM plus 10% FCS. Included
as a viability control are PC organisms incubated with
control medium, DMEM plus 10% FCS. The plates are spun
at 2500 rpm to pellet the PC organisms. The supernatants
and cell pellets are collected, and total RNA 1s 1solated using
TRIzol™ LS reagent (Invitrogen Life Technologies). Viabil-
ity of the PC 1s analyzed with real-time PCR measurement
of PC large subunit rRNA copy number (GenBank accession
number AF257179), and quantified against a standard curve.
This method detects viable PC organisms, as evidenced by
loss of detectable PC rRNA 1n heat-killed organisms or those
exposed to trimethoprim/sulfamethoxazole.

[0188] 10. PC Kex 1 ELISA. To determine anti-PC or
Kex1 IgG titers, ELISA plates (Corning, N.Y.) are coated
with 100 ng of PC antigen or Kex 1 antigen (provided by Dir.
Karen Norris, University of Pittsburgh) per well 1n carbonate
bufler at pH 9.5, and held overnight. Plates are washed with
PBS+0.05% Tween-20 (wash butfler) and blocked with
bovine serum albumin and 2% milk. After washing, serial
dilutions of serum will be added to each well and incubated
for one hour at room temperature. Then, aifter washing, 100
ul of 1:1000 alkaline phosphatase conjugated goat anti-
mouse IgG or IgA (Bi1o-RAD, Hercules, Calif.) will be
added and incubated for one hour at room temperature.
Then, after washing, the plates are developed using Sigma
104 substrate tablets in diethanolamine buffer, and absor-
bance 1s measured at 490 nm. Ant1-PC and anti-Kex1
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specific mouse IgG 1sotypes will be assayed. For macaque
antibodies we use anti-Rhesus IgA and IgG.

[0189] 11. Bronchoalveolar lavage. Lavaged lymphocytes
will be obtained by bronchoalveolar lavage of mice anes-
thetized with intraperitoneal pentobarbital. This technique
has been previously used in our laboratory to recover lung
cells from mice, rats, and monkeys. For mouse studies, the
lungs will be lavaged through an intratracheal catheter with
warm (37° C.) calcium- and magnesium-deficient PBS
supplemented with 0.5 mM EDTA. A total of 11 ml will be
used for each mouse 1n 0.5 ml increments, with a 30 second
dwell time. This technique recovers 0.5-1x10° cells from
normal animals, of which greater than 95% are alveolar
macrophages, with greater than 95% wviability as measured
by trypan blue exclusion. In mice mnoculated with P. carinii,
total cell count can be as high as 4-6x10°, and the percentage
of lymphocytes contained within the lavaged cells 1s as high
as 50%. For some studies, the first 1.0 ml of BAL fluid may
be frozen for cytokine analysis, or BAL fluid may be
concentrated to recover detectable cytokine or IgA.

[0190] 12. Retrieval of hilar and paratracheal lymph
nodes. Hilar lymph nodes and paratracheal (mediastinal)
lymph nodes will be resected under sterile conditions from
mice given a lethal dose of pentobarbital. This method has
been used to study draining lymph node cells from mice
challenged with antigen. The lymph nodes will be passed
through a sterile mesh screen into culture medium, and
adjusted for cell number with a hemacytometer. Using this
technique, approximately 12-15x10° cells are recovered
from a mouse 1inoculated with P. caririi. More than 90% of
these cells are lymphocytes as measured by DifiQuik™
staining. Cells will be processed for flow cytometry as
outlined above.

[0191] 13. B-cell Elipsots. To determine precursor ire-
quency of Kexl specific IgG B-cells, we will perform
ELISPOT assays using FACS-sorted B cell populations.
96-well PVDF filter plates will be coated with Kex1, and
serial dilutions of sorted B cells will be applied to the wells.
Anti-Kex1 antibodies captured on the filter will be visual-
ized by staining with an AP-conjugated anti-IgG or IgA
secondary antibody. After developing with chromogenic
substrate, the plates will be counted using an automated
plate reader, and the percentage of antibody producing cells
in each subset will be calculated.

[0192] 14. DNA Vaccination. For intramuscular delivery,
mice are anesthetized with 1soflurane. Then 100 microgram
of the DNA vaccine 1s delivered 1n 100 pl of normal saline
to the tibialis muscle (1.e., 50 ul per hind leg) using a
fine-needle (30 G) tuberculin syringe. If needed, we will
follow 1mmediately by mild electroporation using a BTX
ECM 830 clectroporator apparatus with caliper electrodes
(Harvard Biosciences). Immediately following injection of
DNA to each leg, the calipers will be set to 4-5 mm and
placed tightly on either side of the tibialis. The machine waill
be discharged twice, resulting 1n 2x20 millisecond pulses of
150V at an interval of 1 sec.

[0193] 15. Statistical Analysis. Data will be analyzed
using StatView statistical software (Bramnpower Inc., Cala-
basas, Calif.). Comparisons between groups will be made
with the Student’s t-test, and comparisons among multiple
groups will be made with analyses of variance and appro-
priate follow-up testing. The Mann-Whitney test or the
Wilcoxson paitred sample test will make ordinal compari-
sons. Significance will be taken as p<0.05.

Jun. 8, 2023

EXAMPL.

L1

31

Use and Care of Vertebrate Animals

[0194] 1. Justification for the Use of Experimental Ani-
mals: There are no alternatives to the use of live animals to
study host defense mechanisms, nor to study vaccine
responses against Preumocystis. Pneumocystis cannot be
reliably maintained 1n vitro, so research with this pathogen
requires the use of amimal models of infection. Rhesus
monkeys are being used because of the similarities between
infection of this species with simian immunodeficiency virus
(SIV) and human infection with HIV/AIDS.

[0195] 2. Veterinary Care of Experimental Amimals: Mice
will be housed 1n a separate room at the LSU Medical Center
Animal Care Facility 1n ventilated rack caging. This facility
1s State-licensed and fully accredited by the American
Association for Accreditation of Laboratory Animal Care
(AAALAC), Animals are housed under specific-pathogen-
free conditions. Personnel access to the animal room 1s
limited. All food, cages, water, and bedding 1s autoclaved
prior to use. Gowns, gloves, and mask are required to handle
the animals. All cage, food, and bedding changes take place
in a laminar flow biosafety hood 1n the same room. Sentinel
amimals are housed in the same room with sample bedding
from the mmmunosuppressed animals. Serum from these
sentinel animals 1s routinely screened for a battery of murine
pathogens. A veterinarian oversees the facility.

[0196] Veterinary care of the macaques at the Tulane
National Primate Research Center will be handled similarly.
The animals undergoing study will be monitored closely for
food and water intake, and routine blood work will be
limited to 40 cc/month. The primate center has strict pro-
tocols 1 place to euthanize SIV-infected animals when
weilght loss or other clinical parameters indicate significant
morbidity. Animals to be mfected with SIV will receive 50
TCIDS50 of strain SIVmac231, a pathogenic strain to which
amimals have had a median survival of 210 days 1n past
studies. Basic monitoring will include: 1) twice daily obser-
vations by a trained animal care technician, 2) physical
examinations including blood sampling prior to SIV 1nocu-
lation, after SIV 1noculation, and at bi-monthly intervals
thereafter. All physical examinations and invasive proce-
dures will be performed on anesthetized animals. The anes-
thetic used will either be a combination of ketamine-HCI (10
mg/kg, 1.m.) and acepromazine (0.2 mg/kg, 1.m.), or Telazol
(5 mg/kg of Tiletamine and Zolazepam).

[0197] Containment practices at the Tulane Primate Cen-
ter are 1 accordance with the recommended guidelines in
the Center for Disease Control Morbidity and Mortality
Weekly Report, vol. 31 (#43) “AlIDS: Precautions for Clini-
cal and Laboratory Stafl, pp. 577-580 (1982); vol. 32 (#34)
“AIDS: Precautions for Health Care Workers and Applied
Professionals™ pp. 377-380 (1983); and the Biosafety in

Microbiological and Biomedical Laboratories Guidelines,
First edition (1984).

[0198] 3. Experimental Procedures Involving Live Ani-
mals:
[0199] a. Intratracheal Inoculation with P. carinii Organ-

1sms: Preumocystis carinii organisms will be obtained from
the lungs of chronically infected scid or CD40L KO mice.

Organisms for this colony of infected mice were originally

obtained from the Fox Chase Cancer Center in Philadelphia,
Pa. Mice will be sacrificed by a lethal (400 mg/kg) dose of
IP pentobarbital, followed by exsanguination once they are
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deeply asleep. The lungs will then be removed aseptically,
and Preumocystis carinii organisms will be recovered for
injection 1nto other scid mice (to maintain the organisms) or
into BALB/c mice (to conduct the proposed experiments).
The Preumocystis carinii organisms will be injected in a
volume of 0.1 ml mto the tracheas of mice lightly anesthe-
tized with mhaled 1soflurane. Once the animals are asleep,
the amimals are brietly suspended by their teeth, the tongue
1s gently pulled forward with tweezers, and the inoculum 1s
injected into the lungs using a blunt 18 g needle. These
inoculations do not appear to cause undue discomifort or
pain, and are (themselves) associated with minimal mortal-
ity. Once the injected animals have recovered from the
anesthesia, they (initially) appear healthy.

[0200] Mice will not receive analgesics after intratracheal
inoculations for the following reasons: a) Many analgesics
are known to alter the host response to infection and
endotoxin. b) There 1s no evidence that mice undergoing this
procedure experience pain or discomiort. ¢) Most analgesics
have an extremely short half life 1n rodents, which would
necessitate multiple injections, that could become a stress in
themselves.

[0201] b. Depletion of CD4+ lymphocytes: Mice will be
depleted of lymphocytes by weekly intraperitoneal injec-
tions (0.2 ml) with an ant1-CD4 monoclonal antibody. This
procedure ¢ ectwely depletes treated animals of targeted T
lymphocytes 1n blood and lymphoid tissue with minimal
morbidity and no mortality (in itself). Treated animals do not
lose weight and they (initially) appear healthy.

[0202] c¢. DNA vaccination and mucosal boosting: Mice
will be mjected under 1soflurane anesthesia with endotoxin-
free plasmid DNA, 100 ng, split in two injections, one into
cach tibialis anterior muscle. Mucosal boosting 1s performed
by the intranasal administration of virus under 1soflurane
anesthesia.

EXAMPL.

L1

32

Uses Against Other Pathogenic Fungi

[0203] The methods and constructs of this invention are
also expected to be effective 1n conferring immunity against
at least some other pathogenic fungi, for example Candida
glabrata and Candida albicans, both of which are human
pathogens. A BLAST comparison of the kexin amino acid
sequences 1n these two species versus that of P carinii
showed 53% homology with that of C. glabrata and 50%
with that of C. albicans. Ellectiveness against other fungal
species with ~40% or more amino acid sequence homology
1s expected.
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SEQUENCE LISTING

Sequence total quantity: 11

SEQ ID NO:
FEATURE

1

misc_feature

SOuUrce

SEQUENCE :
atgtecttgta
gcatataatt
gtttttggaa
agtccatata
gagcaatgtt
atttga

SEQ ID NO:
FEATURE

gctggggacc
caattattaa

gtggaaatgg
ctattactat

cttcegttet

2

misc_feature

SOuUrce

SEQUENCE :

atggacacag
gcggceaccagce
gatggaaaaa
aatcttggaa
tatgataatt
atagatgtga
acatattcgyg

SEQ ID NO:
FEATURE

acacactcgt
cggccaggcy
caattgaagy

ggaaaggtct
gcaattacga

gaggaataag
gttctattgt

3

misc_feature

SOouUurce

SEQUENCE :
atgagctgca
gcctacaaca
gtgttcggca
tccecectaca
gagcagtgca
atctga

SEQ ID NO:
FEATURE

gctggggacc
gcatcatcaa

gcggcdacyy
ccatcaccat

gcagcgtgcet

4

misc_feature

SOUrce

SEQUENCE :

atggacaccyg
gcegeccagce
gacggcaaga
aacctgggcc
tacgacaact
atcgacgtgc
acctacagcy

SEQ ID NO:
FEATURE
REGION

sOource

SEQUENCE :

MSCSWGPRDD GKTIEGVPYS AYNSIINGIN LGREKGLGSIY VEGSGNGGYY DNCNYDGYVV

acaccctggt
ccgecagacg
ccatcgaggg
ggaagggcct
gcaactacga

ggggcatccy
gcagcatcgt

5

moltype =

DNA length

Location/Qualifiers

1..306

note = mini-Kexin,

1..306
mol type
organism

tcgtgatgat
tgggataaat
aggctattat
cggttctata
tgcttctaca

moltype =

other DNA
synthetic

ggaaaaacaa

cttggaagga
gataattgca
gatgtgagag
tattcgggtt

DNA length

Location/Qualifiers

1..399

note = mini-Kexin, wild type,

1..399
mol type
organism

gctatgggta
cgccgtacga
agttccttat
tggttctata
tggatatgta
acattatttt
aaccaatgca

moltype =

other DHNA
synthetic

ctgctctgygyg
agcttgtcett

agtgcatata
tatgtttttyg
gttagtccat
tcagagcaat
cgcatttga

DNA length

Location/Qualifiers

1..306

note = mini-Kexin,

1..300
mol type
organism

tagggacgac
cggcatcaac

cggctactac
cggcetecatce
ggcttccacc

moltype =

other DNA
synthetic

ggcaagacca

ctgggccgga
gacaactgca
gacgtgcggy
tacagcggca

DNA length

Location/Qualifiers

1..399

note = mini-Kexin,

1..399
mol type
organism

gctgtgggtyg
ggccgtgegy
cgtgccoctac
gggcagcatc
cggctacgtyg
gcactacttc
gaccaacgcc

moltype =

other DNA
synthetic

ctgctgtggg
agcctgaget
agcgcctaca
tacgtgttcg
gtgtccccect
agcgagcagt
cggatctga

AA  length

Location/Qualifiers

1..101

note = mini-Kexin,

1..101
mol type
organism

protein
synthetic

= 306

wild type

construct

ttgaaggagt
aaggtcttygg
attacgatgg
gaataagaca
ctattgtaac

= 399

construct

ttccaggttce

gtagctgggyg
attcaattatct
gaagtggaaa
atactattac
gttctteegt

= 306

construct

tcgagggcgt
agggcectggyg
actacgacgyg
gcatccggca

gcatcgtgac

= 399

with leader sequence,

construct

tgcccggcag
gcagcetgggyg
acagcatcat
gcagcggcaa
acaccatcac

gcagcagcgt

101

wild type

construct

SPYTITIGSI DVRGIRHYFS EQCSSVLAST YSGSIVTNAR I

SEQ ID NO:

6

moltype =

AA length

= 132

tccttatagt
ttctatatat
atatgtagtt
ttatttttca
caatgcacgc

cactggtgac
acctcgtgat
taatgggata
tggaggctat
tatcggttet
tcttgcttet

codon optimized

gccctacagc
cagcatctac
ctacgtggtyg
ctacttcagc
caacgcccgyg

cacaggggat
acctagggac

caacggcatc
cggcggctac
catcggctcec
gctggcecttcec

60

120
180
240
300
306

with leader sequence

60

120
180
240
300
360
399

60

120
180
240
300
306

codon optimized

60

120
180
240
300
360
399

60
101
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-continued
FEATURE Location/Qualifiers
REGION 1..132
note = mini-Kexin, wild type, with leader sedquence
source 1..132
mol type = proteiln
organism = synthetic construct

SEQUENCE: 6
MDTDTLVLWV LLWVPGSTGD AAQPARRAVR SLSCSWGPRD DGKTIEGVPY SAYNSITIINGI
NLGRKGLGSI YVEGSGNGGY YDNCNYDGYV VSPYTITIGS IDVRGIRHYE SEQCSSVLAS

TYSGSIVTNA RI
SEQ ID NO: 7 moltype = DNA length = 22
FEATURE Location/Qualifiers
migc feature 1..22
note = Synthetic primer for mouse PCrRNA
gource 1..22
mol type = other DNA
organism = synthetic construct

SEQUENCE: 7
atgaggtgaa aagtcgaaag gg

SEQ ID NO: 8 moltype = DNA length = 26
FEATURE Location/Qualifiers
migc feature 1..26
note = Synthetic primer for mouse PCrRNA
source 1..26
mol type = other DNA
organism = synthetic construct

SEQUENCE: 8
tgattgtctce agatgaaaaa cctcett

SEQ ID NO: 9 moltype = DNA length = 38
FEATURE Location/Qualifiers
migc feature 1..38
note = Synthetic primer
source 1..38
mol type = other DNA
organism = synthetic construct

SEQUENCE: ©
acagcccaga ataatgaata aagttcecctca attgttac

SEQ ID NO:
FEATURE
REGION

10 moltype = AA length = 261
Location/Qualifiers

1..261
note =
1..261
mol type

organism

misc feature - CD40L
gsource

protein
Homo sapilens

SEQUENCE :

MIETYNQTSP
EDEFVEFMKTIOQ
QIAAHVISEA
REASSQAPFEI
VTDPSQVSHG

10
RSAATGLPIS
RCNTGERSLS

MKIFMYLLTV FLITOMIGSA LFAVYLHRRL
LLNCEEIKSQ FEGEFVKDIML NKEETKKENS
SSKTTSVLOW AEKGYYTMSN NLVTLENGKQ LTVEKROGLYY
ASLCLKSPGR FERILLRAAN THSSAKPCGQ QSIHLGGVEERE
TGFTSFGLLK L

DKIEDERNLH
FEMQKGDQNP
IYAQVTECSN
LOPGASVEVN

sBEQ ID NO:
FEATURE
migc feature

11 moltype = DNA length = 786
Location/Qualifiers

1..786
note =
1..786
mol type

organism =

CD40L
source

unassigned DNA
Homo sapiens

SEQUENCE: 11

atgatcgaaa
atgaaaattt
ctttttgetyg
gaagattttg
ttactgaact
aacaaagagyg
caaattgcgyg
gctgaaaaag
ctgaccgtta

catacaacca
ctatgtatcttctt
tgtatcttca
tattcatgaa
gtgaggagat
agacgaagaa
cacatgtcat
gatactacac
aaagacaagg

aacttctccc
acttactgtt
tagaaggttyg
aacgatacag
taaaagccag
agaaaacagc
aagtgaggcc
catgagcaac
actctattat

cgatctgcgy
CCLtcttatca

gacaagatag
agatgcaaca
tttgaaggct
tttgaaatgc
agcagtaaaa
aacttggtaa
atctatgccc

ccactggact
cccagatgat
aagatgaaag
caggagaaag
ttgtgaagga
aaaaaggtga
caacatctgt
ccctggaaaa
aagtcacctt

gcccatcagc

tgggtcagca
gaatcttcat

atccttatcec
tataatgtta
tcagaatcct
gttacagtygyg

tgggaaacag
ctgttccaat

60
120
132

22

26

38

60

120
180
240
261

60

120
180
240
300
360
420
480
540
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-continued

cgggaagcett cgagtcaagce tccatttata gceccagectcet gectaaagte ccccecggtaga 600

ttcgagagaa tcttactcag agctgcaaat acccacagtt ccgccaaacce ttgcecgggcaa 660

caatccattc acttgggagg agtatttgaa ttgcaaccag gtgcttcggt gtttgtcaat 720

gtgactgatc caagccaagt gagccatggce actggcettca cgtcecctttgg cttactcaaa 780

ctctga 786

What 1s claimed:
1. The protein mini-Kexin (SEQ ID NO 3J).
2. An 1solated nucleic acid encoding the protein of claim

1.

3. The nucleic acid of claim 2, wherein said nucleic acid
has sequence SEQ 1D NO 1 or SEQ ID NO 2.

4. The nucleic acid of claim 2, wherein the codons of said
nucleic acid are optimized to enhance expression 1 mam-
malian cells.

5. The nucleic acid of claim 4, wherein said nucleic acid
has sequence SEQ ID NO 3 or SEQ ID NO 4.

6. A fusion protein that comprises mini-Kexin (SEQ ID
NO 5), but that does not comprise the entire Kexin protein;
and that further comprises a leader that promotes secretion
of said fusion protein from a mammalian cell.

7. An 1solated nucleic acid encoding the fusion protein of
claim 6.

8. The fusion protein of claim 6, wherein said leader 1s an
IgG - leader, and wherein the fusion protein has sequence
SEQ ID NO 6.

9. An 1solated nucleic acid encoding the fusion protein of
claim 8.

10. The fusion protein of claim 6, wherein said fusion
protein comprises mini-Kexin and further comprises
CD40L.

11. An 1solated nucleic acid encoding the fusion protein of
claim 10.

12. A vaccine comprising the protein of claim 1, and
additionally comprising an adjuvant.

13. The vaccine of claim 12, wherein the adjuvant com-

prises CD40L.

14. A vaccine comprising the nucleic acid of claim 2, and
additionally comprising an 1solated nucleic acid that encodes
an adjuvant.

15. The vaccine of claam 14, wherein the encoded adju-
vant comprises CD40L.

16. A vaccine that comprises a live virus containing the
nucleic acid of claim 2.

17. A method of immumzing a mammalian patient against

infection by Preumocystis, said method comprising admin-
istering to the patient the vaccine of claim 12.

18. A method of immunizing a mammalian patient against
infection by Preumocystis, said method comprising admin-
istering to the patient the vaccine of claim 14.

19. A method of immunizing a mammalian patient against
infection by Preumocystis, said method comprising admin-
istering to the patient the fusion protein of claim 10.

20. A method of immunizing a mammalian patient against
infection by Preumocystis, said method comprising admin-
istering to the patient the nucleic acid of claim 11.

21. The method of claim 20, wherein the patient 1s a
human.

22. The method of claim 21, wherein the patient 1s
immunocompromised.

23. The method of claim 21, wherein the patient i1s not
sullering adverse eflects of Preumocystis infection, and
wherein said method affords protection against future infec-
tion by Preumocystis.

24. The method of claim 21, wherein the patient 1s
sullering adverse eflects of Preumocystis infection, and
wherein said method ameliorates the Preumocystis iniec-
tion.

25. The method of claim 21, wherein the patient 1s
immunized a plurality of times to provide a stronger immune
response than would be provided by a single immunization.

26. The method of claim 21, wherein said method com-
prises one or more prime vaccinations and one or more boost
vaccinations; and wherein the prime and boost vaccinations
differ from one another 1n the location of administration, or
the composition of the vaccine, or both.

277. The method of claim 26, wherein the prime vaccina-
tion comprises intramuscular vaccination with a plasmid
vaccine; and wherein the boost vaccination comprises intra-
nasal vaccination or other mucosal vaccination with an
adenovirus vaccine.

28. A method of immunizing a mammalian patient against
fungal infection, said method comprising administering to
the patient the vaccine of claim 12.

29. A method of immunizing a mammalian patient against
fungal infection, said method comprising administering to
the patient the vaccine of claim 14.
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